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ABSTRACT

DELSOL2 is a revised and substantially extended version of the DELSOL
computer program (SAND79-8215) for calculating collector field performance
and layout, and optimal system design for solar thermal central receiver
plants. The code consists of a detailed model of the optical performance, a
simpler model of the non-optical performance, an algorithm for field layout,
and a searching algorithm to find the best system design. The latter two
features are coupled to a cost model of central receiver components and an
economic model for calculating energy costs. The code can handle flat,
focused and/or canted heliostats, and external cylindrical, multi-aperture
cavity, and flat plate receivers. The program optimizes the tower height,
receiver size, field layout, heliostat spacings, and tower position at user
specified power levels subject to flux limits on the receiver and land con-
straints for field layout. The advantages of speed and accuracy charac-
teristic of Version I are maintained in DELSOLZ. '
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¢ A USER'S MANUAL FOR DELSOL2

I. Introduction

In central receiver systems, a large number of individually tracking
mirrors, called heliostats, are used to concentrate sunlight on a receiver at
the top of a tower. These systems have the potential to deliver thermal
energy over a wide range of power levels and temperatures. Applications
include central station electric power generation, industrial process heat and
production of fuels and chemicals. Analytical techniques are required because
it is impractical to investigate experimentally the wide ranges of design and
application alternatives for central receivers. Furthermore, the analysis
must be computer based because of: 1) the large number (i.e., thousands) of
heliostats in many single system designs; 2) the strong time dependence of
system performance due to the motion of the sun; and 3) the large number of
options which have to be considered in optimal design. The DELSOL computer
program was generated to fill the need for an accurate, but fast, easy to use
and documented code for performance and design applications. Version I, which
analyzed large power electric applications, was released in August 1978.

The present Version II improves and extends the capabilities of Version I.
Version II can handle both large and small power systems for electricity and
process heat applications. The code consists of a detailed model of the
optical performance, a simpler model of the non-optical performance, an
algorithm for field layout, and a searching algorithm to find the best system
design. The latter two features are coupled to a cost model of central
receiver components and an economic model for calculating energy costs.

Figure I-1 indicates schematically how the components of DELSOL are
used in the two general classes of application. ' In (A), the complete system
design (which may have been previously optimized by DELSOL) is specified by
the user and the code calculates the performance. Typical applications
include design point evaluation and analysis of experiments at test facilities.
In (B), the heliostat design, the range of system variables to be optimized,
and the design constraints are specified by the user and the code calculates
- optimal designs for a range of power levels. Typical applications include
system optimization and component design tradeoff studies.

As an optical performance tool, DELSOL simulates the effects of cosine,
shadowing, blocking, atmospheric attenuation, spillage, and flux profiles.
The code has several special features. First, the running time for a single
performance calculation is much less than for other codes, such as MIRVAL
(ref. 1), but with the same accuracy for most problems. Second, because of
the analytical form of the spillage and flux, one annual performance calcula-
tion determines the performance for any tower height or receiver size. Other
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codes must perform a new calculation every time the system is varied.

DELSOL, therefore, has a very significant advantage in the running time
required for the large number of performance calculations necessary in design
tradeoff and optimization studies. Third, DELSOL contains a very detailed
description of the types of errors that can degrade the performance of
heliostats. Finally, DELSOL is relatively easy to use. With minimal input,
systems involving flat, focused, or canted heliostats with round or rectangular
shapes, external, multiple aperture cavity, or multiple flat plate receivers,
and variable aiming strategies can be analyzed.

As a system design tool, DELSOL determines the best combination of field
layout, heliostat density, tower height, receiver size and tower position
(1and constrained system) based on the performance, total plant capital cost,
and system energy cost. In this mode, the code can be used to define values
of the key design parameters on which a detailed design can be based. The
need for manually doing a succession of point designs in the order to identify
an optimum is eliminated. The optimal design is evaluated by searching
over a range of tower heights and two components of the receiver dimension
(e.g., diameter and height of an external receiver) at the design point power
level(s) sto find the system with the minimum energy cost. The code is also
capable of doing constrained optimizations in which the peak flux on the
receiver is restricted below some maximum value and/or land availability is
1imi ted.

The development of DELSOL followed that of Sandia's other two central
receiver performance codes, MIRVAL and HELIOS (refs. 1,2). The earlier codes
have been used to validate the theory and programming in DELSOL. The agreement
in performance predictions among the three codes is discussed in Section VII.
While any one of the codes can, in principle, do the same kinds of problems,
they have been developed with different purposes in mind and thus do not
greatly overlap in use. HELIOS is specially adapted for analyzing experiments
at Sandia's Central Receiver Test Facility. MIRVAL employs a Monte Carlo ray
trace technique, giving it the potential to analyze very complex, but well
defined systems. DELSOL has been developed with speed in mind; hence it
typically requires much less computer time for performance calculation, and it
can also readily handle the multiple performance calculations required for
system design and optimization.

DELSOL is based in part on the performance/design approaches developed at
the University of Houston (refs. 3,4), but with many important additions.
The mathematical basis is an analytical Hermite polynomial expansion/convolu-
tion of moments method for predicting the images from heliostats (ref. 3).
The method has been extended at Sandia to allow a more general representation
of heliostat errors and to incorporate analytical scaling of the images as the
tower height is varied (ref. 5). DELSOL also employs a method for optimizing
heliostat densities similar to the Houston approach (ref. 4). The primary
difference in the two codes is in their design/optimization capabilities. The
Houston approach considers only one tower height and receiver size at a time.
These variables must be optimized by manually rerunning the Houston codes
until an optimum is located. In contrast, DELSOL automatically optimizes the
tower height and receiver dimension (s), saving considerable user and computer
time. (The user is cautioned, however, to provide his own values for the
appropriate input variables if his system of interest differs significantly in
size or cost/performance from the default system description in the code.)
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II. Problem Geometry

ITI.A. Coordinate Systems and Angles

The geometry used in the calculations is shown in Figures II-1 and II-2.
Polar (zenith) angles are measured from vertical. Azimuthal angles are
- measured clockwise from the south. There are four basic vectors and coordinate
systems: s, from the heliostat center to the center of the sun; n,
directed along the heliostat normal; £, the reflected vector from the
heliostat center to the aim point on the receiver; and r, the outward
surface normal of the receiver.

The orientation of the heliostats is determined by Snell's law: the
angle of incidence equals the angle of reflection, i.e.,

nes=n-t%t (IIA-1)
Solving for n and t gives
f- S+t (11A-2)
s+t
E=2(f+8)A-5 | (11A-3)

~ AThe five cartesian coordinate systems are listed in Table IIA-I. The
(lt,Jt) plane of the reflection normal system is given the special name
'image plane."”

II.B. Zoning *

In design optimization runs, DELSOL does not consider individually each
of the thousands of heliostats required in large systems. Instead, the code
calculates the performance at a set of field points. It is assumed that each
field point represents the average performance in a surrounding zone of
heliostats. For runs in which only the performance is calculated, the field
can be described with the zoning approximation, or the coordinates of each
individual heliostat can be defined.

11.B-1. Zoning Options--There are two options for zoning: 1) zoning
that completely surrounds the tower and can be used with any receiver (IN@GRTH=0);
and 2) finer zoning of the area north of the tower which can be used only with
a single north facing cavity or f1at plate receiver (INGRTH=1).

a) Surround Field (IN@RTH=0)

The field points are located on a regularly spaced radial-azimuthal
grid surrounding the tower as shown in Figure II-3. There are NRAD values of
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Figure 11-2.

Angles Associated with Sun, Mirror Normal,
Reflection, and Receiver Normal Vectors
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TABLE II.A-1
COORDINATE SYSTEMS

I1-4

Name Unit Vector Value Definition of Orientation
i Xg Due south
Ground "
Based J Yg Due west
k Zq Vertical, upward
?n xn Horizontal, in plane of mirror
Mirror 3n ¥n Vertically upward when normal is
Normal : horizontal, in plane of mirror
En =n Zy Mirror normal
i Xs Horizontal
Sun 35 Ys Vertical at sunset
Normal
Es = s Zg Towards sun
€t X Horizontal
Reflection 3t y Upward
Normal
Et =t z Towards tower
fr Xp Horizontal, tangent to receiver
_ surface
Receiver 3r Yr Upward, tangent to receiver surface
- Normal 4
Er =r 2y Outward normal of receiver surface




|
I"—RADMAX*THT
|

|—-—-—| RADMIN*THT

Figure II-3. Surround Field (IN@RTH=0). Field Point (x's) and Field
' Zone Boundaries (Solid Lines) for NRAD = 6, NAZIM = 12.
Field azimuthal angle determined from clockwise rotation
from north. \
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the radius from a minimum of RADMIN to a maximum of RADMAX (RADMIN and RADMAX
in normalized units of tower height). There are NAZM values of the azimuthal
angle with the first azimuthal value being due North. The total number of
field points (and therefore, zones) is NRAD * NAZM. Observe that the field
point is in the center of the zone except at the inner and outer radial
boundaries where it is at the boundary.

Heliostats are located by specifying the value of the radius and the
azimuthal angle of the tower yector t. ot = 0 corresponds to a heliostat
due North of the tower whose t points due“South. Similarly,

Ang1e ot Location
0 N
45 NE
90 - E
135 SE :
180 S
225 SW
270 "
315 NW

b) MNorth Field (IN@RTH=1)

This option can be used only with a single north facing cavity or flat
plate receiver. (In Namelist REE, IREC>0, NUMCAV=1, RAZM(1)=180.0.) The
field points are located on a regularly spaced radial-azimuthal grid located
north of the tower, as illustrated in Figure 11-4. In addition, a "dummy" set
of zones with field points due south of the tower is carried along. These
southerly zones do not affect the calculations because they are automatically
assigned zero intercept with north-facing receivers. The radial zoning is the
same as that for the surround field (INGRTH=0). The azimuthal zones utilized
are NAZM-1 in number and extend + AMAXN degrees about the N-S axis. The
default values produce 11 azimuthal zones each spanning 15° in the north part
of the field. This gives half of the minimum 30° segment obtained when

. IN@RTH=0. Default values are: '

NAZM=12
AMAXN=82.5(°)
I1.B-2. Field Options--The user has several options for the field

performance calculation according to his choice of the parameter IUSERF in
the FIELD namelist: ‘
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ZONE BOUNDARY\

FIELD POINT

Figure 1I-4. North-only Field (IN@RTH=1).
Field Points (x's) and Field Zone Boundaries (Solid
Lines) for NRAD=6, NAZM=6, AMAXN=75. In actual
problems, a larger NAZM and NRAD would probably
be used.
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a) IUSERF = 0

The user specifies RADMIN, RADMAX, NRAD, NAZM and IN@RTH. No field
boundaries are provided with this option. The code calculates and reports
only the zone by zone performance for the symmetric grid delined by the five
input variables above. Average field performance is meaningless in this case
and therefore not calculated. This option must be used for a field buildup
and optimization run (described in Section V).

b) IUSERF =1

The code defined north biased surround field of Figure II-5 is used.
User specifications of other field variables are ignored. The layout is
typical of fields required for larger industrial or electrical power plants
(> ~ 250 MW¢p or 100 MWe; ref. 6). Field averaged performance is calculated
and reported. This option is not to be chosen for a design and optimization
run.

c) IUSERF = 2

This -option allows the user to define a field zone by zone. To specify
such a field, the following variables must be defined: (1) RADMIN, RADMAX,
NRAD, NAZM, IN@RTH, and AMAXN (all described above) to set up the zoning;
and (2) NRADMN, NRADMX, DENSIT, AZMSEP, and FLAND (described below) to
characterize the field zone by zone. The user can always input this information
on Namelist FIELD. In addition, if the user desires to do a performance
calculation on a system optimized by DELSOL, two simpler methods of field
input are available. First, the code will automatically carry out a performance
calculation after a system optimization if IRERUN=1 in Namelist @PT. Al1 of
the above variables will be set automatically by DELSOL (see Section VI-2).
Second, the results of an optimization run can be written on a storage device
(e.g., magnetic tape) by setting I@TAPE=1 in Namelist @PT. At a later
time all of the above variables can be read off this tape by setting ITAPE=2
on Namelist BASIC (see Section VI-2).

For the Lth azimuthal zone (L=1,NAZM) all radial zones are occupied from
the minimum radial zone number, NRADMN(L), through the maximum radial zone
number, NRADMX(L). If no zones are occupied in the Lth azimuthal zone, then
NRADMN (L )=NRADMX(L)=0. The radial/azimuthal zone boundaries may not exactly
match the boundaries of the user's field. The FLAND array can be used to
trim the DELSOL zoning. If there is a land constraint (see Section 11.B-4),
FLAND will be calculated automatically by DELSOL. In the absence of a land
constraint, the user may specify FLAND. For the (K,L) zone, FLAND(K,L) is the
fraction of the land area in the (K,L) zone that is occupied by the heliostat
field. If the whole zone is occupied, FLAND(K,L)=1.0; if half the zone is
occupied, FLAND(K,L)=.5, etc. Field averaged performance is calculated and
reported. This option cannot be used for a design and optimization run.
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d) IUSERF=3

This option allows the user to specify the x and y (east and north)
coordinates of the base of every heliostat relative to the tower base. For
the performance at a single time (IPR@B=2, Namelist BASIC), an asymmetrical
heliostat field can be used. However, in order to calculate daily or annual
performances the field must be symmetric about the N-S axis.

A special convention is used to group and number the heliostats. The
heliostats are grouped into "rows" as illustrated in Figure II-6.  In a field
that surrounds the receiver the rows will usually be completely or partially
filled circles. In a north-only field the rows will be arcs or lines. The
rows do not intersect. The rows are numbered starting with the row nearest
the tower and proceeding outward. Within each row the heliostats are numbered
starting with the heliostat on the N/S 1ine or just east of the N/S line. The
numbering increases in a clockwise manner around the tower. Note that for a
line or arc of heliostats (see row 4 in Figure IV-6) the number starts in the
middle, proceeds to the eastern edge, goes to the western edge and then heads
to the middle again. The code considers the shading and blocking by only
those heliostats within + two rows of the row in which the heliostat of
interest is located. .

Concerning the choice of NRAD and NAZM, the larger each is, the greater
the number of zones, and hence, the greater the accuracy. The cost is increased
computing time. The running time is approximately linear with the number of
zones while the increase in accuracy with number of zones follows a "law of
diminishing returns." The default values offer a good compromise:

NRAD

12 | . INGRTH = 0

NAZM = 12 - . AMAXN = 82.5

The default field option is the first one, énd'the default field limits.~
encompass most designs:

IUSERF = 0
RADMIN = 0.75
= 7.5

RADMAX

I1.B-3. Rotating Fields--DELSOL can analyze central receiver systems
that rotate (IRPTFLF0). The rotation is synchronous with the azimuthal motion
of the sun. An observer rotating with the field will only see the sun move
vertically in one dimension. There is no apparent azimuthal motion of the
sun. DELSOL also assumes that the receiver is in synchronous rotation. When
using rotating fields, the azimuthal angle of the sun (when viewed from the
field) always appears to be due south. (Note: In optimizing rotating field
systems, DELSOL does not include the cost of the extra land required to allow
the field to rotate.)
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Row 1: Heliostats 1- 8
9-16
17-20
21-28

PWwnN

Figure II-6. Schematic Diagram of Heliostat Numbering and
"Rows" in an Individual Heliostat Field
(IUSERF=3, Namelist FIELD)
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II.B-4. Land Constrained Heliostat Field--DELSOL a1low§lthe user to
subject the heliostat field (not incTuding the tower) to an existing land
constraint. If NLAND>0 (Namelist FIELD for performance calculations; Namelist
@PT for design optimizations), then all heliostats must be within one of NLAND
user defined rectangles. The rectangles can have arbitrary size, displacement
and orientation and may or may not overlap, as illustrated in Figure II-7.

The center of the Ith rectangle is CLE(I) meters east and CLN(I) meters north
of the first rectangle; therefore, CLE(1)=CLN(1)=0. ALP(I) is the angle, in
degrees, that the sides of the Ith rectangle are rotated from the N-S and E-W
axes. ALP(1) is positive for a clockwise rotation viewed from above. SLNS(I)
and SLEW(I) are the length, in meters, of the sides of the Ith rectangle,
which, prior to rotation by ALP(I), were parallel to the N-S and E-W axes,
respectively. ‘ ' '

In a land constrained field it is necessary to specify the location of
the tower. In performance calculations a single tower position is considered.
The center of the tower is YTOWER meters north and XTOWER meters east of the
center of the first land constraint rectangle. In design optimization calcu-
lations DELSOL can search to find the optimum tower location. DELSOL considers
NUMP@S equally spaced Lower locations along a line from a first tower position
of XTPST m east, YTPST m north to a final tower position XTPEND m east, YTPEND
m north.

11.C. Heliostat Pattern and Density

It is assumed that the heliostats are arranged in the radial stagger
pattern illustrated in Figure II-8. They lie on isoazimuthal and isoradial
lines. The local heliostat density, p, (i.e., the ratio of mirror area to
land area) is related to the local row spacing, AR, and azimuthal spacing,
AAz, by the equation:

_ DENSMR x WM x_HM | - on
= S RERE T ¥ RAUND | (1r.c-1)

where DENSMR = fraction of mirror area of a heliostat whose overall

dimensions are WM x HM;

WM = heliostat width (m);
HM = heliostat height (m).
1.0 rectangular heliostats
RGUND = :
n/4 circular heliostats

The choice of heliostat density 15 indicated by the value of the parameter
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ALP (2)
[

AN

XTOWEj :
- CLE (2) 7 - —E

R. YTOWER

@

SLNS(1)

~~——— SLEW (1) ——

Figure II-7. Example of a Land Constraint with NLAND=2.
T is the tower location. In a design
optimization run several T positions along
a line can be searched to find the optimum

position.
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ToweRr

Figure II-8. Radial Stagger Arrangement of Heliostats.
‘ x's mark individual heliostat location
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IDENS. For IDENS = 1 or 2, the values of AR and AAz are curve fits to
optimized field layouts reported by the University of Houston (refs. 4,6,7)
with a correction factor dependent on tower height for applications to small
systems.

a) IDENS = 1 High reflectivity (~ 0.9), rectangular heliostats

= (1.14424 cot 6 - 1.0935 + 3.0684 © - 1.1256 oLZ) HM (11.C-2)

L

L o .

C HMFAR |-l
2*THT*RADIUS

e 0.02873 2+RADIUS
Mz = (1.7491 +0.6396 0, + ““‘T'U'UngZ) WM e ERAOIUS  (THn) (11.¢-3)

where K(THT) = (1

and @ = %-- o, (see Figure 11-2). RADIUS (in meters) is the

radius from the tower base and HM is the height of the heliostat (in
meters).

‘b) IDENS = 2 Low reflectivity (~ 0.6), round heliostats

AR same as in equation (I1.C-2)

i 0.01914 2*RADIUS
Mz = (1.6097 + 0.2966 0 + 52 0_01234_)wm SARas ADIUS o K(THT)  (11.C-4)

c) IDENS = 3 User defined, zone by zone

p is specified by DENSIT(K,L), and AAz/2 by AZMSEP(K,L) in the FIELD
namelist.

Note that when IDENS=1 or 2 the azimuthal spacing and therefore the
density depend on the tower height, THT.

The AR and AAz spacings from the above equations are tested to insure
that the mechanical limits on adjacent heliostats are not exceeded; i.e., that -
adjacent heliostats will not hit each other in any combination of orientations.
If the mechanical 1imits are violated, then the azimuthal spacing is adJusted
to accommodate the full exclusion c1rc1e of the heliostat.

I1.C-1. Slip Planes--The individua] placement of heliostats in a radial
layout pattern given only the zone average AR and AAz leads to a complication
as one moves radially inward from the center of the zone. Heliostats on
successive rows become more compressed until they incur an unacceptable
increase in shading and blocking (or reach mechanical limits for the zones
close to the tower). The problem can be alleviated by removing a fixed ratio
(1-1/FSLIP) of the heliostats in the unacceptably compressed row, and restarting
the layout pattern based on the new number of heliostats in the row. Figure
I1-9 illustrates this interruption in the layout pattern for the default 4/3
slip (FSLIP=1.33); the circular row at which the adjustment is made is called
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_~SLIP PLANE
~

. X = HELIOSTAT

QO = MISSING HELIOSTAT

® = NEW POSITION OF HELIOSTATS
ON SLIP PLANE

Figure II-9. Slip Planes in a Radial Stagger Layout (FSLIP=4/3)
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the "slip plane" in analogy with discontinuities in crystal structures. The
number of rows between slip planes increases as the radius increases and as
the tower height increases. (See ref. 8 for additional discussion on slip
planes.)

DELSOL calculates a zone by zone correction to account for the heliostat
number change at a slip plane. The user specifies the slip ratio, FSLIP in
namelist FIELD, i.e., the number of heliostats present on the slip plane row
before any are removed divided by the number remaining after rcmoval. The
default value for FSLIP (=4/3) is a satisfactory one for most intermediate to
small systems. By choosing a very large value for FSLIP (e.g., 100), the user
effectively eliminates the slip plane correction in the code.

II.D. Time Steps

DELSOL will calculate the performance at a single time, over a single
day, on a user defined matrix of sun positions, or over the year according to
the value of IPR@B (Namelist BASIC).

I1.D-1. IPR@B=0 or 4, Annual Performance--DELSOL calculates the
performance at a finite number of times during the year and integrates to get
daily and annual averages. The problem is simplified by the daily and seasonal
symmetry of clear sky insolation, described in Section III-A. Only the half
year between winter and summer solstice and the times between noon and sunset
need to be sampled. NYEAR equally spaced days starting at Dec. 21 and ending
on June 21 are considered as illustrated in Table II.D-1. At each of these
days the time is varied from solar noon on in steps of HRDEL hours, also shown
in Table I1I.D-1. The last time step at each day is taken as the time when
the sun angle, 65, is ASTART degrees from the vertical.

11.D-2. IPR@gB=1, Single Calculational Day--DELSOL calculates the
performance only on the UDAY (Namelist BASIC) day of the year. No annual
average is calculated. The time steps are controlled by HRDEL as described
under IPR@B=0.

I11.D-3. IPR@B=2, Single Calculational Time--DELSOL calculates the
performance only at UTIME hours past solar noon (UTIME is negative in the
morning) on the UDAY day of the year (both Namelist BASIC).

I11.D-4. IPR@B=3, Matrix of Sun Angles--Instead of calculating per-
formances at certain specified times with this option allows the user to
obtain the performance at certain specified sun angles. NUAZ values of
the azimuthal angle, UAZ, and NUEL values of the zenith angle, UZEN, are
considered in all possible pairwise combinations.

I11.D-5. Selection of NYEAR, HRDEL, Reference Times--Both accuracy and

calcuTational time of the performance (but not the optimization calculational
time) increase with the number of day and hourly time steps. Fortunately, a
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Table IT.D-1. Time Steps

Days of the Year Sampled

Day of the Year

Calculational .
Day : NYEAR = 3 NYEARMf 5
1 354.75 354.75
2 81.0 35.375
3 172.25 81.0
4 126.625
5 ' 172.25

NOTE: Day 354.75 is winter solstice
" 81.0 1is spring equinox

" 172,25 1s summer solstice

Hours after Solar NOON Sampled*

HRDEL = 1. ' HRDEL = 2.
Calculational Day = Day =  Day = = Day = Day = Day =
Time Step - 354.75 8l. 1/2.25 354.75 81. 172.25
1 . 0. 0. 0. 0. 0. - 0.
2 1. 1. 1. 2. 2. 2.
3 2. 2. 2. 3.3 s 4
4 3. 3. 3. - 4.8 ~ 5.8
5 3.3 4, .
6 '> 4.8 5.
7 | 5.8

*ASTART = 75°
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relatively few days (3-5) and a reasonable time step (1 hour) appear to
produce accuracies better than 1%. - Generally, it is better to decrease HRDEL
than increase NYEAR when attempting to increase accuracy.

Two times of the year have special significance. First, REFTIM hours
past noon on the REFDAY day of the year is called the reference time. This is
the time of the year which is used to determine the design point power levels
of the system, as described in Section V.A-1. Second, HCANT hours past noon
of the DCANT day is used to determine the off-axis canting of heliostats, if
any, as described in Section II.E-2. Note: The reference time must correspond
to one calculational time. The canting time has no such restriction. 1In
addition, daily start-up and shutdown times are determined by the user speci-
fied zenith angle, ASTART.

Default values are:

NYEAR = 5
HRDEL = 1.0

~ ASTART = 75.0(°)
REFTIM = 0.0 (noon)
REFDAY = 81.0 (equinox)
HCANT = 0.0
DCANT = 81.0

11.D-6. Time Averages--DELSOL computes daily and annual averages of fhe
total performance and the individual performance terms. These time averages
are weighted according to the following table: ‘

Quantity Weighting

cosine insolation

shadowing " X COS' S

blocking " x " x shadowing

attenuation " x " x " xblocking
spillage " x " x " x " xatten.

vTo illustrate this weighting the average blocking from time t; to time t2 is

t2 : :
/ block(t) shadow(t) cosine(t) insolation(t) dt

<block> =

t2
| shadow(t) cosine(t) insolation(t) dt
t1 :
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The same type of weighting is used in averaging the performance for a user
defined field.

II.E. Heliostats

Either rectangular (IRBUND=0) or circular (IR@GUND=1) mirror shapes
(Figure 11-10(A) and (B)) can be accomodated by the code. The overall
dimensions of the heliostat, WM and HM, enclose the mirrored surface, the edge
supports, and cutouts or slots, if any. The fraction of the area defined by
WM and HM which actually reflects sunlight is specified by the parameter
DENSMR. The user has the option of generat1ng more accurate images from
canted heliostats by specifying the size and location of the cant panels
(ICPANL=1, Namelist HSTAT). This option is highly recommended in small
systems. The width and height of the reflective surface of each cant panel
are WPANL and HPANL meters, respectively (Figure I1I-10(C)). The center of the
Ith cant panel is displaced from the pivot point (center of heliostat) by
HXCANT(I) meters parallel to the horizontal edge of the heliostat and HYCANT(I)
meters parallel to the vertical edge of the heliostat.

The reflectivity, given by the value of RMIRL, represents the time
averaged value and not the value just after washing. RMIRL should also
include transmission losses due to any enclosure surrounding the heliostat.
(See alsn Section II1.E-2.) The heliostats are assuned to have altitude-
azimuth drive systems pivoted at the center of the mirrored surface.

II.E-1. Heliostat Error Sources--The performance of heliostats is
degraded by several error sources. Care must be taken with the input of these
terms because different reports often use different descriptions for the same
errors. Specifically, a distinction must be made between an error source
(e.g., backlash in the azimuthal motor drive) and the effect of the error
source (i.e., the magnitude of the displacement and/or distortion of the
heliostat image on the receivers). The latter, the effect of the error
source, depends on the geometry between sun, he11ostat, and receiver.

Thus, a heliostat with a constant error source will provide variable effects

on the image at different times of the year for the same field position, or at
different field positions for the same time of the year, due to the changing
relative positions of the sun and receiver.:

Consider the example of the effect of a constant backlash error in the
azimuthal drive in otherwise perfect heliostats. At noon on any given day of
the year, a heliostat located due north of the tower will produce a larger
displacement of the image on the receiver than its counterpart at the same
distance due south. In fact, as heliostats in the south field approach a
horizontal orientation (i.e., mirror normal n vertical), errors in the
azimuthal drive produce no displacement in the image on the receiver.

Given that heliostats will be mass produced and assembled, it is assumed
in DLLSOL that Lhe error sources are essentially the same for each heliostat
regardless of field location. Hence, the user supplies as input the magnitude
of the sources of error (e.g., motor inaccuracies, surface distortions), and
the code calculates the time and field dependent effects of these sources.
(This is identical to the approach in MIRVAL and HELIOS (refs. 1,5).)
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Figure I1I-10. Types of Heliostats. (A) Canted, rectangular heliostat
- with 2 cant divisions along the width and 3 along the
height; (B) Circular heliostat with WM=HM=diameter;
(C) Canted heliostat defined for more accurate image
calculation (ICPANL=1)
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The sources of heliostat errors can be grouped into three types according
to the variable used to describe the error distribution. Each type produces
different qualitative and quantitative effects on the position and profile of
the heliostat image. Normal probability distributions characterized by
standard deviations in two perpendicular directions are assumed. The three
error groups, typical sources, and the coordinate systems in which they are
defined are listed in Table II.E-1. The default values are also included, and
are consistent with a fairly accurate, high reflectivity mirror.

I1.E-2. Focusing and Canting--The size of the image produced by a
heliostat on the receiver is determined by the finite size of the sun, the
heliostat performance errors, and the size of the heliostat, as illustrated in
Figure II-11(A). Reducing the contribution of heliostat size can lead to a .
smaller image size, and in turn, lower spillage, smaller receivers, and lower
receiver radiation and convection 1osses. DELSOL simulates the two methods,
focusing and canting, employed to reduce image size by decreasing the contri-
bution from heliostat size.

In focusing, the mirror panels are concave in a manner such that rays from
the center of the sun reflected from any point on the mirror panel hit the
same point on the receiver, as shown in Figure II-11(B). A canted heliostat is
divided into a number of submirrors. Each submirror is displaced relative to
the others such that rays from the center of the sun reflected from analogous
points nf the submirrors all converge to the same point on the rcceiver; as
indicated in Figure 1I-11(C). Thus, perfect focusing results in the
minimum size image by eliminating the contribution of heliostat size to the
reflected image. Perfect canting approximates perfect focusing by reducing
the total heliostat size to that of a single submirror. The greater the
number of canted submirrors for a given size heliostat, the smaller the
contribution of heliostat size to the image. In other words, canting is a
Fresnel approximation to focusing. (Note also that the submirrors of a
canted heliostat can each be focused in 0 to 2 dimensions.)

The curvature or displacement required for focusing or canting depends
on the angles between the heliostat, sun, and receiver, and is therefore time
dependent. For most heliostat designs the curvature cannot be varied, and the
heliostat will be perfectly focused or canted for only the one or two times of
the year when the sun is in the correct position. At all other times, the
heliostat will produce "off-axis aberration" of the image; i.e., distortions
of the ideal image due to off-design operation. :

The most common choice for the curvature of a rigid heliostat is a
symmetrical "on-axis" focusing or cant. In this case, the heligstat is perfectly
focused or canted at a point_along the heljostat optical axis, n, when
the sun is positioned along,n, (i.e., n =s in Figure II-1). When the sun
is in other positions (n # s), there will be off-axis aberations.

A second possibility is an asymmetric curvature such that the heliostat
is perfectly focused or canted for a specific sun position (defined by the
HCANT hour past noon on the DCANT day of the year). In this case the relative
positions of sun, heliostat, and regeiver are important because in general,
the focal point will not 1ie along n. This "off-axis" cant or focus
results in off-axis aberrations when the sun position differs from that
specified by (HCANT, DCANT).
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TABLE II.E-1
HELIOSTAT ERROR SOURCES

Default Values

Type Error Distribution* Typical Sources (rad)
Heliostat ' Oy By Tracking errors in o, (SIGEL) = 0.00075
angles open-l1oop drive - n
systems
Foundation motion o (SIGAZ) = 0.0UU/b
: n
Surface Xps Y Mirror waviness oy (SIGSX) = 0.001
normal n
Panel alignment o. (SIGSY) = 0.001
errors In
Reflected Xy ¥ Tracking errors in Oy (SIGTX) = 0.000
vector . closed-loop drive
- ' systems
Atmospheric o (SIGTY) = 0.000
refraction y
Tower sway

*Each distribution is of the form:

-1 1 ,day2 1 ,db,2
p(da: db) = (z'ﬂ O'a Ob) exp - ? (?a-) - ?- (o—b-)

variable pair defined above,

where a,b

p‘

probability of displacements, da and db, from the nominal
values of a and b.
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Figure'II-ll.‘ Schematic of Images Formed by (A) Flat, (B) Focused, and
(C) Canted Heliostats '
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On a yearly average, off-axis aberrations are less with an on-axis than
off-axis cant or focus. Moreover, the symmetry of the on-axis cant or focus
allows for a simpler manufacturing procedure. However, at the time specified
by (HCANT, DCANT), an off-axis cant or focus produces a smaller image and
higher flux density. This may be useful in test facilities where the number
of helisotats is small, and periodic readjustment of their canting or focusing
is possible. DELSOL allows both on- and uff-axis canting but only on-axis
focusing. :

, For canting several options are available according to the choice of the
parameters ICANT, NCANTX, and NCANTY. There are NCANTX times NCANTY equally
s1zed submirrors per he]iostat with NCANTX (NCANTY) submirrors along the

(J ) edge of the heliostat, as shown in Figure 11-6(A). The larger NCANTX
and NCANTY the more closely a canted heliostat approximates a focused heliostat.
Uncanted he11ostats are specified by ICANT=0 and have only one sub-mirror equal
to the heliostat itself; therefore, NCANTX=1 and NCANTY=1. Fields in which
each heliostat is individually canted off-axis on the HCANT hour past noon and
the DCANT day of the year (default - noon, equinox, Mar. 21) are specified by
ICANT=3. Heliostat fields in which every heliostat is focused "on-axis" with a
focal length equa] to its slant range is spec1f1ed by the parameter ICANT=-1.
Finally, fields in which heliostats have "on-axis" canting with user defined
focal lengths (= RCANT (K) tower heights) are specified by ICANT=1. (This
option can be used to produce a single cant for the whole field.)

Independent of cant1ng, the mirror or subm1rrors can be focused in 0-2
dimensions. If the mirror is curved along the ‘n (Jn) direction then the
parameter XF@CUS=1.0 (YF@CUS=1.0). Thus, no focusing is specified by XF@CUS=0.0,
YF@CUS=0.0. 1-d focusing is specified by XF@CUS=1., YF@CUS=0., or XF@CUS=0.,
YF@CUS=1; 2-d focusing is specified by XF@CUS=1., YF@CUS=1. The parameter
IF@CUS determines the specification of the focal lengths. DELSOL auto-
matically sets the focal length equal to the slant range when IF@CUS=0.

User defined focal lengths, XF@CAL and YF@CAL, can be read in when IF@CUS=1.

IT.E-3. Default Heliostat--The default heliostat is a high ref1ect1v1ty
square advanced design with a single cant and focus.

IRGUND = 0 | ICANT = 1
WM = 7.4 (m) ~ NCANTX = 2

HM = 7.4 (m) o NCANTY = 6

DENSMR = 0.897 RCANT = 12*7.15

RMIRL = 0.89 XFECUS = YF@CUS = 1.0
SIGAZ = SIGEL = 0.00075 IFgCUS = 1

SIGSX = SIGSY = 0.001 XFOCAL = YFOCAL = 12%7.15
SIGTX = SIGTY = 0.
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II.F. Tower and Receiver

DELSOL considers three types of receivers as illustrated in Figure II-12:
external cy11nders multiple aperture cavities, and multiple flat plates.
Flat plate receivers are specified in the same manner as cavity receivers.
The tower height, THT, is defined as the elevation of the middle of the
external receiver, cavity aperture, or flat plate above the pivot point of the

heliostat. To get the height above ground, the elevation above ground of the
pivot point must be added to THT.

The size of external cylindrical receivers (IREC=0) is specified by the
height, H, and width or diameter, W. The apertures on cavity receivers are
specified by giving their dimensions, orientation, and d1sp1acement from the
tower centerline. For rectangular apertures (IREC 2), one edge is horizontal
of length RX and the other perpend1cu1ar edge has a length RY. For elliptical
apertures (IREC=1), one axis is horizontal with length RX and the other axis
has a length RY. The orientation of the apertures is specified by the r
vector which is the outward surface normal at the center of a surface stretched
across the aperture. It is assumed that all apertures are oriented such that
an extension of the r vectors will go through the tower center11ne at the same
point. (See Figure II-2.) 6, (RELV) is the polar angle of F; it equals 90° if
the cavity aperture is vertical and is greater than 90° if the cavity faces
downward. g, (RAZM) is the azimuthal angle; g, = 180° if the aperture faces
North. The width W of the cavity structure is taken as twice the horizontal
distance from the center of the cavity aperture to the tower centerline. In
multiple aperture cavities, the same receiver width and tower height apply to
all apertures (i.e., a horizontal circle can be passed through the aperture
centers). The height H is the total vertical distance of the heat absorbing
unit in the cavity above the bottom of the cavity aperture. A total of
NUMCAV (< 4) apertures can be specified. Single or multiple flat plate
receivers with rectangular (IREC=3) or elliptical (IREC=4) shapes are specified
in an identical manner to a single or multiple cavity receiver with rectangular
or elliptical apertures.

In designing cavity receivers it is necessary to describe the configura-
tion within the cavity in order to determine the cost of the receiver. DELSOL
assumes that the inside of the cavity is a section of a vertical cylinder
centered on the aperture as shown in Figure 11-13. The relative depth
RWCAV(I) of the heat absorbing surface inside the Ith aperture is specified as
the ratio of the radius of the cavity to the receiver radius, W/2. The height
of the cylindrical heat absorbing surface is chosen so as to intercept all of
the image that passes through the aperture from the nearest and farthest
possible heliostat. The height is therefore a function of the minimum and
maximum heliostat positions within the sector of the field seen by the cavity,
the aperture height, RY, the orientation of the aperture, RELV, the tower
height, THT, and the relative diameter of the heat absorbing surface.

I1.G. Heliostat Aiming

DELSOL has several .options for aiming the heliostats at different points
on the receiver. The “smart" aiming options, described below, are generally
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Figure'II-lz. Types of Receivers. (A) External Cylindrical; (B) Cavity
with Single Aperture; (C) Single Flat Plate; (D) Rectangular
Aperture or Flat Plate; (E) Elliptical Aperture or Flat
Plate :
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Figure II-13. lleat Absorbing Surface Within a Cavity. It is
modeled as a segment of a right circular cylinder
centered on the cavity aperture.
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required when trying to design flux limited receivers. The options are
controlled by the IAUT@P parameter in Namelist REC and illustrated in
Figure II-14. A1l "smart" aiming options are time dependent; i.e., the
number of aim points can change over the year if the image changes.

' I1.G-1. Single Aim Point (IAUT@P=0)--This is the simplest of all aiming
options. ATT heliostats are pointed at the center (when viewed from the
heliostat surface) of the receiver (Fig. II-14(A)). This option produces the

maximum flux on the receiver. .

11.G-2. One-Dimensional "Smart" Aiming (IAUT@P=1)--The heliostat
images are spread out along the "height” of the receiver or aperture until the
spillage starts to increase. As seen in Figure II1-14(B) the smaller images of
the inner heliostats can be spread out over more aim points than the larger
images of the outer heliostats. This option reduces both the peak flux and
flux gradients on the receiver. Ihis is the "smart" aiming option to use with
external receivers (IREC=0) and with cavity or flat plate receivers of ellipti-
cal shape (IREC=1 or 3). Since the size of the images from the heliosats can
change with time (especially in small systems) the 1-d smart aiming also '
changes with time.

I1.G-3. Two-Dimensional "Smart" Aiming (Rectangular Cavity Apertures
or Flat Plates Only, IAUT@P=2)--This option 1s similar to IAUT@P=1 except
that the images are spread out in two dimensions as shown in Figure II-14(C).
This results in even smaller peak fluxes than IAUT@P=1. However, this
option should only be used with rectangular cavities (IREC=2), or rectangular
flat plates (IREC=4). If used with elliptical receivers the spillage will
increase. Furthermore, if used with external cylinders much of the flux will
be incident on the receiver at grazing angles where the absorption is poor.

I1.G-4. Single Aim Point at the Lower Part of the Receiver (IAUT@P=3)--
The heli1ostats are aimed as close to the bottom of the receiver as is
possible without increasing spillage significantly as shown in Figure 1I1-14(D).
There are several reasons for considering this strategy. First, if the fluid
enters from the bottom the peak fluxes will occur near the colder (and presuma-
bly stronger) end of the piping. The penalty is increased radiation and
convection losses since the average receiver temperature is increased.
However, if the fluid enters from the top the radiation and convection losses
are minimized, but the peak flux occurs near the hot end of the tube.

I1.G-5. One-Dimensional Aiming at the Lower Part of the Receiver
(IAUT@P=4)--Same as IAUT@P=3 except that the images are spread out along
the top of the receiver as shown in Figure 11-14(E).

I1.G-6. User Defined Aiming Strategy (IAUT@P=5)--A user defined aiming
strategy can be defined for each zone through the variables NAY(K,L), NAX(K,L),
YAIM(K,L,M), XAIM(K,L,M), and NUMPT(K,L) where K=1, NRAD, L=1, NAZM, M=1,2. °
Each zone has a rectangular grid of NAX by NAY points with the grid limits set
by XAIM and YAIM. Figure II-14(F) gives an example for this case.

II1.H. Flux Density Distribution

. DELSOL has the option of calculating the flux density on an arbitrary
planar or vertical cylindrical surface (IFLX = 1, Namelist NLFLUX). The flux
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Figure I1I-14. Aiming Options.
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on complex receivers composed of several planar and/or cylindrical surfaces
can be mapped by several executions of the program. For cavity receivers the
flux surfaces are assumed to be behind the apertures. DELSOL tests each flux
point to insure that it can be seen through the aperture from the heliostat
being calculated (i.e., that the flux point is not shadowed by the outside of
the cavity). In addition, for multiple aperture cavities, DELSOL allows the
user to specify the aperture(s) through which the reflected sunlight can reach
the flux surface (ICAVF, Namelist NLFLUX). This-latter feature can be used to
account for the possibility that the flux surface may be blocked by the
internal structure of the cavity.

The flux from a heliostat is found by projecting the flux point along
the - £ direction (i.e. back towards the heliostat) to the image plane
whose origin is the aimpoint on the receiver. The Hermite series (Equation III.
D-1) is evaluated and multiplied by - ¥ - £ where f is the normal of the
flux surface at the flux point. For multiple aimpoints this procedure is repeated
for each aimpoint. To represent accurately the flux from a zone of heliostats,
the code uses the average flux from a number of heliostats spanning the zone
and not just a single heliostat located at the field point. The flux from a
field of heliostats 1s obtained by summing the flux from the zones within the
field. The single time of the year at which the flux is calculated is determined
by the user (IFX@UT).

IT.H-1. Specification of Flux Points--The flux points are specified by
giving their Tocation in ground based coordinates relative to the receiver
“center” and by defining the direction of the outward normal on the side of
the surface upon which the flux is incident. The receiver center is on the
tower centerline a distance THT (Namelist REC) above the plane of the heliostat
pivots (i.e., at the same elevation as the middle of the external receiver or
the middle of the cavity aperture or flat plate). The program provides four
options for automatically generating a 2-d grid of equally spaced flux points:
(1) the outer surface of a vertical cylinder (IFLAUT=1); (2) the inner surface
of a hollow vertical cylinder (IFLAUT=2); (3) one side of an arbitrarily
oriented plane (IFLAUT=3); or (4) code generated grid on the heat absorbing
surface (IFLAUT=4). :

If IFLAUT=1 the points are generated on the outside of a cylinder of diameter
DIAMF meters. The center of the vertical cylinder is XFC meters to the east,
YFC meters to the north and ZFC meters up with respect to the receiver center.
There are NXFLX flux points around the circumference from a minimum surface
normal azimuth of FAZMIN degrees to a maximum of FAZMAX degrees (see Fig.
I1-15). The north side of the cylinder has an azimuth of 180°, east 270°,
etc. There are NYFLX values of the height of the flux point relative to ZFC
from a minimum of FZMIN meters to a maximum of FZMAX meters.

If IFLAUT=2 the points are on the inside of a hollow vertical cylinder.
A11 the variables have the same meaning as above except that since the surface
normals are on the inside of the cylinder, the azimuth on the north side is 0°
and not 180° as it 7s for IFLAUT=1, and the east side azimuth is 90° not
270°, etc. (i.e., the direction of the north side azimuth is south, etc.),
as shown in Figure II-15.
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Figure II-15. Flux Points on a Cylinder. For IFLAUT=1, the
points are on the outside of the cylinder and for
IFLAUT=2, the points are on the inside. In this
Figure NXFLX = 5, NYFLX = 3. Point number
NMXFLX = M + (N-1)®NXFLX, where M = 1, NXFLX
and N = 1, NYFLX. For clarity, the receiver has
been "unfolded" and laid flat in (c).
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If IFLAUT=3 Lhe (lux points are locatced on a plane. The outward
surface normal ¥ on the side of the plane on which the flux is incident
makes a polar angle of POLF degrees with the vertical and an azimuthal angle
of AZMF degrees with respect to the south direction (these angles are defined
in an analogous manner to the angles of the n, s, t, and r, vectors in
Figure II-2). A cartesian coordinate system (if, jf, kg) is constructed
with k¢ = f, 1¢ in the plane and horizontal and j¢ in the plane and
pointing up when k¢ is horizontal (Figure II-16). The origin of this
coordinate system 1s XFC meters to the E, YFC meters to the N, and ZFC
meters up with respect to the center of the receiver. There are NXFLX
equally spaced values of the flux points along the if axis from a
minimum of FAZMIN meters to a maximum of FAZMAX meters. Similarly, there
are NYFLX equally spaced values of the flux points along the jf axis
from a minimum of FZMIN meters to a maximum of FZMAX meters.

If IFLAUT=4 the flux points are located automatically by the code on the
heat absorbing surface of the receiver. If the default choices for NXFLX,
FAZMIN, FAZMAX, NYFLX, FZMIN, and FZMAX are used with this option, a single
point on the center of the north facing heat absorbing surface will be generated.
While this is usually the logical point to test for a flux lTimit for external
and flat plate receivers, it is usually too high for a cavity (see Sample
Problem 2 in Appendix B for an example). For cavities, the user should test
several points along the centerline of the back wall in order to locate and
properly design for the maximum flux.

IT.H-2. Flux Constrained System Designs--Many receiver designs have to
impose flux Timitations on the receiver surface to meet lifetime requirements.
DELSOL provides the option for designing systems with a peak flux constraint.
The flux at NFLXMX points is calculated at the design point as the field is
being built up. If the flux limit (FLXLIM) is exceeded, no more zones are
added. In calculating the flux during design studies, it is assumed that the
relative shape of the flux profile at the design point is the same as the
relative shape of the annual average flux profile.

When the receiver size is iterated, the location of the flux points is
scaled in such a way that they remain at the same relative position on the
receiver. For external receivers, a width and height of the receiver, W and
H, are specified on the 2nd REC Namelist (just before the OPT Namelist in the
optimization input group). The flux points are specified by using IFLAUT=1
with XFC=YFC=ZFC=0 and DIAMF=W. Generally, the peak flux occurs at the
middle of the north side of the receiver so that only one flux point is tested
(this is generated by using all the default values in Namelist NLFLUX).

The azimuthal location of the flux point(s) is unchanged as the receiver size
is varied. The height of the flux points is given by

H.
Height of flux point = (Initial location) _ﬁE

where Hijt is the current iterated receiver height. For example, if the
flux point is chosen as 3/4 of the way up the receiver on the NE side it will
remain in this relative position as W and/or H is varied.
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Figure II-16.
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axis is in the plane and horizontal. The

jg axis is in the plane and pointing upward.
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For cavity receivers, the locations of the Flux points scale with W and
the height of the heat absorbing surface based or RADMIN and RADMAX

Wit
(6 ¥} = X ¥)inivia W
. HCAV
initial HCAVinitia]

where Wiy is the current iterated width, and HCAV;¢ is the height of the

heat absorbing surface based on current values of THT, W, and RY. The surface
normal at the flux point is held constant.

For a single flat plate receiver the flux points are specified by
IFLAUT=3 with POLF=RELV(1), AZMF=RAZM(1), ZFC=0, XFC=-W« SIN (AZMF) and
YFC=-Wx COS(AZMF) where W is the diameter defined in Mamelist REC. The
spacing of the flux points along the ?f axis scale with RX(1) and along
the j axis with RY(1), i.e. :

RX(1).

Xg., = X 1t
fit ~ f RX(D)
RX(1)

- it

Yfie T Yf RO

where RX(1) and RY(1) are the values of the receiver dimensions from Namelist
REC, RX(1)j¢ and RY(1);¢ are the values used in the iteration, and xf and ys
are the coordinates of the flux points generated by the values in Namelist
NLFLUX. Generally, the peak flux occurs in the center of the flat plate.

For flux 1limited external or flat plate receivers automatic aiming
(TAUT@P=1, Namelist REC) must be used. In design calculations the REC
Namelist appears twice, once in the Performance Group and once in the Layout/
Optimization Group (Table A.A.-1). To save computer time do not use automatic
aiming on the first REC Namelist, only on the second REC Namelist (the one
immediately before the @PT Namelist). Similarly, the NLFLUX Namelist
appears twice. Again to save time do not calculate any fluxes on the first
NLFLUX Namelist only on the second one (after the @PT Namelist).

[1-35/36



.. 111, Performance
Calculation

e




111. Performance Calculation

ITI1.A. Seasonal and Daily Variation of Sun Position; Sunshape

ITI.

A-1. Position of the Sun--The sun position vector s is specified

by (og,

Bg) as ilTustrated in Figure II-2. Ignoring refraction effects:

in the atmosphere Og and Bg can be calculated by (refs. 9,10):

where 2

T

8

sin A sin &6 + cos A cos 6§ cos T - ~ (II1.A-1)

)50
cosO,

sinBS = sin 1 cosG/sinOS (I11.A-2)

latitude (>0 in northern hemisphere),

hour angle measured from noon (>0 in afternoon; 15° per hour),

declination.

8 i§ determined by:

sind = sin(23.442274°) sinB__ - (ITI.A-3)
whefe B o(radians) = g_ + 0.007133 sing_ | (I11.A-4)
+ 0.032680 cosS0 - 0.000318 s1'n2_¢>o
+ 0.000145 cosZ¢0 (ref. 11)
and ‘ .
_ 2w(DAY+284.,) A
¢0 = 365.24 . (III.A-S)
The effect of atmospheric refraction is to make the sun's apparént zenith
angle og (i.e., the zenith angle observed through the atmosphere) less than
the trUe zenith angle ©g. The correction is given by a numerical fit (ref. 12):
A@S(rad1ans) =6, - 06, o | (ITI1.A-6)
= A * (0./B)**(C+D*0.) - E
where A = ,004013327
B = .06476916
C.= -.66956539
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80¢ is multiplied by the relative atmospheric pressure (PRES or DPRES, Namelist
BASIC) to account for the effect of altitude. It is the apparent sun angle,
not the actual sun angle, that is tracked by the heliostats.

The default latitude is that for Barstow, CA:
A(PLAT) = 35.0°.

II1.A-2. Insolation--The extraterrestrial insolation of the sun, S,,
including the effect of eccentricity of the earth's orbit, is given by
" (ref. 13):

DAY + 10.0)

2y
S, (kw/m") = 1.363 + 0.045 cos (21 ——zz—

(I11.A-7)

where DAY = day of the year.

The position of the sun is symmetric about the summer and winter solstices.
The code ignores the small change in declination during each day and assumes
that sun position is symmetric about noon.

DELSOL assumes clear sky models to predict the direct normal insolation
at the surface, S. Insolation is decreased by transmission through the
atmosphere. Losses depend on such factors as the weather, air mass traversed,
and altitude, which determine the extent of photon absorption and scattering.
The result is that part of the direct insolation is converted to a diffuse
form which cannot be concentrated by the heliostats. The annual energy
predicted by the clear sky models is corrected for weather ettects as des-
cribed below. The parameter INSPL controls the insolation model choice.

a) INS@L = 0, Meinel Model (ref. 14)

S =S {(1. - 0.14 ALT)exp(-0.347(sec 0)°-%78) + 0.14 ALT}  (I11.A-8)
where S, is given by equation (III.A-4) and ALT is the altitude in km.

b) INSPL = 1, Hottel Model (ref. 15)

S=5. (a+bexp(-c seco)) (I11.A-9)

(0]
0.4237 - 0.00821 (6. - ALT)2

where a
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b = 0.5055 + 0.00595 (6.5 - ALT)2

0.2711 + 0.01858 (2.5 - ALT)2

c

c) IMS@L = 2, Constant Insolation
S = SPLCPN (constant specified in BASIC hame]isf3 (IT1.A-10)
d) INS@L = 3, Allen Model (ref. 16)

S =5 {1.0 - 0,263 (

. DH2¢+2‘72)(m*DPRES)Y} (II1.A-11)

DH20+5.0
where -m = air mass correction

DH2@ = precipitable water overhead (mm)
DPRES = atmospheric pressure/sea level atmospheric pressure
_ DH2¢+11.53
v = 0367 [fm7g+7.88 )

The air mass correction, m, depends on the zenith angle, B> according to:

' "‘=zolw | (o < 60°)
s (I11.A-12)
_ 1 - B o
¢ " Eose, " 41.972213(90-6,) (65 > 60°)
where g = -2.0936381-0.04117341(90-¢_)+0.000849854(90-¢ 2 (111.A-13)
s s (ref. 17)

Note that the altitude of the site affects the insolation via the relative
pressure DPRES. .

e) INS@BL = 4, Moon Model (ref. 16)

S = S, {0.183 exp(-m*DPRES/0.48)
+ 0.715 exp(-m*DPRES/4.15) + .102} - (111.A-14)

The above equations are plotted in Figure II1I-1 for ALT=0. The default

va;ues give yearly insolation corresponding to a Barstow, CA, location (ref.
18): ' ‘

INSPL = 0 " DPRES.= PRES = 1.0 : '

ALT = 0.65 DH2@(1) = H2@ = 20.0
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I11.A-3. Time Dependent Weather Effects--DELSOL allows the user to
define the weather characteristics of the site being analyzed. The weather
factors can be defined separately for each of the NYEAR calculational days
(IWEATH=1, Namelist BASIC) or can be held constant over the year (IWEATH=0).
The weather affects both performance and design calculations.

a) Cloudiness
. The'energy produced on the Ith calculational day is multiplied by
DWEATH(I) (IWEATH=1) or WEATH (IWEATH=0) to correct for the probability

that some insolation will be lost due to cloudiness. The default values are
consistent with a Barstow, CA location:

DWEATH{I) = WEATH = 0.83

b) Atmospheric Pressure

The atmospheric pressure divided by sea level atmospheric pressure on the
Ith calculational day is given by DPRES(I) (IWEATH=1) or PRES(IWEATH=0). The
relative atmospheric pressure affects the refraction of sunlight in the
atmosphere, and its influence is accounted for in the Allen and Moon insolation
models.

c¢) Precipitable Water

The precipitable water overhead (in mm) on the Ith calculational day is
given by DH2@(1) (IWEATH=1) or H2( (IWEATH=0). This quantity is used only in
the Allen insolation model (INS@L=3).

I11.A-4. Sunshape--The image of the extraterrestrial sun is 1imb darkened;

i.e., the insolation decreases toward the edge. The size and shape of the

solar intensity is further modified by the very small angle scattering in the
earth's atmosphere. In general, the size of the solar image increases as the
total insolation decreases because of increased scattering. The shape of the
solar image is important in its effects on the spillage and flux calculations.
The sunshape models available in DELSOL are set by the choice of parameter

NSUN.

a) NSUN = 0, Point Sun

A point sun, while unrealistic, has been useful for debugging the
field performance calculation and for studying the effects of heliostat size
and errors on the images projected on the receiver.

ITI=5



b) NSUN = 1, Limb Darkened Sun

This is one of the simpler models for a 1imb darkened sun described
by (ref. 3):

[ 5y (1.0 - 0.5138(r/R)*) (r < R)
S(r) = (I11.A 15)

0.0 (r > R)

where v = angle subtended between the center of the sun to some point
toward the cdge (<R), in rad;

=
1

maximum angle subtended,

(4.65 x 107°)

c¢) NSUN = 2, Square Wave Sun

The intensity is cunstant to r = R (= 4.65 mrad), and then drops to zero:

S (r < R)

S(r) = 0 - (I111.A-16)
0 (r>R) :

d) NSUN = 3, User Specified Sunshape

The user specifies the intensity vs. angle in a circularly symmetric
sunshape. There are NSUNPT pairs of values of intensity, SUNI, vs. angle from
the center of the sun, SUNR. The anglcs are in ascending order and the first
angle must be zero (i.e., the center of the sun). nr*SUNI(r)dr gives the power
from the sun within a differential circular ring from r to r+dr.

The default in the code is thc limb darkened model (NSUN = 1).

‘

111.B. Cosine Eftect

In general, heliostats are not perpendicular to the incident direct
insolation. The total power reflected per unit area of heliostat is propor-
tional to the cosine n + § = A « £. The analytical formulas for the
heliostat orientation and the cosine are derived in reference 19. The amount
of energy reflected by a heliostat, Sr’ is therefore:

Sr = Sx(fi+S)xRMIRL (II1.B-1)

where

-~

& .s=1 : . 1/2 )
A+ 8= (1+cosogcoso, +sino, sino, cos(g,-g,)) (I11.B-2)

The angles are defined in Figure II-2.
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III.C. Shadowing and Blocking

Shadowing occurs when one heliostat is in the shadow of one or more
neighbors. Blocking occurs when a part of the unshaded region of the helio-
stat cannot be seen from the receiver because of its neighbors. Shadowing and
blocking are strongly time and position dependent.

Shadowing (blocking) is calculated by projecting the neighboring helio-
stats along the sun (tower) direction onto the plane of the heliostat being
considered. The area shaded (blocked) is then calculated analytically.
Twelve nearest neighbors are considered in the calculation.

. Two options are provided for overlapping of shadowing and blocking on a
heliostat. For ISB=0 (Namelist HSTAT) the shading and blocking are assumed to
never overlap. This is generally the case except at low sun angles. This
approximation is an upper bound on shading and blocking losses. For ISB=1 the
‘shading and blocking are assumed to always overlap. This approximation is a
lower bound on the losses. The default choice is the conservative one (ISB=0).

I11.C-1. Effect of Slip Planes on Shadowing and Blocking--As explained
in IT.C-1I, heliostats have to be removed from sTip planes in radial stagger
layout patterns. These missing heliostats will reduce the shadowing and
blocking. DELSOL assumes that the shadowing and b]ock1ng losses are reduced by
the fraction of missing heliostats/total heliostats in a zone. For example, if
5% of the heliostats are missing, a 10% shadowing loss would be reduced to 9.5%.

I11.C-2. Tower Shadow--DELSOL calculates the effect of the shadow cast by
the tower and receiver. The tower and receiver shadow is modeled as that cast
by a vertical cylinder of height T@WL meters (above the plane of heliostat pivots)
and diameter of T@WD meters. Both values scale with THT. The default
values are cons1stent with THT and W:

TOWL

175.0 m
T@WD 1

0.0 m

II1. D. Flux Dens1ty and Spillage

The details of the theoretical method for calcu]ating the flux in
DELSOL is given in references 3 and 5. The flux distribution from a heliostat,
normalized to unit power, is represented ana]yt1ca11y by a truncated expan-
sion in-Hermite polynomials:

Fx) = (2 o) o (- 3 7 - 5 D)
4 (111.D-1)

6 o |
(120 Jzo Ais M (é"J Hj_(%—a/i! J})
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where ays Oy and Aj; are calculated from the projection of the heliostat on

the receiver, the sunshape, and the heliostat performance error distribution,

and x and y are the coordinates in the plane of the reflected image (Table II.A-1).
The H's are Hermite polynomials, the first three of which are:

Ho(x) =1
Hl(x) = X (111.D-2)
Ha(x) = x2-1

In reference 5 it is shown that the Aj; and a's have a simple power Taw
dependence on the tower height, THT. +herefore once the flux is found for
one tower height, it is stra1ghtforward to ca]culate the dependence for other
tower heights. Furthermore, since Eq. (I1II.D-1) describes the flux over the
entire image plane, the flux can be projected onto any receiver as long as
the receiver dimensions are small compared to the slant range.

It is assumed that the total energy in the flux distribution is reduced
by shadowing and blocking, but that the spatial distribution is taken as
proportional to that of an unshaded and unblocked heliostat. This is generally
justified because shadowing and blocking losses are usually small and the
convolution of the mirror shape with the sunshape and errors reduces the
effect of chadowing and blocking on the flux profile.

The ability to use one flux calculation to predict the flux from a
given heliostat design on any tower or receiver is the main strength of
DELSOL.

The speed of the Hermite method results from the fact that a severely
truncated polynomial (6th order) expansion is an accurate approximation to
the flux density. As discussed in reference 5, the accuracy of the Hermite
method increases as the error sources of heliostat performance and/or their
effect on the flux profile become larger. Specifically, DELSOL becomes more
accurate in predicting the flux and spillage when: (1) the errors increase;
(2) the slant range increases; or (3) the size of the heliostat is reduced
(either physically or effectively by focusing or canting).

To calculate the fraction of the flux intercepted by the receiver,
equation (ITI.D-1) must be integrated over the projection of the receiver on
the image p1ane. The resulting two dimensional 1ntegra1 can be evaluated
analytically in one dimension and numerically, us1ng a 16 point Gaussian
quadrature, in the other.

II1.D-1. More Accurage Images from Canted Heliostats--The normal method
used 1n DELSOL s a single Hermite series to represent the heliostat's image.
When the heliostat to receiver distance is small this can result in a blurring
of the sharp edges of the image. A slower running option which calculates a
more accurate image is available for canted heliostats (INDC=1 in Namelist
HSTAT). The location of the center of the image from each cant panel is
calculated. Then a separate Hermite series is used to represent the image
from each cant panel. This option can only be used in performance calculations
with a single aimpoint at the center of the receiver (IAUT@P=1, Namelist
REC). Its affect on an optimized system can be determined by rerunning a
performance calculation on the optimized system with INDC=1.
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“IIT.E. Time Indepéndent Losses

The hourly and seasonal variation of: a) atmospheric attenuation from
the heliostat to the receiver, b) receiver radiation and convection losses,
" and c) piping insulation losses, are assumed negligible. In addition, mirror
and receiver reflectivity, the thermal to electric conversion efficiency, and
parasitic loads are represented by constant time averaged values.

II1.E-1. Atmospheric Attenuation: Heliostat to Receiver--The seasonal
variation of atmospheric attenuation at ground level for the test locations of
Barstow and Albuauerque (based on constant visibility) is reported to be small
(ref. 20) and is ignored in DELSOL. However, the effects of local altitude
and visibility are not. DELSOL offers two options, identified by the user's
choice of the parameter IATM in the BASIC namelist:

1) IATM = 0 Clear day, Barstow (visibility = 23 km)

Loss (%) = 0.6739 + 10.46 R - 1.70 R2 + O.2845R3 (ref. 15) (I11.E-1)

2) IATM =1 Hazy day, Barstow (visibility = 5 km)
Loss (%) = 1.293 + 27.48 R - 3.394 R® (ref. 15) (I11.E-2)

3) IATM = 2 User defined attenuation
Loss (fraction) = ATM1 + ATM2 R + ATM3 RZ + ATM4 R3 ' (IT1.E-3)

where R is the slant range (heliostat to receiver) in km. The first two
equations are graphically presented in Figure III-2. Similar equations for
Albuquerque are also given in reference 20, but these are not currently
available as an option in the code. The default choice is the clear day
model: '

IATM = 0

IIT.E-2. Mirror and Receiver Reflectivity--While it is known that mirror
reflectivity can degrade between washings (ref. 21), it is assumed constant
along with receiver re-reflectivity. Default values are (namelist variable
" name in parentheses):

0.89 (glass, average between washings;
ref. 16)

Mirror reflectivity (RMIRL)

Receiver absorption (RRECL) = 0.965 (=1.0- receiver reflectivity; default

value for external molten salt
design)
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IIT.E-3. Radiation and Convection Losses from the Receiver--Both the
design point and a yearly average efficiency are calculated based on the
assumption that the power loss due to radiation and convection is proportional
to either: 1) the area of an external receiver, or 2) the total aperture area
in a cavity design; i.e.,

where AR = external receiver, total aperture, or total flat plate area,
@ = proportionality factor.

In other words, PLOST R is the same at any time of the day or year. Implicit

in the assumption is that the same temperature profile is maintained on the
receiver at all times and for any receiver size by adjusting the fluid
flow rate, and that convective losses vary insignificantly with time.

Letting "RC .R.DP be the design point efficiency based on receiver radiation
and convection losses, then:

Pen,R = PLOST,R

n =
RC,R,DP Pth, R

(ITI.E-5)

“RAR

=1 -5
th, R

where Pth R = gross thermal power absorbed by the receiver at the design point.

Similarily, let NRC.R.AVG be the yearly average efficiency, its
value is given by: > ‘

; _ Eror,r-tMop * PLost !
RC,R,AVG ETOT,R - ‘
_ 1 Fop X g
EroT,R
where ETOT R ™ total gross energy absorbed by the receiver per year,
HOP = total number of hours of plant operation in direct, non-

storage mode.

ITI-1



o is determined from some reference design for which the radiation

and convection losses have been calculated in more detail. Rearranging
equation (III.E-5),
w = (1= n ) —th:R (111.E-7)
R "RC,RT AT -E-

where the variables have the same mcaning as ahove and the ° superscripl refers
to the reference. Current default values correspond to an external molten
salt receiver with flow from the bottom to the top of the receiver panels;
”Rr R should be calculated based on average ambient conditions (wind speed,

temperature etc.).
nRC,R (REFRC) = 0.83

th R (RCFTHP) = 4.17 x 108 walls

-] ey s 2 N
Aq (AREF} = 2165.0 m

I11.E-4. Insulation Losses in Piping Runs--Only single module designs
are considered, and the following two assumptions are made:

1) The hot piping run can be expressed as some constant, Loy times
the tower height, so that the total length is:

p = py X THT (ITI.E-8)

%py should include the ground run to storage and the electric

generating subsystem (EPGS) plus any necessary expansion allowances.
The default value is based on an advanced salt design with storage
and EPGS within one THT of the base of the tower plus a 30% increase
,for expansion:

LoH (FPLH) = 2.6

2). The pipe diameter, Dp, scales directly with the square root of the
flow rate, which is, in turn, directly proportional to the design
thermal power delivered to the downcomer from the receiver. Refer-
ring to the previous section for nomenclature:

1

P I3 (I11.E-9)

Dy, = 85(rpc R,0pPth,R

where Bp = proportionality factor.
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Piping losses are assumed to be proportional to the total pipe area. At the
design point: : :

P = al (7D ' .E~
% p(n p). (II1.E-10)

LOST,P

where % = prdportionality factor. Combining equations (III.E-8),

(IT1.E-9), and (III.E-10), and defining a$ = napo,

” 1
)2 (ITI.E-11)

a'e. T P

Plost,p = %tpu™HT (npc R Dp

th,R

Following the approach in the previous section, we let "p pp be the
. piping thermal efficiency at the design point, so that: "°*

Pth,R = PLOST,P

Pth,R

"RC,R,DP
"rC,R,DP

p,DP

» (111.E-12)
| | -1/2 |
= 1= oo THT(npe 2 0pPtn,R!

In analogous fashion, the yearly average piping efficiency, "o AVG® is
calculated assuming that PLOST P is constant through the year: ’

. _ Eror,p = Mop X PLosT,p
PLAVG ~ EroT.p
' 12 (I11.E-13)
Hop X aptpyTHT(npe o opPtn,R)

=1 -
- EToT,P

where ETOT,P = total energy delivered to piping per year (= “RC,R,AVGETOT,R)’

HOP = same as previous section.

As with finding ap in the previous section, a& is based oh a reference.

design for which a detailed calculation is available. Rearranging equation
(I11.E-12), and denoting the reference design values with a superscript ° we
get: .
( )1

1 - n2)(np~ oP% 2 ‘ ‘

. pLFRC’R th,R (I11.E-14)

' _
ap =

ITI-13



Current default values are based on a salt design (“ﬁc R and P;h R
given above): ’ ’

n% (REFPIP) = 0.998
Lo (RCFLP) = 170.0 m

I11.E-5 Thermal/Electric Conven§iqqﬂEffigjencx--There are two options
for the design point thermal to electric conversion efficiency, "E . REF’
identified by the user's choice of the parameter ITHEL: ’

1) ITHEL = O "E,REF

by the user.

constant at all design point power levels; value specified

2) ITHEL # O "“E REF varies with gross design point electrical outpdt based on
reported plant performance and designs (refs. 22-24).

The fit for option (2) is plotted in Figure III-3. For calculating total
yearly electrical energy production, the yearly average thermal to electric
conversion efficiency, NTEAVG? i5 cxpressed as some fraction, fEFF’ of the

design point value in order to account for off design operation of the turbine
plant:

(II1.E-16)

"re,av6 = TEFFTE,REF
Default values are:
ITHEL = 0
nrg_pep (ETAREF) = 0.42
fopp(FEFF) = 0.95

III.E-6. Process Heat Production--In design problems where only thermal
energy is desired (i.e., no electrical production), the code can be flagged
through variable IPH to override automatically the default electrical con-
version calculation. A non-zero value of IPH in namelist NLEFF will set the
following variables to the indicated values:

ETAREF = 1.0 (Section III.E-5)
FEFF = 1.0 (Section III.E.5)
CEPGS = 0.0 (Section IV.A-10)
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REFPRL = 0.0
FSP = 0.0
FeP = 0.0

Output energy costs remain in mills/kw-hr, and energy headings in MWe (although
this is now the same as MW¢p).

IIT.E-7. Storage Efficiency--Round trip Tosses through storage are
accounted for through variable EFFSIR, which is the net thermal efficiency, or
(1.0 - round trip loss), of the energy sent to storage. The default value is
consistent with a few hours of high temperature nitrate salt storage.

FFFSTR = 0,99

III.E-8. Parasitic Loads--The power rating and net yearly energy pro-
duction of the plant include parasitic load factors (PL). At the design
point:

MwE,net = (1- PLREF) MwE,gross (I11.E-17)
Over the yéar:
where KW-HR includes an assumed weather outage.

gross
PLREF and PLave differ from each other because operation from storage

requires less power than daytime receiver operation in which the heliostats
and tower pump are used. Assuming that storage operation requires some
fraction, fs’ of the design point parasitic load,

HroecPlrer + HrstorfsPLrer (
PL, .. = 111.E-19)
AVG
Hreee + HrsTor

where HrREC hrs/day of receiver operation,

HROP /365 (Section III.E-3)

Hr

SToR = hrs/day of storage operation
_ __Energy stored (also see "Cost Model" section
MW /n
E,gross’TE,REF for discussion of energy stored

calculation)
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An additional parameter, FEP, is specified as the fraction of REFPRL required
for operation of the turbine/generator subsystem.  When a detailed performance
calculation of a user defined field is carried out (see Chapter VI), FEP is
required for energy accounting during those time steps when the field is still
operating, but is no longer able to supply full turbine power requirements.

Default values are based on an advanced salt system:

PLREF (REFPRL) = 0.10

fS (FSP) = 0.5

FEP = 0.0

I11-17/18 .
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IV. System Cost and Economics

While DELSOL can be used to calculate field performance only, as described
in earlier sections, it also has capabilities for total system design. In
DELSOL an optimal system des1gn is that combination of tower height, receiver
size, and Field Tayout which gives the lowest system energy cost at a given
des1gn power level and solar multiple*. In order to calculate the energy
cost, both system performance, as discussed in previous sections, and system
capital and operating costs must be determined. The subsystem cost models for
estimating the total capital cost and the economic model for calculating the
levelized energy cost are discussed below.

IV.A. Cost Model

The total capital cost, CCt, is ca]cu1ated as the sum of the costs of
several subsystems:
CC; = (cC

+ CC + CC

HEL
+ CC

LAND
+ CC

WIRE

TOW REC

+ CC + CC + CC + CC + CC

PuMP PIPE STORAGE HTXCHG EPGS

+

Clrrxen’

x (1.0 + DI + CONT + SPTS) : (IV.A-1)

As discussed in detail in Chapter 5, the optimization scheme considers one
"tower height/receiver size combination at a time and then builds up the
heliostat field zone by zone until the desired power level(s) at the specified
solar multiple is achieved for that tower and receiver. Capital cost components
can be grouped according to that point in the field build-up at which they are
calculated. The line grouping of the costs above is to clarify those which

are similarly calculated. The tower and receiver costs (CCTOW’ CCREC) are

fixed by the values of tower height and receiver dimensions for each pass
through the field buildup subroutine MAX. Heliostat, land, and wiring costs
(CCHEL, CCLAND’ CCWIRE)’ are updated with each zone added in the field build-
up. The power (i.e., system size) related costs of piping, pumping, storage,
heat exchangers, and EPGS (CCPIPE’ CCpymp? CCSTORAGE’ CCHTXCHG? CCEPGS’

respectively) are calculated as each des1gn level is reached. It is assumed
that certain fixed costs (CCFIXED) .g., master control, administration

*The solar multiple specifies total system collection and storage size. It is
the factor multiplying the minimum requirement for thermal power at the base
of the tower to meet the specified power delivered to the process at the
design point. Thus, a solar multiple of 1.0 means that the field, receiver,
and tower are designed to deliver only that power to meet design point
requirements. A solar multiple of two means that the design point thermal
power at the base of the tower is twice that required for the defined plant
rating. In this case the excess is stored. ‘
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buildings, roads, etc., are common to all the systems. Factors for distribu-
table and indirect costs (DI) to cover architectural and engineering services,
contractor fees, and temporary facilities, for contingencies (CONT), and for
spare parts (SPTS) are added to the basic capital cost of the major component
subsystems. Values are expressed as a fraction of the total direct costs.
Current. default values are based on nth plant design and construction:

DI (EXT) = 0.16
CONT (CONT) = 0.12
SPTS (SPTS) = 0.01

The individual capital cost models are described below. User supplied
cost parameters should include materials, fabrication, and field installation,
and subcontractor fees and contingencies, if any. The default values are
consistent with a 100 MwE net salt design using a high reflectivity glass

heliostat (ref. 25). Should the user desire to set any subsystem cost to zero
to eliminate its contribution to the system design, then the input cost
parameters, not the size or scaling parameters, should be set to zero.

IV.A-1. Heliostats

$ .
cC =C, ( ) x total mirror area
HEL H m2 mirror area
zones
=C, ) zone mirror area (IV.A-2)

H

Zone mirror area ié determined from the zone density and land area. Default
Cy (CH) = $75.00/m" applies to a high reflectivity glass heljostat. (This

value of $75/m2 for glass heliostats is consistent with stated cost goals
for large scale production.)

IV.A-2. Land

$
cc =C ) x total land area
LAND L m? land

Zones

C. Y zone land area : (IV.A-3)

CL should include site preparation costs. Default CL (CL) = $].3n/m2.
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IV.A-30 W'il"ing

zones
Cutre = L (CN,R Ry +Cy 4r BR; + Cy. ahz 8Az;) x # heliostats in zone i
(IVOA-4)
where Ri = radial distance from the tower base to zone i;
ARi = average row spacing in zone i;
AAzi = average spacing between heliostats on the same

row in zone i.

This model was supplied with the field performance results from reference 6.
It is designed to pena11ze heliostats placed farther out due to requirements
of larger (or more) primary cables as the field grows radially from the tower,
and longer plowed in secondary line runs as the mirror density decreases
with distance from the tower. From the defined zoning and density option in
namelists FIELD and @PT, R., AR5 and Az, are known. Default values for the
wiring cost parameters are.

CW,R (CWR) = $0.0475/m

w AR (CWDR) = $0.4889/m

CN,AAZ (CWDA) = $13.20/m

IV.A-4. Tower
~ Xrow
CCTON = CTOWI + CTOWZ THTB + CTON3 THTB (IV.A-5)
where  THT; = base tower height (m);
Xrow = exponent greater than 1 (usually between 1.8-2.2).

THTB is the actual tower height from the ground to the bottom of the
receiver; it is related to THT by

THT. = THT + HM/2.0 - H/2 (IV.A-6)

B
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where HM = height of a heliostat;

H

height of the receiver.
The user has 2 options for calculating the cost of the tower:

a) ITHT = 0; cost bascd on Sandia studies (ref. 26):

THTB > 120 (concrete tower)
Croy(8) = 3.02864 x 10% - 2.33415 x 10* THT, + 1.47152 x 102 THT§

THTB < 120 (steel tower)

= 1.6292 x 107 THT?

Crowt®)

b) ITHT = 1; user supplies values for CT@W1, CT@W2, CTOW3, XTOW in namelist

The tower cost for option a) is plotted in Figure IV-1. The default is option

a): ITHT = O,

IV.A-5. Receiver

a) External and flat plate receivers:

A REC
(el ) ~ (IV.A-7)

Clpep = C
REC ™ “REC,REF ‘Apcc per

where Cpec pep = COst of a reference design ($);

A heat transfer area of the reference design,

. REC, REF same as in tower cost model (external receiver, m2);
, AREC = heat transfer area of receiver being evaluated, 2
same as in tower cost model (external receiver, m®),
XREC = scaling exponent for receivers, <1.0.
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The equation is of a form commonly used in the chemical process industries
(refs. 27,28), and the scaling with area results from the fact that the
receiver is a specially designed heat exchanger. For external receivers the
area is simply the product of 5 times the diameter (W) times the height (H).
For a flat plate receiver the area is RX*RY. Default values are for an
external cylindrical salt receiver:

6

c (CREC1) = $4.21 x 10

REC ,REF

3 m2

A (ARECREF) = 2.165 x 10

REC,REF

XREC (XREC) = 0.8

b) Cavity receivers--The cost equation is of the same form as equation
(Iv.A-@) abave far external and flat platc rcccivers. The heighl uf the heat
ahsorbing surface is calculated so that at the given cavity depth, W/Z x
RWCAV, a ray from the ncarcst heliostat through Lthe center of the aperture
intersects the top of the surface. A ray entering the bottom of the aperture
from the farthest heliostat determines the bottom of the heat absorbing
sirface. The equation used to calculate the height of the heat absorbing
surface for each cavity is:

RMIN-W/2+W/2xRWCAV
RMIN -"W/2

HCAV = (THT+RY/2xSIN(180.-RELV)) x ( ) - (THT-RY/2xSIN(180.-RELV))

X RMAX-W/2+W/2 xRWCAV
RMAX-W/2+ xCO0S =R (IV.A-8)

where RMIN and RMAX are the local minimum and maximum radii for the optimized
field.

The circumferential width of the heat absorbing surface is that portion
of the cylindrical surface which can be seen through the aperture by the
section of the field active for the cavity. Rays from the nearest heliostats
on the boundaries of this sector are used to calculate the fraction of the
surface seen (see Fig. IV-2b). As discussed in Section V.A-3(c), the height
of the cavity will be extremely sensitive to the choice of RADMIN. The user
may find it necessary to rerun the code with values of RADMIN larger than the
default in order to obtain a reasonable value for H.

IV.A'G. pumpS

cc c (IV.A-9)

pump = Crp * Csp
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where Cpp = receiver/tower pump cost;

Csp = storage pump cost

The scaling parameter for pump costs is the product of the head times the
capacity (ref. 27). We assume a reference design for each pumping system.

For the receiver pump, the head is proportional to the tower height, and the
flow rate is the total fluid flow, i.e., EPGS and storage requirement,

which is proportional to the solar multiple times the thermal power transferred
in the heat exchangers. For the storage pump, the head is assumed to change
negligibly from the reference design, and the flow rate is proportional to the
thermal power only (i.e., EPGS requirement). These assumptions lead to the
-following equation for the pumping costs:

THT x SM x P
X SM

th )XRP

ce X P
RP,REF th,RP,REF ' (IV.A-10)

pump = Crp,rer (TRT

RP,REF

Pin )xsp

| :
SPLREF “Pii op REF

+ C

where CRP REF = cost of reference receiver/tower pump ($);

THT = tower height (m);
SM = solar multiple;

P, = thermal power to EPGS (watts);

THT = tower height for reference receiver pump design (m);
RP,REF

Mpp REF = solar multiple for reference receiver pump design;

Pth,RP,REF = thermal power to EPGS in reference receiver pump
system (watts);
Xpp = scaling exponent for receiver pump;
Csp,per = cost of reference storage pump ($);
'Pth,SP,REF = thermal power to EPGS in reference storage pump
system (watts);
Xgp = scaling exponent for stofage pump.
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Default values are for a molten salt system: .

$0.671 x 10°

CRP,REF(CRPREF)

THTRP,REF(TRPREF)

SMRP,REF(SMRP)

(PRPREF)

170.0 m
1.5

p 2.6 x 108 watts

th,RP ,REF
- *
Xop(XRP) = 0.85

' 5
CSP’REF(CSPREF)

$1.51 x 10

(PSPREF) = 3.0 x 10° watts

Pth,sp,REF
0.15**

xSP(XSP)

IV.A-7. Pipes

D )XPIPE
DReF

cC = THT(2 C ) (

PIPE PH “HoT,REF * *pC (1V.A-11)

COLD,REF

where 2., = multiplier on THT to give total hot piping run as described
PH . . —
in Section III.E-4;

CHOT REF = reference hot pipe cost, including pipe, insulation,
’ fittings, hangars, supports, installation ($/m);

QPC = multiplier on THT to give total cold piping run (can be
different from RPH if expansion aI]owance is less);

CCOLD,REF = reference cold pipe cost, as above ($/m);

D = pipe diameter (m);

Dpef = reference pipe diameter (m).

(See ref. 29 for pipe cost scaling relation.)

The pipe diameter is assumed to scale with the square root of the flow rate,
which is in turn proportional to the product of the solar multiple times the
design point thermal power delivered to the process:

SM x P ‘ 1/2 :
D . ( X Ten ) / (IV.A-12)

Drer "Mp1pe,ReF*" th,PIPE REF

~HCapacity x head large (ref. 27).
**Capacity x head small (ref. 27).
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SM x Pt

) h )XPIPE/Z
COLD,REF™ “SMp1pe ReF*Ptn,P1pE ,REF

(IV.A-13)

c C

PIPE ~ (%54 HOT,REF * *pc

Default values are hased on a molten salt design in which hot and cold runs
are the same length (allowing the total reference cost to be put in either

Cuot,ReF ©" Coorn,per):
Ly(FPLH) = 2.6
zpé(FPLC) = 2.6
ChoT, Rer (CHPREF) = $1.32x10%
CooLp, rer (CCPREF) = $0.0/m
‘SMPIPE’REF(SMPI) = 1.5
Pen.p1ve rep(PPIRCF) - 2.6 X 107 watts
Xpypg (XP1) = 1.06 (ref. 23)

IV.A-8. Storage

. ' X "
T A Lo Meery) Y ST Vg
STORAGE STOR | “TK,REF NsTOR V}K,REF MED,REF VTK,REF
(IV.A-14)
where NSTOR = numher of storage tanks, or hot/cold pairs;
"EMPTY-= number of spare tanks;
CTK REF = reference storage media containment cost (including
’ hot and cold tank pair, if so designed, insulation,
foundation, valving, etc.) ($);
CMED,REF = reference storage media cost ($);

VTk = tank volume (m3);
v = reference tank volume (m3);

= scaling exponent for tanks.
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is determined from an assumed maximum volume per tank:

NSTOR
o Ystor
STOR ~ V' wax

where Vorog = total volume required for storage (m3);

v = maximum tank volume (m3),

TK ,MAX

and for non-integer values, ngyop 'S rounded to the next highest integer.
The total storage volume is related directly to the energy in storage:

Y FSTOR (IV.A-15)
STOR = VTK,REF (Ecronoer

v

where ESTOR is the energy in storage. The individual tank volume is:

v
v — _STOR
VTK = feToR (IV.A-16)

assuming that multiple tanks will be constructed of equal volume. (Note:
Since VTK MAX is a user supplied value, it can be chosen sufficiently

large if only a single tank design is desired.)

In DELSOL storage is initially sized for the excess energy production on
the longest day, June 21st. The calculation of ESTOR is illustrated in Figure

IV-3. Its value is determined by a numerical integration to give the shaded
area in the figure. The nominal number of hours of storage is simply ESTOR
divided by PDES' This storage size is used in the optimum total system

design. However, this simplified approach often leads to a larger than
optimal size storage system. The user is therefore given the option of
rerunning a given design in a detailed performance calculation in which the
storage size is incrementally decreased until a minimum energy cost is found.
The details of this option are discussed in Section V.A-7.

Default values are based on a salt hot tank/cold tank design:

neyp7y (EMPTY) = 0.0
Cre_per (CSTREF) = $4.593 x 10°
Cyep, ger (CSTRMD) = $3.22 x 10°
Vo _pep (VSTREF) = 4.078 x 108 >

xST(XST) 0.6 (ref. 23)
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v (VMAX) = 1.23 x 10% m3

TK ,MAX
(ESTREF)

E 9.0 x 108 yatt-nrs

STOR,REF

‘\IV.A 9. Heat Exchangers

1. ICHE = 0 ; cost scales with thermal power:

P | HELP
¢ =C (IV.A-17)
HTXCHG HE ,REF PEBTEETEE;
where CHE REF ~ reference heat exchanger subsystem cost ($);
Pth,HE,REF = reference design thermal power (watts);
Xug,p = scaling exponent

Default values are based on proposed molten salt designs, and the total
subsystem cost includes an evaporator, superheater, and reheater:

' _ 6
’CHE,REF (CHEREF) = $1.525 x 10
- 8
Pth,HE,REF (PHEREF) = 3.0 x 10° watts
X4, p (XHEP) = 0.8

2. ICHE#0; cost scales with individual heat exchanger areas:

, ! X _ X
“hxcre = "ouCpH, REF Irjﬁﬂi“ o NevlEV REF lrfﬁat"‘ -
; PH , REF , EV,REF
' X ' X,
* nsyCon REF Tr‘lkii' = NRHCRH , REF Irlﬁyi‘“ -
, SH,REF ; RH, REF

(IV.A-18)

where subscripts PH, EV, SH, RH refer to the preheater, evaportator, super-
heater, and reheater, respectively, and:
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number of type i heat exchangers;

n, =
i
C; pep = reference cost of single type i heat exchanger ($);
A; = area of heat exchanger i (mz);
A1‘REF = area of reference typc i hcat cxchanger (mz);

xHEiA = scaling exponent.

i
heat exchanger:

n. 1s calculated from a specified maximum area Ai MAX for a type i

A,
1
n, = (IV.A-19)
TRy MAX A
where
A, = A, Ptn (1V.A-20)
T T9L,REF APy S ReF
and
A
A..i S e— (IVOA-Zl)
i

For non-integer values of nj in equation (IV.C-19), it is rounded to the next
highest integer. Default values are based on sodium hockey stick designs

(ref. 30), and no preheater is included. (Salt heat exchangers have not yet
been studied in detail by the authors for costing according to this option.)
Also, Ai MAX is set sufficiently large so that only single units will be built.

Cop pgr (CPHREF) = $0.0
] ?
Aoy per (APHREF) = 1.0 m
Row.wax (APHMAX) = 1010 n?
Pen.pi.Rer (PPHREF) = 1.0 vatt
Cey per (CEVREF) = $3.77 x 10°
Aey ger (AEVREF) = 1300.0 m’
Agy wax (REVMAX) = 1010 n
8

(PEVRCF) = 2.6 x 10° watts

Pth,EV,REF
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(CSHREF) = $1.24 x 10°

"Csh,RerF
Agy rer (ASHREF) = 400.0 m?

Agy wax (ASHMAX) = 1010 n?
Ph.si.rer (PSHREF) = 2.6 x 10° watts
Cou. rer (CRHREF) = $1.38 x 10°

Ay Rer (ARHREF) = 310.0 m?
A max (ARHMAX) = 100 P
Pen,ru,rer (PRHREF) = 2.6 x 108 vatts

XHE,A (XHEA) = 0.6

IV.A-10. Electric Power Generating Subsystem (EPGS)

X
"re,ReF Ptn| EPGS

cc = C¢ (IV.A-22)
EPGS EPGS,REF ( pEPGS,REF

where C = cost of reference EPGS subsystem (turbine plant
- EPGS,REF  2nd electric plant) ($);

P = gross power rating of reference subsystem (watts);

EPGS,REF

= design point thermal to electric conversion efficiency

nTE’REF (see section III.E-5).

Default values assume a 112 MW

output and constant = for
all power levels. "E ,REF

E, gross

$27.3 x 10°

1.12 x 108 watts

CEPGS,REF (CEGREF)
PEPGS,REF (PEGREF)
“E REF (ETAREF) = 0.42

1

(XEPGS) = 0.8

*EpGS

Note: This cost is automatically set to zero for a user specified industrial
process heat design (IPH # O in namelist NLEFF).
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IV.A-11. Fixed Costs--It is asumed that regardless of plant size, all
plants have some common field costs (e.g., buildings and roads, master control,
etc.). The default is estimated from a 100 MwE net salt system.

_ 6
CCFIXED (CFIXED) = $7.0 x 10

IV.B. Calculating the Levelized Engrgy Cost

Based on the total capital cost, CCT, estimated from the models

discussed in the previous section, a levelized (or discounted average) cost of
enerqgy over the lifelime of the plant 1§ calculated as follows (ref. 31,32):

1) The total investment at startup, CCST-UP T will be the current capital

cost estimate, CCT, escalated to the first year of construction, YCON’

plus the interest on the borrowed investment during construction, iDC:

- . (Y - 1981)
CCST-UP,T (1.0 + 1DC) (1 + £SC) " 'CON CCT (1v.B-1)
In current dollars,
cC ‘
ST-UP,T
cc = 2 (1v,B-2)
ST-UP,81% - : TrE
(1+r, ) Neon - 1981)

where inf is the general rate of inflation (not necessarily
‘equal to the capital escalation rate).

2) The levelized energy cost includes both capital recovery and operating
and mainltenance charges. The 0&M charges are calculated as a ?eve]ized
percentage of the capital cost; DELSOL splits 0&M charges into
heliostat and non-heliostat rates:

(FCR x ccST_Up’T) + (O&MH,LEV X ccST_UP,H) + (O&MBALLLEV X ccST_UP,BAL)

LEC = (1 ) x KH-HR
PF x (1~ PL, ) X Kii-

(Iv.B-3)
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where FCR = fixed charge rate, i.e., annual charge against the
capital investment to account for returns to shareholders,
taxes and insurance, depreciation, debt cost, discount
rate;
O&MH,LEV = levelized heliostat 0&M rate;

CCsrup H = heliostat subsystem capital investment at startup (includes
’ land and wiring);

0&M = levelized balance of plant 0&M rate;

BAL,LEV
CCST-UP,BAL = balance of plant capital investment at startup;
PF = plant factor for scheduled maintenance;
VPLAVG = average parasitic load, as a fraction of the gross

plant output (see also section III.E-6);

4Kw-HR = net total yearly energy production (kw-hr) at 100% plant
factor; i.e., no scheduled shutdowns, but weather outage
included.

IV.B-1. Fixed Charge Rate--The user is allowed one of two options for
the fixed charge rate, FCR:

1. IFCR = 0; user specified value of FCR (value of DISRT should be consistent).

2. IFCR # 0; FCR calculated by DELSOL based on user supplied values of
economic parameters.

FCR = PTI + “‘?{%9%}%}2’1‘29) © (1V.B-4)
where PTI = annual property tax and insurance rate;
ITC = investment tax credit; |
ITR = income tax rate;
DEP = depreciation allowance, discussed below;
fDIS = discount factor, discussed below.
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a) Depreciation Schedules--With option b) above (IFCR#0), the user is allowed
one of two choices for calculating the depreciation allowance:

1) IDEP=1; straight line schedule:

YDEP (1.0/Y,.p)
pEp = ) - DEP . (IV.B-5)
y=1 (1.0+rdis)
where YDEP = depreciation life of the solar plant (yrs);
rprg = discount rate (see below).
2) IDEP=2; sum-of-years digits schedule
"oep 2(Ypp-y+1)
DEP = § DEP (IV.B-6)
=1 y
y YDEP(YDEP+1)(1+rDIS)

b) Discount Rate and Discount Factor--The discount rate ) is the effective
cost of money to the owner and includes both debt cost and }gturn on equity
requirements according to:

rprs = [(1.0-ITR) x fp x ip]l + (1.0-fy) x ROE (1V.B-7)
where fy = debt fraction; -
iD = debt cost (interest rate on borrowed capital);
ROE =

before tax return on equity.

(Note that rp;c = ROE for f = 05 i.e., 100% equity financed projects.)

The discount factor is:

Y
fors = 3 1.0 | (IV.B-8)
=1 ¢ Yy
Y= (1.04rp¢6)

where Yyp = economic operating life of the plant (yrs).
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IV.B-2. Levelized 08M Rates--The levelized 0&M rates are determined from
the initial rate, 0&M;; the yearTy inflation and discount rates, rijpf and
rdiss respectively; and the plant operating life, Yop:

Y
op 08M,
0&M ., = §
LEV =1 (1 + rdis)y
Yop 1
y:]_ (1 + rdis)y
Yop (1 + rinf)y
-o08M, §
i y -
Yop 1
21_ (1 + rdis)y
Default values are:
ipc (AFDC) = 0.15 (5-year construction period)
ESC (ESC) = 0.08
Yooy-198L(NYTCON) = O (plant construction begins now)
Yinf (RINF) = 0.08
IFCR = 0
FCR (FCR) = 0.159
O&Mh j (RHEM) = 0.015
O&MBAL,i(RNHﬂM) = 0.015
PF(PF) = 1.0
rDIS(DISRT) = 0.0996

PIT(PTI) = 0.025

ITC(TC) = 0.10

ITR(TR) = 0.48
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f, (FDEBT) = 0.543

i (RDEBT) = 0.11
ROE(ROE) = 0.15
. IDEP = 2

Yocp(NDEP) = 24

Y (NYGP) = 30
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V. System Optimization

V.A Optimization Variables

DELSOL can perform an efficient search for the combination of system
design variables that minimizes the levelized energy cost (LEC). The design
parameters which can be automatically varied by DELSOL are listed in Table
V.1. The design parameters that are held constant during an optimization
search are listed in Table V.2. This second set of variables can be optimized
by performing several DELSOL optimizations, each run having different values
for these variables. In addition, DELSOL can optimize the system design
subject to constraints on the receiver fluxes and on the land available for
the heliostat field. (Unless indicated otherwise all variables mentioned in
Section V are in Namelist @PT.)

V.A-1. Design Point Power Level--DELSOL can simultaneously optimize
systems at NUMPPT (< 20) equally spaced discrete design point power levels
from a minimum value of PPPTMN to a maximum value of PPPTMX watts. . The
design point occurs at REFTIM hours past solar noon on the REFDAY day of the
year (namelist BASIC). The insolation at the design point is REFSOL kw/m2
(namelist BASIC). In Version 1 of DELSOL it was recommended that even if the
user desired only one design power, he should also specify lower design powers
in order to speed up the search algorithm. This is no longer true in Version
2. If only one power level is desired, then the user should specify only one
power level.

V.A-2. Tower Height--DELSOL can search over NUMTHT (< 20) equally spaced
discrete values of the tower height from a minimum value of THTST m to a
maximum value of THTEND m. The user is reminded that tower height is defined
in DELSOL as the elevation of the midpoint of the receiver above the plane of
the heliostat pivot (see Figure II-12).

V.A-3. Receiver Dimensions--DELSOL can search independently over two
receiver variables. The choice of the variables depends on the type of
receiver.

a) External Receiver--The first receiver variable for an external receiver
is the diameter W. There are NUMREC (< 20) equally spaced discrete values of
W from a minimum of WST meters to a maximum of WEND meters. The second
receiver variable is the ratio of the receiver height H to the receiver width
W. There are NUMHTW (< 20) equally spaced discrete values of H/W from a
minimum of HTWST to a maximum of HTWEND.

b) Flat Plate Receiver(s)--The first receiver variable for a flat plate
receiver is the horizontal dimension of the first flat plate, RX(1). There
are NUMREC (< 20) equally spaced discrete values of RX(1) from a minimum of
WST meters to a maximum of WEND meters. The second receiver variable is
the ratio of the first plate's vertical dimension to its horizontal dimension,.
RY(1)/RX(1). There are NUMHTW (< 20) equally spaced discrete values of
RY(1)/RX(1) from a minimum of HTWST to a maximum of HTWEND.
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TABLE V.A-l L)
DESIGN PARAMETERS VARIED DURING OPTIMIZATION
Note that some of the variables can have only discrete values

(e.g., either 100 m or 120 m tower heights) while others are
varied continuously.

- Desiyn pouint power level (discrete values)

« Tower height (discrete values)

+ Receiver dimensions (discrete values)

- External cylinder
Height and diameter

- Flat plate(s)
Height and width

- Cavity(ies)
Height and width of aperture
-0r-
Width of aperture and depth of cavity

* Tower location for land constrained system (discrete values)

* Field boundaries (continuous values)

+ Heliostat spacings (continuous values)

* Storage capacity at a given solar multiple (discrete values)
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TABLE V.A-2.

DESIGN PARAMETERS HELD CONSTANT DURING A
SINGLE DESIGN OPTIMIZATION RUN

These parameters can be optimized only by doing severé]
runs, each with a different value for the parameter of
interest.

* Site

Latitude

Insolation

Weather

Atmospheric attenuation

* Field

- Type (surround or north-only zoning)
- Heliostat layout pattern
- Minimum and maximum radial boundaries

* Heliostat
. = A11 design parameters
* Receiver
.- Receiver type (external cylinder or flat plate or cavity)
- Orientation of cavity aperture or flat plate

- Ratio of dimensions of 2nd, 3rd, 4th apertures or flat
plates (if any) to that of the 1lst-

* Solar Multiple




In the case of multiple flat plate receivers all receiver dimensions are
assumed proportional to the first receiver's dimensions. RX2TRX, RX3TRX,
RX4TRX are the ratios of the second, third and fourth plate's horizontal
dimension to the first plate's horizontal dimension. The vertical/horizontal
ratio, RYTRX, is assumed the same for all plates.

c) Cavity Receivers--Cavity receivers are more complicated to design than
other receiver types. Not only must the size of the aperture be determined,
but also the depth of the cavity and the size of the heat exchanger surface
within the cavity. Thesc are more design parameters Lhan DELSOL can vary at
one time. Therefore, a single automatic optimization of a cavity receiver is
not possible. However, DELSOL has the capability to run a series of optimi-
zation and performance runs that will lead to a good cavity design. Different
pairs of receiver variables are selected in sequence. First, the width of the
aperture and depth of the cavity are optimized (I@PTUM-2). Second, the
aspect ratio of thc apcrture is optimized (I@PTUM=1). Finally, performance
runs are used to generate flux maps within the cavity so that the user can
manually fine tune the shape of the heat absorbing surface. Each of these
steps is described below in more detail.

The first step in optimizing a cavity is to determine the aperture width
and cavity depth by specifying I@PTUM=2. DELSOL searches NUMREC equally
spaced discrete values of the width of the first aperture, RX(1), from a
minimum value of WST meters to a maximum value of WEND meters. The second
receiver variable is the diameter W of the horizontal circle containing the
cavity apertures. Since the depth of the Ith cavity is proportional to W
(RWCAV(I), Namelist REC), the second receiver variable also varies the cavity
depth. There are NUMHTW discrete equally spaced values of the width, W, from
a minimum of HTWST meters to a maximum value of HTWEND meters. W (and hence
the cavity depths WxRWCAV(I)) is determined entirely by the receiver flux
limits. There is no performance advantage (for a fixed aperture size) to
making the cavity deeper. However, there is a cost penalty for making the
cavity deeper since the size of the heat exchanger surface grows as discussed
in section IV.A-5(b). Therefore, DELSOL will not increase the depth of the
cavity above the minimum value allowed in the search, HTWST x RWCAV(L), unless
it is forced to by a flux constraint.

The second step in optimizing a cavity is to fine tune the width and
aspect ratio of the apertures by specifying I@PTUM=1. During this step the
constant width, W, specified on the REC NameT{st should be set equal to the
optimum W found in the first step. With I@PTUM=1 the first receiver vari-
able is again the width of the first aperture, RX(1). However, the second
receiver variable -is now the dimensionless aspect ratio of the aperture,
RY(1)/RX{(1). There are NUMHTW (< 20) equally spaced values of the aspect
ratio from a minimum value of HTWST to a maximum value of HTWEND.

The final step is to fine tune the shape of the heat exchanger surface
within the cavity. As described in Sections II.H and IV.A-5 the heat absorbing
surface is modeled as a segment of right circular cylinder centered on the
cavity aperture. The size of the cylinder is made big enough so that the
image from any heliostat that might be used in building up the optimal field
will be intercepted. However, DELSOL seldom uses all of the heliostats that
might be added to the field. Therefore, it is possible that parts of the heat
exchanger surface may be receiving 1ittle or no flux. To check this the user



should rerun detailed performance calculations of the optimum system to
generate flux maps on the heat absorbing surface. The user can then manually
trim the heat absorber to eliminate areas whose amount of energy collected is
not justified by the cost.

The user should also be aware that the height of the heat absorbing
surface is very sensitive to the minimum radius (RADMIN, NameTist FIELD), as
seen in equation (IV.A-8). While it 1s desirable to use the high performance
heliostats near the tower it may not be cost effective because of the increased
receiver costs. The user should try repeating the optimization with a different
RADMIN to investigate the sensitivity to this effect.

V.A-4. Tower Position (Land Constrained Only)--In a system with a land
constraint, DELSOL will search for the optimal position for the tower. The
tower does not have to be within the land constraint, only the heliostats must
be within the constraint. The code considers NUMP@S (< 20) equally spaced
discrete positions of the tower from (XTPST,YTPST) to UXTPEND,YTPEND).  XTPST
and XTPEND (YTPST and YTPEND) are in units of meters east (north) of the
center of the first land constraint rectangle. (See Sections II.B-4 and V.B-2
for more discussion on land constrained systems.)

V.A-5. Heliostat Field Boundaries--DELSOL will optimize the boundaries
of the heliostat field. The heliostat field is always constrained to lie
within the zoning defined by the user (II.B). In addition, the heliostat
field can be subjected to a land constraint as discussed in Section V.B-2.

V.A-6. Heliostat Spacings--DELSOL has an option for optimizing the
spacing of heTiostats within each zone (IH@PT=1 in Namelist @PT). The
optimization has three constraints: (1) the layout pattern is always a radial
stagger; (2) the optimized densities and aspect ratios cannot be more than
+ 20% from the initial densities and aspect ratios defined in Namelist FIELD
Trange is set by DH@PT in Namelist BASIC); and (3) the tower height cannot
be optimized simultaneously with optimizing heliostat spacings (see Section V.G.).

V.A-7. Storage Capacity--As mentioned in section IV.A-8, DELSOL will
initially size storage based on the longest operating day in order to avoid
the necessity of detailed energy flow accounting while optimizing other system
design parameters. However, in systems with large amounts of storage and/or
expensive storage concepts, it may be more cost effective to decrease the
storage capacity at the expense of discarding (or not collecting) some of
the energy from the field. DELSOL allows the user the option to carry out
this suboptimization of the storage size given the optimum design from sub-
routine MAX for the rest of the system.

First the user "turns on" the option by setting ISTR to some non-zero
value in Namelist @PT, and also by defining the NSTR equally spaced sizes
from zero to maximum capacity to be evaluated. The user must also specify the
detailed performance rerun option (IRERUN=1) as discussed in Chapter VI since
storage size optimization takes place in conjunction with the detailed energy -
flow accounting of this option. Further the user is restricted to a single
power level for rerun and hence storage optimization.
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The default values (ISTR=0, NSTR=1) allow no storage optimization.
Rerunning a specified optimum design for detailed performance would give, in
this case, system performance for the maximum size storage capacity determined
initially.

V.B. Constraints on System Design

DELSOL can éccommodate flux 1imits on the receiver and/or land availa-
bility lTimitations in system design optimization.

V.B-1. Receiver Flux Constraint--DELSOL allows the user to limit the
flux at the design point at NFLXMX (< 4) points on thg receiver surface. The
maximum allowed values are spec1f1ed_by FLXLIM(I) W/m¢ (I=1, NFLXMX), The
flux points are initially defined relative to the receiver descr1bed in the
REC namelist immediately preceeding the @PT namelist. The following steps
should be used in setting up a flux liwiled desiyn run:

(1) Define the type of receiver desired on the REC Namelist preceed1ng
the @PT namelist.

(2) Set up a grid of flux points on the heat absorbing surface of this
receiver {in Namelist NLFLUX f011ow1ng Namelist @PT). The user is
cautioned here to be careful in defining the correct flux surface, as
it may not necessarily coincide with the receiver surface (e.q.,
cavity aperture plane). The option IFLAUT=4 automatically sets up a
flux surface which is usually the one of interest, i.e., a single
point at the north center of an external receiver or the center of
the first flat plate or heat absorbing surface of the first cavity.

(3) Choose NFLXMX (< 4) points from the grid of flux points defined in
step (2) at which the flux 1imits are to be tested. Specify the
number of each point in the NMXFLX(I) array (I=1, NFLXMX) in Namelist
NLFLUX following Namelist @PT).

(4) Spegify the maximum value of the flux al each point in units of
W/mé in the FLXLIM(I) array (I=1, NFLXMX) of Namelist NLFLUX
following Namelist @PT. The peak flux 1imit may differ at dif-
ferent points because of varying tube temperatures, etc.

(5) For external or flat plate receivers select an appropriate automatic
"smart" aiming option (Section II.G, Namelist REC). "Smart" aiming
is optiona) for cavity receivers.

(6) For external or flat plate receivers, allow the height to width
ratio, H/W, to vary. For cavity receivers allow the diameter W, and
hence the cavity depth, RWCAV(I)*W, to vary.

As the receiver size is varied the flux point remains at the same relative
position on the receiver surface as illustrated in Figure V-1. For external
receivers each flux point remains at the same azimuth angle, same fraction of
the height, and on the cylinder surface (provided it was initially on the
cylinder surface). For flat plate receivers the flux point remains at the
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Fiqure V-1. Location of Flux Points as Receiver Dimensions are
‘ Varied. Flux points remain at the same relative
position as the receiver size is varied.
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same fraction of the height and same fraction of the width. For cavity
receivers the flux surface is taken as the inside of a vertical cylinder
centered on the first aperture. The displacements of flux points relative to
the center of the first aperture scale with the height of the heat absorbing
surface, calculated according to equation IV. A-8.

The fluxes at the NFLXMX receiver points will generally be less than the
maximum values allowed, FLXLIM(I). This results from the fact that the
receiver size is being varied in discrete steps and not continually. To come
closer to a given flux 1imit the user can use more closely spaced receiver
sizes, or the flux limit can be set slightly higher than actually desired
since the flux from the optimum will generally be below the limit.

V.B-2. Heliostat Field Land Constraint--DELSOL allows the heliostat
field to be constrained within a number of drb1trar11y orfented rectangles.
The input defining the land constraint is described in Section II.B-4. As
mentioned above, with a land constraint it is necessary to search for the
optimal 1ocat1on of the tower with respect to the constraint. Only the
heliostat locations are constrained. °‘The code does not require the tower to
be within the land conslraint. However, the user should make sure that land
is available for the tower.

There is an additional complication in land constrained designs when the
thermal energy is not used at the base of the tawer. In repowaring or proccss
---heat applications the thermal energy may have to be transported to a point

.near the edge of the land constraint. DELSOL does not consider the cost or
losses in the piping run from the tower position to the use point. The user
may want to fold in these effects manually. For example, consider a rectangu-
lar land constraint whose sides are parallel to the N/S and E/W directions.
DELSOL will generally prefer to locate the tower south of the center of the
land constraint. Suppose, however, that the thermal energy is required at the
northern boundary of the field. It may then be cost effective to move the
tower further north from the DELSOL optimum if the savings in the pipe run may
more than offset the increased cost of thermal energy at the tower base.

V.C. Searching Algorithm

DELSOL has to consider NUMTHT x NUMREC x NUMHTW x NUMP@S combinations
of tower height, receiver sizes and tower positins in searching for the
minimum energy costs. Figure V-2 shows a schematic of the optimization
search. There are four nested iterations of the discrete system variables:
tower height, first receiver variable, second receiver variable and tower
position. Since the zone by zone performances does not depend on the tower
location, these performances are calculated outside of the tower position
loop. For each set of system variables an optimal field is built up. At each
design point power level attained in the field build-up, the levelized energy
cost is tested to see if it is a new minimum. If it is a new minimum, the
system design, performance and costs are saved. When the iterations are
complete, the lowest energy cost system from the allowed system variations is
known at each power level.

Considering every possible combination of system variables {IALL=1) is an

inefficient way to find the optimum system(s). DELSOL, therefore, has the
default option (IALL = 0) to do a "smart" search over the receiver variables.
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»ITERATE TOWER HEIGHT

SITERATE FIRST RECEIVER VARIABLE

—»ITERATE SECOND RECEIVER VARIABLE

CALCULATE ZONE BY ZONE PERFORMANCES
FOR THIS TOWER AND RECEIVER

———————»ITERATE TOWER POSITION (LAND CONSTRAINT OMLY)

|

FIMD FRACTION OF EACH ZONE WITHIN
LAND CONSTRAINT (IF ANY)

BUILD UP HELIOSTAT FIELD
| v
- TEST FOR FLUX LIMITS

- DETERMINE PERFORMANCES AND COSTS
- TEST FOR MINIMUM ENERGY COST

TEST FOR CONTINUED POSITION ITERATION

TEST FOR CONTINUED 2nd REC. VAR. ITERATION -

TEST FOR CONTINUED 1st REC. VAR. ITERATION

TEST FOR CONTINUED TOWER HT. ITERATION

Figure V-2. Schematic of Opfimization Search



Smart searching tries to consider the minimum set of system variables neces-
sary to find the optimum system(s). The search algorithm attempts to start
iterating a variable at a value greater than its minimum allowed value and to
stop iterating a variable before it reaches its maximum allowed value. The
search strategy follows from the assumptions that: (1) there is a single,
well defined, minima in each variable; and (2) the optimum tower height and
receiver size increases when the power level increases. The existence of a
single minima allows DELSOL to stop iteraling & variable when the energy cost
is increasing at every power level that can be reached by changing that
variable. The increase of optimum receiver size with power lcvel allows
DELSOL to use the minimum optimum receiver size at a lower power level as the
starting point for the next power level. (For example, suppose the user has
allowed receiver sizes of 10, 11, 12...20. At THT = 150 the minimum receiver
size that is an optimum fur any power level is 12. Then when doing the next
tower height, say THT = 160, instead of starting to search at receivers of
size 10, DELSOL will start searching at a receiver size uf 12.)

DELSOL also contains tests to avoid searching over systems that cannot
meet the minimum power of interest. If a given tower height is too small to
meet the minimum design power level, DELSOL automatically skips to the next
tower height without searching (in vain) for the optimum receiver size.

Flux 1imited receiver designs complicate the search strategy. None of
the methods for restricting the seach can be applied until the flux constraint
is satisfied. For example, DELSOL will increase the receiver size as long as
there is a flux 1imit even though the energy costs are increasing. Flux
1imited receiver optimizations have to search over more cases than the cor-
responding non-flux limited receiver optimizations. It is particularly
important to use the coarse grid/fine grid strategy described at the end of
this chapter when optimizing with a flux limit.

A detailed summary of the optimization search 1s provided as output. The
user can follow the optimization strategy by analyzing this information. In
addition, the information on the search can give a good indication of the
sensitivity of the energy costs, performances, etc. to variation of the design
parameters (e.g., I1f 150 m is the optimum tower height but the user would like
to know what the system costs would be at 160 m or 140 m this information
is available).

V.D. Scaling Performance

As shown in Figure V-2, DELSOL must recalculate the zone by zone annual
average and design point optical performances at each new tower height and
receiver size. The code does this by “"scaling" the results of a detailed
initial performance calculation. Some minor assumptions are made during the
scaling of the performance with tower height and receiver size. The user can
check the effect of these assumptions by rerunning a detailed performance
calculation of the optimized system.

V.D-1. Cosine--The field points remain at the same relative position
(e.g., 2 tower heights north) as the tower height is varied. The angles
between the sun, heliostat and receiver are the same and therefore the cosine
is not a function of the tower height. The very small change in the cosine as
the receiver width from the tower centerline is varied is ignored.
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V.D-2. Shadowing and Blocking--The actual shadow casl by a heliostat
in the same relative field position is independent of the tower height.
However, the displacement of heliostats relative to each other in radial
layouts depends on the ratio of the heliostat dimension to the tower height.
Hence, the shadowing and blocking has a small dependence on the tower height.
The code, however, neglects this effect. For large systems, i.e., heliostat
dimension/tower height << 1, this approximation is excellent. In smaller
systems, the effect can be noticable, but the generally small amount of
shadowing and blocking even in these systems does not significantly effect
overall system performance and energy costs. In a small system design run,
the user is advised to select a tower height for the initial performance run

(THT in first REC NameTist) within the range to be searched in the optimization.
For example, if the default heliostat (7.4 m x 7.4 m) 1s used 1n a small

system design where tower heights of 30 to 50 m are being tested, the default
value of 175 m for THT should be replaced with 40 m in the initial performance
run.

V.D-3. Atmospheric Attenuation--The atmospheric attenuation is exactly
recalculated for every tower height and receiver.

V.D-4. Spillage and Flux--The variation of the annual average flux from
each zone with tower height is given analytically in the extended Hermite
polynomial expansion technique used in DELSOL. The coefficients of the tower
height dependence are determined in the initial performance calculation and
then used during the optimization to calculate the flux.

V.D-5. Design Point Performance--The design point, cosine, shadowing,
blocking and atmospheric attenuation are scaled in exactly the same manner as
the corresponding annual average quantities, as described above. However, the
fluxes and spillages at the design point are not recalculated, but assumed
equal to the annual average fluxes and spillages. This is generally a very
good approximation. :

V.E. Building up the Optimal Heliostat Field

V.E-1. No Helijostat Density Optimization--In this case DELSOL does not
try to vary the default or user defined heTiostat fields. A performance/cost
ratio, PCR, is determined for each zone:

PCR, , = -E—F—i—" (V.E-1)
? H,k,2
where k = radial zone index,
2 = azimuthal zone index,:
"ELK,L yearly average field efficiency in zone (k,z),
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CH K.g © cost of putting 1 me of reflective surface in zone (k,2)
s relative to the same cost for zone (1,1).

In more detail,

"F.k,2 - "C0S,k,2 * "SHAD,k,%2 * "BLOCK,k,2 X PATM,k,2 X MINT,k,s

where  n.,o = cosine efficiency = 1.0 - cosine loss
NSHAD ~ shadowing efficiency = 1.0 - shadowing loss
"BLOCK = blocking efficiency = 1.0 - blocking loss
"ATM = atmospheric transmittance = 1.0 - atmospheric attenuation

niNT = receiver interception factor = 1.0 - spillage

The relative mirror cost 1s comprised of three parts:

» ~ CHEL,k, 2 * CLanp,k,2 * CWIRE K, 2
Chk,2 ° T T T (V.E-2)
e HEL,1,1 LAND,1,1 WIRE,1,1
where'cHEL =~ 3. for total heliostat structure, equal for all
m mirror area
heliostats in" the field;
C = $ X 1 ; less dense zones have greater
LAND m2 land mirror density per zone °? 9
associated land cosls per hcliostat;
C = $ 1 ; the "$/heliostat" varies with local

WIRE - heTiostat * glass area/hel.

density (greater secondary wiring costs with lower densities) and
distance from the tower (greater primary wiring costs as the field
gets larger), as discussed in the wiring cost model section
(IVQA-3)Q
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After calculation of PCRk g’ a call is made to subroutine MAX where ﬁhe

actual field build-up is carried out. First, the zones are ranked from best
to worst PCR., Then the zones are added one at a time, starting with the most
cost effective, i.e., the one with the highest PCR. As each zone is added,
the reference (desian point) thermal power to the receiver, the annual energy
production from the field, and the. total field costs (heliostats, land, and
wiring) are updated. Also, the power dependent receiver and piping radiation
and convection losses are re-calculated to determine the net electrical power
production. When each design power of interest (as specified by P@PTMN,
P@APTMX, and NUMPPT in namelist @PT) is reached, the remaining plant capital
costs and corresponding levelized energy cost (LEC) are calculated. MAX will
return to PTCAL when any of the following three constraints are encountered:

1) all specified design powers have been achieved;

2) all design powers have not beeh achieved, but adding all remaining
zones will not reach the next highest design power;

3) a specified flux 1imit is reached (in this case the code can reiterate
with the "smart" aimpoint strategy described in section 1I1.G if
a single aimpoint had been the original choice).

V.E-2. Heliostat Density Optimization--DELSOL has an option (IH@PT=1)
to optimize the heliostat separations within each zone. In many problems the
default densities are adequate. However, if the field costs or heliostat
shape are very different from the DELSOL default values, then heliostat
spacing optimization may be important. In all cases it is prudent to optimize
periodically heliostat separations to see if this produces significant improve-
ment in the energy cost. The mathematical details of heliostat optimization
are derived by Lipps (ref. 4). DELSOL bases its heliostat optimization on
these equations and assumptions. : '

A completely general optimization of the coordinates of every heliostat
is not practical. Following the approach in reference 4, the following
assumptions are made in order to simplify the problem:

(1) the heliostat layout pattern within any one.zone is determined by two
parameters: the "average" radial separation AR and the "average"
azimuthal separation aAz;

(2) the shadowing and blocking in a zone are determined only by the lay-
out parameters for that zone;

(3) the optimum layout parameters to produce a given amount of annual
energy will be determined. These may or may not be the optimum
layout parameters to produce a given design power. This subtle point
is discussed in more detail below;

(4) the maximum deviation of the optimized AR and AAz is constrained to
be within a specified window around the initial AR and AAz defined
for each zone in Mamelist BASIC. The size of the window is controlled
by DHOPT in Namelist BASIC.



Since the energy cost is not very sensitive to the heliostat spacings, the
effect of the simplifying assumptions is minimal in most practical problems.

DELSOL must generate considerable information about the shading and
blocking as a function of heliostat position in order to optimize the separa-
tions. During the initial performance calculation the code does 25 shadowing
and blocking calculations for each zone. The calculations are done on a 5x5
grid of heliostat separations. One side of the grid has constant density
Tines; the other side has constant aspect ratio Jines (= .5aRZ - .5aAz2).

The grid is used to interpolate the performances and performance derivatives
with respect to separation required in heliostat spacing optimization. The
grid is centered on the density and aspect ratio determined for each zone by
the AR and AAz defined in Namelist FIELD. The size of the grid is determined
by DHOPT (Namelist BASIC). The larger DHOPT the farther the heliostat separa-
tions are allowed to vary from the initial values in searching for the optimum.
However, the larger DHOPT, the larger are the potential errors in interpola-
tion and differentiation.

To prepare for field buildup, the code does four preliminary calculations
for every zone. First, it finds the "best" aspect ratio at each density. If
the land and wiring costs are negligible, the best aspect ratio at a given
density would be the aspect ratio that gives the minimum shading and blocking.
Second, it finds the density that gives the maximum average performance/cost
ratio (PCR) for that zone. When the zone is first added to the field it will
be at this density. Third, DELSOL finds the marginal value of increasing the
density .beyond the density that optimizes the average PCR. The marginal value
is defined as the change in the busbar energy cost for adding or subtracting
one heliostat from that zone. The marginal values decrease with density
beyond the density that optimizes the average PCR. These marginal values
determine how the density in the zone is increased during field buildup after
the zone has been added to the field. Finally, when the first three calcula-
tions are completed for every zone, DELSOL ranks the zones accordingly from
maximum to minimum average PCR. This ranking determines the order in which
zones will be added to the field.

Field buildup proceeds as follows:
(1) The zone with the best average PCR is added to the field;

(2) The unused zone with the best average PCR is added to the field

‘ and the density of all zones already in the field is increased.
The number of heliostats to be added to each zone already in the
field is determined by requiring that the marginal value of adding
one more heliostat to any zone is the same. (If the marginal values
were unequal an optimum field would not exist since the energy cost
could be lowered by moving a heliostat from a lower to a higher
marginal value zone.)

(3) Step (2) is repeated until: (a) all design powers are achieved; (b)

a flux 1imit constraint is exceeded; or (c) all the zones have been
added to the field.
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V.E-3. Optimizing for Annual Energy vs. Optimizing for Design Point
Performance--Characterizing the time dependent output of a central receiver
system is difficult. The usual convention is to specify a design point power,
Ppes. However, there are a whole range of systems with the same design
point power which produce different amounts of annual energy, E, and different
energy costs. Conversely, there are systems with the same E but with different
Ppes's. This leaves DELSOL with a subtle identity crisis. While DELSOL
seeks to design a system to meet a specified Pppg, it optimizes the system
to produce a given E at the minimum energy cost. To find the system with a
given Ppgs, DELSOL designs systems optimized for increasing E's until a
system is reached with the design power of interest.

Optimizing the system for a given annual energy E does not guarantee that
the system will be the optimal system for the design power Ppgs that corresponds
to E. Consider the following example (these numbers are for i?lustrative
purposes only; they are not actual output):

Heliostat Annual - Design Energy
System  Optimization Energy Power _Cost
1 No 100. 50. 80
2 No 110. - 55, } 78
3 No 110. 50. 79
4 Yes 90. 50. : 81
5 Yes 100. 55. 79
6 Yes 110. 60. 77

Cases 1 and 2 are systems that are optimized to produce annual energies of
100, and 110. The corresponding design powers are 50 and 55, respectively.
Consider now Case 3. Case 3 is not the optimum system to produce an E = 110
because its energy cost (79) Ts higher than Case 2 (78). However, Case 3
produces the design power Pppg = 50 at a lower cost than Case 1. The reason
that Case 3 is better than Case 1 for Ppgg = 50 is that the energy cost
(which depends on E, not Pppg) is falling rapidly with increasing E due to
the effect of non-field costs. The field layout in Case 3 is different from
Case 1. In Case 3 the heliostats have a larger annual efficiency/design
efficiency ratio in order to produce more annual energy at the design point.

Consider now optimizing the heliostat spacings. This is done in Cases
4-6. Notice that optimizing the heliostat spacing has reduced the energy cost
at a fixed amount of annual energy (Case 5 vs. Case 1 or Case 6 vs. Case 2).
However, the heliostat optimization has not decreased the energy cost for the
cases of Ppps = 50 (Case 4 vs. Case 1) and Ppgg = 55 (Case 5 vs. Case 2).
The explanation is again that after heliostat optimization the design powers
correspond to a lower annual energy E and the energy cost is dropping with E.
Heliostat spacing optimization is doing what it is designed to do: Tlowering
the energy cost at a fixed E. Unfortunately, this does not always result in a
Tower cost at a fixed Ppgg. It can be disconcerting to observe occasionally
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that the energy cost at a fixed Ppgg increases after trying to optimize
heliostat spacings. However, if the user plots the output on an energy cost
vs. annual energy basis, then the improvement with heliostat spacing optimi-
zation can be seen.

In practice the difference in the energy costs between optimizing for a
given annual energy vs. optimizing for a given design point are small (< 1%).
The difference disappears if the non-field costs are relatively small or if
the energy cost is not changing with E. Why doesn't DELSOL offer the aption
of finding the system optimized to produce a given Ppgg? Because it is much
more complicaled and the small improvements are generally not significant.

V.F. Sensitivity of Energy Costs to Variation of Design Parameters

Generally, the cost of energy is not very sensitive to modest variations
of the design parameters away from the optimal values determined by DELSOL.
It is important for the user to remember that the minima are shallow. First,
the broad optimum means that a very fine (and time consuming) grid of variables
is not needed. Second, the designer has the freedom to vary the system to
maximize other considerations besides cost of energy. For example, DELSOL may
select a large height to width ratio for a flux limited external receiver.
However, a more modest aspect ratio may be desired for engineering or other
reasons. The optimizatiaon can be repeated with smaller H/W ratios in order to
see what the cost of energy penalty is. The energy cost differential may be
so small that the other design considerations dominate and a smaller H/W ratio
than the DELSOL minimum will be selected.

Small changes in the input generally produce small changes in the energy
cost but can produce large changes in the optimum value of the design parame-
ters. This is also a consequence of Lhe shallow minima in the energy cost vs.
design variables. This effect is often the source of consternation among
users. It seems counter-intuitive to many people that one can set out to
design systems for the same application and yet wind up with significantly
different designs just because of some small differences in the input variables.
If one were to compare energy costs, however, the different designs would
probably be nearly identical on a cost basis.

V.G. Running Optimization Calculations

An outline for designing a system using DELSOL is given in Table V.G-1.
Step I is the definition of the system design and is often the most time
consuming step for the user. Specification of the site, field boundaries,
heliostat design and receiver type are generally straightforward. However,
‘determining the receiver thermal losses and the system costs can be much more
involved. The radiation and convection losses depend on receiver geometry;
receiver material and temperature. The system costs depend on the technology
and application. Detailed cost estimation may be required to generate the
input to DELSOL. In addition to the direct capital costs, operating and
maintenance costs must be estimated. Finally, the economic parameters suita-
ble to the consumer of the system have to be specified.
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TABLE V.G-1.
STEPS IN DESIGNING A SYSTEM

I. Define system
' - Heliostat type; receiver type; f]ux 11m1ts, field boundaries
- Non-optical performance parameters: receiver losses; EPGS
- Costs appropriate to technology and application

II. Initial performance calculation
- - Use a guess for optimum tower height
- Save results for other optimizations using this heliostat, site,
tower height

"II1. Coarse optimization (can be done at same time as II)
- Limited number of widely spaced optimization variables
- If optimum value(s) of a design variable(s) is at the minimum or
maximum value allowed in search for optimum, increase the range
of values searched and do another coarse optimization

IV. Fine optimization
- Use a finer grid of optimization variables centered on results
of III
- Reuse initial performance results from II unless tower height
is very different

V. Heliostat density optimization
‘A.  New 1nitial performance calculation
- Use optimum tower height from IV
- Use default densities or optimized densities from similar
system optimization
B. Optimization (can be done at same time as VA)
- Do not vary tower height
- Choose a fine grid of receiver sizes
~ C. Converge density optimization
- If optimum heliostat layout is very different from initial
layout used in VA repeat VA and VB using the optimum densities
from VB as the input densities for VA

VI. Detailed performance calculation of optimum system
‘ - Do a user defined field performance calculation of optimum system
- Optimize storage capacity if desired

VII. Investigate dther Design Concepts (optional)
- Repeat I-VI with different heliostat or receiver type, different
working fluid

VIII. Non-energy cost design considerations
- Energy cost is generally insensitive to small perturbations from
optimal system
- If other considerations suggest deviating from DELSOL optimal
design, run DELSOL to calculate energy cost of modified system
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Step II is the initial performance calculation. This initial calculation
will be scaled to give the performance of the different systems considered in
searching for the optimum design. The initial performance calculation fixes
the values of the constant design parameters listed in Table V.A-2., The
results of this initial performance can be saved (ITAPE=1, Namelist BASIC) to
be used in subsequent design calculations that have the same values for the
constant design parameters.

Steps III and IV are the coarse and fine optimization searches. It is
generally more efficient to do this two step optimization search. A search
over a coarse grid of optimization variables locates an approximate optimum
design rapidly. This is followed by a search over a fine grid of optimization
variables centered on the coarse grid optimum.

The user must be certain that an optimum has been found. The user
defines the range for each optimization variable. If the optimum value for a
variable selected by DELSOL is at the minimum or maximum of the user defined
range, an optimum may not have been found. For that variable the user should
rerun the optimization with a wider range of values for that variable.

Step V is the optional optimization of the heliostat densities. DELSOL
can simultaneously optimize the heliostat densities and receiver dimensions.
However, DELSOL cannot vary the tower height while optimizing the densities.
Therefore, the user must first perform steps III and IV to find the optimum
tower height with constant heliostat densities. This optimum tower height is
then used to optimize the heliostat densities and fine tune the optimum
receiver size determined in IV. The optimization of densities requires a new
initial performance calculation (Step VA) unless the user was lucky enough to
have used the optimum tower height from step IV when doing the initial per-
formance calculation in step II. The results of step VA are then used in step
VB to optimize the densities and receiver sizes. DELSOL limits its search for
the optimum densities to a window centered on the initial densities used in
step VA. If the optimum heliostat separations output from step VB are very
- different from the input separations to step VA then these two steps should be
repeated until the heliostat separations converge. At each iteration in the
convergence the optimum heliostat separations from step VB are used as the
input separations in step VA.

Finally, the optimum system from step I-V can be further analyzed to
-determine the optimum storage capacity simultaneously with obtaining detailed
performance information (Step VI).

The process can then be repeated to evaluate other technology options
and/or non-economic considerations deemed important.
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VI. Tape Options

VI.A. Saving and Reusing the Initial Performance Calculation

Every optimization run requires the results of a detailed initial per-
formance calculation. The initial performance calculation must have the same
site characteristics, type of zoning and heliostat design desired for the
optimization run. In addition, for small systems with radial heliostat layout -
pattern the tower height used in the initial performance calculation should be
within the range of tower heights used in the optimization (see Section
V.D-2). Even with these constraints, it is common to use the same initial
performance calculation for several different design optimizations. For
example, the user may want to consider several different types of receivers
for the same application. In these cases it would be wasteful of computer
time to repeat the same initial performance calculation for each design study.
Therefore, an option has been provided in DELSOL to allow the user to save the
results of an initial performance calculation for use in any number of subse-
quent design optimizations. Use of this option can result in large savings in
computer time.

Figure VI-1 illustrates the options for the initial performance calcula-
tions. In all cases the first Namelist, BASIC, is always read. The value of
ITAPE on Namelist BASIC determines which branch is followed. For ITAPE = 0 or
1 the remaining performance Namelists are read in and the initial performance
calculation is executed. For ITAPE = 0 nothing else happens and the code -
begins reading in the optimization Namelists. However, if ITAPE = 1 the
results of the initial performance calculation are written on a temporary file
called TAPE10. The user must make a permanent (e.g., tape or disk) copy of
TAPE10 for future use. In the future when the user wishes to reuse this
initial performance calculation a copy of this information is attached to the
program as local file TAPE20, and ITAPE=2 is specified on Namelist BASIC. No
other performance Namelists (i.e., FIELD...NLEFF) are read in. When ITAPE=2
is specified, DELSOL prints a short summary of the information on the tape,
skips the initial performance calculation and proceeds directly to the opti-
mization calculations. The next Namelist read is the REC Namelist that begins
the optimization group of Namelists.

VI.B. Saving and Rerunning Optimum System Designs

It is common to need to do detailed performance calculations on a system
DELSOL has optimized. The user could manually transfer the optimum design
from the printed output to punched cards to use as input to a DELSOL per-
formance calculation. However, DELSOL provides two options to make it easier
to do performance calculations on an optimized system. First, a performance
calculation can be done in the same run that optimizes the system (I@TAPE=1
and IRERUN=1, Namelist @PT). Second, the optimization results can be saved
and performance calculation(s) run at a later time (I@TAPE=1, Namelist
@PT). This latter option gives the user a permanent record of optimized
systems which can be used for a number of purposes (e.g., as input to a user
provided plotting program).



START

l
Read in Namelist BASIC

ITAPE=0 or 1 ITAPE=2

Read in Rest of Performance Namelists
FIELD, HSTAT, REC, NLFLUX, NLEFF

Read Results of
an Identical
InitiaT Performance
Calculation from

Do Initial Performance Calculation File "TAPE20"

ITAPE=0

ITAPE=1

1

Write Results of This
Initial Performance Calcu-
lation on File "TAPE1Q"

|

Read in Optimization Namelists
REC, @PT, NLFLUX, NLEFF, NLC@ST, NLEC@N

Optimize and Print Out Results

I@TAPE=0 I@TAPE=1
END Write Results of Optimization
on File "TAPE30"
IRERUN=0 IRERUN=1
END Do a Detailed Performance

Calculation on Optimum System

®

See Figure VI-2

Figure VI-1. Options on Initial Performance Calculation
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The options for saving and rerunning systems are illustrated in Figures
VI-1 and VI-2. As seen in the lower part of Fiqure VI-1 when DELSOL has
finished optimizing a system the optimum design(s) are written on a temporary
file called TAPE30. The user must make a permanent (e.g., tape or disk] copy
of TAPE30 for future use. To read the optimized system for a performance
calculation the user attaches a temporary copy of TAPE30 to the program and
specifies ITAPE=3 on Namelist BASIC. When IRERUN=1 DELSOL does not stop after
the optimization is completed. Instead, the program starts a new performance
calculation using the optimized system. Note that both options can be used
simultaneously. '

Both options for rerunning optimized designs automatically supply input
of the optimum system description. Specifically, the following are defined:

site (latitude, weather, insolation, etc.)

field (number and type of zones, heliostat layout)
heliostat (dimensions; reflectivity, canting, focusing)
receiverv(type and dimensions) |

tower height

flux points (only if flux was calculated during performance)

The user therefore does not have to define these variables. Generally, when
rerunning a system the only variables that the user redefines are: (1) type
of problem (e.g., single time, single day, annual); (2) flux calculation if
different from optimization (generally more flux points are desired); or (3)
the option for more accurate heliostat images (INDC=1, Namelist HSTAT) wh1ch
may be important in small systems.

_ The user must select the design point power level(s) to be saved or

rerun. DELSOL allows the user to simultaneously optimize up to 20 design
point power levels. However, the code writes a detailed field description
of a maximum of only five of these power levels on TAPE30. The user selects
these power levels via the IPLFL(I) parameters in Namelist @PT. When using
IGTAPE=1, all non-zero IPLFL(I) power levels are written on TAPE30 to be
stored for future use. When reading TAPE30 either for IRERUN=1 or in a later
run in which the permanent file from an earlier TAPE30 write option is attached,
the user specifies which of these power levels is to be used in the performance
calculations (TDESP, Namelist BASIC). Only one power level is evaluated per
run.

TAPE30 is a free format written file. The order of information on
TAPE30 is given in Table VI.B-1.
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START

IRERUN=1

|
From Optimizer

ITAPE=0

Read in Namelist Basic

ITAPE=3

Define System on Namelists
FICLD, HSTAT, REC, NLFLUX, NLEFF

Read in System Definition from
File TAPE30 Created in Previous
Run. Generally Use Default Values
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on FIELD, HSTAT, REC, NLFLUX, NLEFF

Performance Ca]culation'

Performance of User-Defined Field

Detailed Summary of

Figure VI-2.

END

Options on Performance Calculation



: TABLE VI.B-1.
OUTPUT FROM OPTIMIZATION RUN STORED ON TAPE30

Variable Namelist or Definition

a) Common to all power levels

WM, HM HSTAT
TR@UND "
ICANT "
NCANTX ,NCANTY ‘ "
RPUND
ASTAT , Surface area of heliostat including gaps (=WMxHM)
AMIRR@R Total mirror area in field
NRAD FIELD :
NAZM "
RMIRL HSTAT
DENSMR "
XF@CUS _
YF@CUS "
SIGAZ,SIGEL "
SIGSX,SIGSY "
SIGTX,SIGTY "
HEAD Hollerith heading (title) of job
IF@CUS HSTAT
XF@CAL "
YF@CAL "
HCANT "
DCANT "
RADMIN, RADMAX FIELD
RCANT HSTAT
RANGE Slant range
ILAY FIELD
RF@CUS HSTAT
INDC "
IR@ATFL FIELD
REFS@L BASIC
ATM1,ATM2,ATM3, "
ATM4 ,IATM
IN@RTH, AMAXN FIELD
PLAT BASIC
ALT "
REFDAY,REFTIM "
NSUNPT,SUNR,SUNI,NSUN "
ICPANL ,WPANL ,HPANL , HSTAT
HXCANT ,HYCANT
NUMCAV,IREC,RELV ,RAZM REC
RRECL "
IAUT@P !
II Total number of designs written on TAPE30 (<5)

HR@P Total annual hours of plant operation
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WEATH,DPRES ,DH20, BASIC

DWEATH, IWEATH
ALP FIELD
ASTART A BASIC
REFTHP,AREF ,REFRC NLEFF
REFLP,REFPIP,FPL "
ITHEL ,ETAREF ,FEFF "
REFPRL,FSP "
PF "
SMULT "
CCMUL ,CCMULY,CCMULC Multipliers on direct capital cost
FCR,RH@ML , RNH@ML Economic parameters
CSTREF,VSTREF ,ESTREF ,XST  NLC@ST
CSTRMD, VMAX
ISTR,NSTR @PT

h) Power level specific for detailed performance ca]cu]at1on
(1 set for each power saved)

SAVE3 Power level
NTMIN(K),NTMAX(K) Minimum, maximum zone occupied
AZMTR(L),DENTR(L) Azimuthal separation, density

(L=1,NLAND)
FLAND,XT@WER,YT@WCR,SLEW, -F1ELD,@PT

SLNS,CLE,CLN,NLAND
THT REC
RX,RY ,W,H,RWCAV "
TOWD, TOWL "
ACW@SY ,ACW@SC Capital cost w1thout storage (esca]ated,
current)
EST@R Maximum storage capacity
XFC,YFC,ZFC,DIAMF, NLFLUX
POLF ,AZMF
NXFLX ,FAZMIN,FAZMAX ,- "
NYFLX,FZMIN,FZMAX

c)

Arrays for p1ottihg (a1l power levels: N=1,NP)

NP
Y2(N)
ALLBUSC(N)
HSTSAVE (N)
ARESAVE (N)
ALLCC(N)
ALLPCL(N)
ALLPCHW(N)
ALLPCH(N)
ALLPCT(N)
ALLPCR(N)
ALLPCPL(N)
ALLPCPU(N)
ALLPCS(N)
ALLPCEG(N)
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Total number power levels (<20)
Power levels
Levelized energy costs (current §)
Number of heliostats
Total land area (km2)
Total capital cost
% cap1ta1 cost in land
wiring
" heliostats
tower
recefver
piping
pumps
storage
! turbine/generator



ALLPCHX(N)

% capital cost in steam generators
"

ALLPCFX(N) fixed costs

ALLT@TE(N) Overall system total efficiency

ALLHR(N) Hours of storage

ALLKWHR({N) Net energy production

ALLC@S(N) Cosine

ALLSAB(N) Shadowing and blocking (net efficiency)

ALLATM(N) Atmospheric transmittance '

ALLSPL(N) Intercept

ALLRCR(N) Annual average receiver efficiency
(radiation and convection)

ALLRCP(N) Annual average piping efficiency

ALLT@TH(N) Overall system thermal efficiency

ALLETA(N) Average thermal to electric conversion efficiency

ALLFLUX(N,I) (I=1,4) "Design point flux on receiver at point I

VI.C. Saving a Compiled Version of DELSOL -

Since DELSOL is a large program, the time involved in compiling the
FORTRAN statements into machine language is non-negligible. It is recommended,
therefore, that the user save (on a tape or disk) a permanent copy of a
compiled version of DELSOL. The user will then only need to recompile if
changes are made to the FORTRAN statements of DELSOL.
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VII. Comparison of DELSOL, MIRVAL and HELIOS Performance Predictions

The performance predictions of the MIRVAL, HELIOS and DELSOL computer
codes are all in good agreement. A small system comparison is presented in
this section since larger heliostat size/tower height ratios produce greater
(but not necessarily significant) errors in the DELSOL predictions. The
agreement of DELSOL in this more difficult application is good.

The system considered is a preliminary design for the CESA-1 (Central
Energia Solar de Almeria) plant Eeing buiTt in Almeria, Spain. The complete
system description, including heliostat coordinates, and details of the HELIOS
and MIRVAL calculations are given in reference 33. A summary of the system is
given in Table VII.1. The DELSOL calculations were performed using the option
in which the individual heliostat coordinates are specified in Namelist FIELD.
Two calculational times are considered: 10 AM and 4 PM on winter solstice.
"The 4 PM case involves an extreme sun zenith angle of 82°, which leads to
considerable off-axis abberation of the canted heliostat images.

At the time of the comparisons MIRVAL and HELIOS used different descrip-
tions of the heliostat errors. MIRVAL used a 1.65 mrad error in each component
of the surface normal (corresponding to the DELSOL variables SIGSX and SIGSY).
HELIOS used a 3.3 mrad (=2x1.65 mrad) error in each component of the reflected
vector (SIGTX and SIGTY). These two error descriptions are not exactly
equivalent whenever the cosine < 1. For the 10 AM case the DELSOL calculation
was done twice: once with the MIRVAL error description and once with the
HELIOS error description.

The final complication in the comparisons is a difference in defining
the effect of the individual loss terms. The cosine, spillage, total power
and flux definitions are identical. However, there is a small difference
between DELSOL and the other two codes in defining the shadowing/blocking
and between DELSOL and HELIOS (but not MIRVAL) in defining attenuation.
Comparisons of shadowing/blocking and attenuation are therefore not as meaning-
ful as comparing the other quantities.

The comparison of the power production is given in Table VII.2. The
comparison of the flux distribution along a horizontal line through the
aperture center is shown in Figure VII-1(a) (10 AM) and VII-1(b) (4 PM). The
agreement is good. There are small differences (approximately 1% or less) in
some of the predictions. These differences are not practically significant
since the uncertainties in the input (e.g., heliostat errors) generally
produce larger effects. The differences result from slightly different
assumptions in the models, numerical errors, etc. For example, in Table VII.3
the DELSOL flux is symmetrical about the receiver center while the MIRVAL and
HELIOS results show a slight asymmetry. The approximately 1% difference in
the flux profiles results from the fact that in order to speed up the .calcu-
lation DELSOL assumes that the mirror panels are canted symmetrically. In
actuality, for canting at a fixed time (off-axis cant), the cant of the
heliostat panels is slightly asymmetric because the sun angle is slightly
different on each cant panel. MIRVAL and HELIOS include this small effect and
therefore produce the small asymmetry in the image. The asymmetry would not
arise for on-axis canting schemes.
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TABLE VII.1

SYSTEM USED IN DELSOL, MIRVAL, HELIOS COMPARISON

Site:
Field:

Heliostats:

Receiver:

Tower Height.:

~ Insolation:

Sunshape:

37.099° N latitude

North only
282 Heliostats

6.25 x 6.3 m (overall)

5 (horiz.) x 2 (vert.) cant panels
Canted for noon on equinox

3.4 x 3.4 m squre, tilted aperture
56.345 m

0.7 kW/m2

Rectangular



TABLE VII.2

COMPARISON OF PERFORMANCE PREDICTIONS FOR A SMALL SYSTEM

Code

Error Typel
Cosine

Shadow + Block2

Atmospheric
Attenuation

Spillage

Power on ‘
Receiver (MW-<th

Peak Flux
(MW+th/m2)

Avg. Flux Around
Peak (MW+th/m2)

"MIRVAL

MIRVAL
.949
.925

.973
.921

4.79+.2

1'68

IMIRVAL errors are 1.65 mrad in each surface component.
HELIOS errors are 3.30 mrad in each component of reflected ray.

2MIRVAL and HELIOS give an area loss, DELSOL gives an average area 10ss

weighted by the cosine.

10 AM 4 PM
MELIOS  DELSOL  DELSOL  HELIOS  DELSOL
MELIOS  MIRVAL  HELIOS  HELIOS  HELIOS

.949 .949 .949 .873 .873
924 .920 .920 .651 .658
.974 .973 .973 .974 .973
.922 .921 .917 .902 .888
4.76+.1  4.76 4.74 2.99  3.02
1.83 - 1.82 .923 .922
1.63 1.66 1.62 - -
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Figure VII-1. Comparison of DELSOL (solid line), MIRVAL (dashed histogram, 10 AM only)

and HELIOS (0) predictions for the flux at 10 AM (A) and 4 PM (B) on
Winter Solstice. Distance is measured along a horizontal line whose
center coincides with the aperture center. '



While the predictions are very close, the running times are very different.
Users will probably find that DELSOL is 10-100 times faster than either MIRVAL
or HELIOS.
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APPENDIX A--INPUT CARDS

The input to DELSOL is accomplished through the use of namelists.
Namelists are convenient because any format can be used for the input vari-
ables, the variables can be specified in any order and the only variables:
that need defining are those which differ from the default values. The
Namelists are grouped into similar types of variables (e.g. Namelist HSTAT
contains all of the heliostat inputs).

There are two types of problems that are run on DELSOL: performance
calculations and design optimization calculations. In a performance calcu-
lation the user defines a single system and DELSOL calculates the optical
performance for this system at a single time or day and/or on an annual basis.
In a design optimization calculation the user specifies the heliostat, receiver
geometry, range of all the optimization variables and DELSOL searches for the
set of optimization variables that minimizes the energy cost. In the design
search DELSOL analytically "scales" the results of an initial performance
calculation. These initial performance results can be generated in the same
computer run as the design optimization or can be read off of a tape that has
been generated during a previous computer run. Finally, the results of the
design optimization can be automatically used as input to a detailed per-
formance run or can be written on a tape for subsequent calcu1at1ons or

plotting.

The .input cards for a performance calculation are listed in Table A.A-1.
The first card is a title card. The six namelists that follow specify the
system to be analyzed. If the user wants to read in the coordinates of the
heliostats instead of specifying zones of heliostats, these data cards
.follow the NLEFF namelist. Finally the REC namelist with W=-100 terminates
the problem.

The input cards for a design optimization calculation are shown in Table
A.A-2. The first card is the title card. The next six namelists (BASIC....
NLEFF) define the initial performance calculation. The values of these
cards fix the zoning, latitude, insolation model, heliostat design and
heliostat focusing/aiming strategy to be used during the optimization. If
these values will be used again in another design optimization calculation,
the results should be saved. To do this, set ITAPE=1 in Namelist BASIC and
store the local file generated, TAPE10, on a tape or disk. When this initial
performance calculation is to be used in a subsequent design run, attach a
copy of the stored data to DELSOL with the local file name TAPE20, set
ITAPE=2 in Namelist BASIC and omit the FIELD, HSTAT, REC, NLFLUX, and NLEFF
namelists that follow the BASIC namelist. The REC, @#PT, NLFLUX, NLEFF,
_NLC@ST, NLEC@N namelists define the optimization va]ues. If a detailed
performance calculation of the optimized design is required, set IRERUN=1 in



TABLE A.A-1.
INPUT CARDS FOR PERFORMANCE ONLY CALCULATION

Title Card (not a namelist)

$BASICS

$FIELDS

$HSTATS

$RECS

SNLFLUXS

$NLEFFS$

data cards for individual (required only for calculations in which

heliostat coordinates the user specifies the coordinates of
each heliostat, IUSERFL=3 on Namelist
FIELD)

$REC W=-100.% : (Termination card) S



TABLE A.A-2.
INPUT CARDS FOR DESIGN OPTIMIZATION CALCULATION

Title Card

$BASICS

$FIELDS

$HSTATS  Omit if the initial performance run is a previous
$RECS calculation stored on TAPE20 (ITAPE=2, Namelist BASIC)
SNLFLUX$ |

$NLEFF$

$RECS

$OPTS

$NLFLUX$

$NLEFF$

$NLCASTS

SNLECONS

Title Card

$BASICS

$FIELDS Required only if an annual performancé run is to be
$HSTATS performed on the optimized designA(IRERUN=1, Name]isf
$RECS @rPT)

$NLFLUXS

SNLEFF$

$REC W=-100% Termination card



Namelist @PT and provide the six namelists after the NLECEN namelist as shown
in Table A.A-2. Usually it is not necessary to define any variables .in these
namelists since the values have been already defined. Finally, all problems

are terminated with a REC namelist with the value W=-100.

Descriptions of all namelist variables follow. Included are constraints
on the variables, if any, and default values. References to the main text for
further details appear by section number in parentheses at the right hand
side of the page. Note that in the main text, if the code input variable name
differs from the variable name used in the discussion; the input variable
name is indicated in parentheses when default values are listed at the end of
each section.



'Co1umns 2-21

TITLE CARD

Short title with less than 20 spaces.



IPR@B

NYEAR

HRDEL

UDAY

UTIME

NUAZ
NUEL
UAZ (M) (M=1,NUAZ)
UEL(N) (N=1,NUEL)

Default: NYEAR=H

Namelist BASIC

Control parameter specifying type of performance calcu-
lation; note additional variables in namelist BASIC to be
defined with each option.

fl
(o)
-

annual performance calculation based on NYEAR
and HRDEL values;
= 1, single day performance calculation defined by
UDAY and HRDCL;
= 2, single time performance calculation defined
by UDAY and UTIME;
= 3, performance calculation at user specified sun
angles defined by NUAZ, NUEL, UAZ(M), and
UEL(N) (this option with default values for
angles can be used to generate input required
for the STEAEC code).
= 4, performance calculation for design/optimization
run only, based on NYEAR and HRDEL; unnecessary
spillage calculations eliminated in initial
performance calculation.
Constraint: IPR@B=4 for design run
DefauTt: IPR@B=0 (II1.D)

Number of days in the half year used in the initial
performance calculation.
Constraints: 3 < NYEAR < 9; must be odd

(11.D-1,11.D-5)

Time step, in hours, used to calculate daily performance
when IPR@B=0, 1, 4,

Constraint: HRDEL > 0.5

Default: HRDEL = 1.0 ' (11.0-1,11.D-5)

Day of the year for performance caltulation when IPRUB=
1 or 2. '

Default: UDAY=81.0 ‘ (11.0-2,11.D-3)
Hour past solar noon for performance calculation when
IPR@B=2. o

Default: UTIME=0. (11.D-3)

Variables to specify sun angles for performance calcula-
tion when IPR@B=3. NUAZ (NUEL) azimuthal (zenith) angles
with values of UAZ(M) (UEL(N)) degrees are defined; ‘
performance is calculated for the NUAZ x NUEL matrix of
sun angles. :

Constraints: NUAZ < 20, NUEL < 9

Default: NUAZ=7
NUEL=6
UAZ=0., 30., 60., 75., 90., 110., 130.
UEL=0.5, 25., 45., 65., 75., 85. , (11.D-4)



DH@APT

IPRINT(1)
(I=1, NYEAR)

ITAPE

During heliostat optimization the density and aspect
ratio will be varied by no more than 1 + DH@PT from the

initial values. The larger DHPPT the wider the search

for the optimum and the poorer the numerical approximations
used in finding the optimum.

Constraint: 0 < DH@PT < 0.20

Default: DHPPT = 0.2 ' (V.A-6,V.E-2)

Control parameter for zone by zone output of performance
calculation. The annual zone by zone performance is
always printed. The average performance of a user '
defined field at all times is always printed. 1In addition,
for the Ith day of the NYEAR days (if IPR@B=1 or 2 the

only day of the year is I=1), IPRINT(I)

0, no zone by zone output for this day;

1, daily average printed;

2, each time step and daily average printed.

If IPRQB 3 then IPRINT(I)
= 0, no zone by zone performance printed for the I
zenith angle, UEL(I);
= 2, zone by zone performance printed for every
combination of the I solar zenith angle,
UEL(I), and the NUAZ values of the solar
azimuthal angle (UAZ(1)...UAZ(NUAZ).

‘Default: IPRINT = 9*0

Control parameter for reading and writing tapes

0, no reading or writing of tapes;

1, output of performance run written on 1oca1 file
called TAPE10 to allow storage on most conveni-
ent permanent device for use in subsequent
design calculations; this option eliminates
need to duplicate initial performance calcula-
tion for different design runs when location
‘and field options (latitude, dimensions,
heliostat design, etc.) remain unchanged;

= 2, initial performance input for design run read

from local file called TAPE20 which is copied
from the mass storage device used to store the
data created in a previous performance run with
ITAPE=1; input namelists FIELD, HSTAT, REC,
NLFLUX, and NLEFF in performance group are
omitted with this option (see Table A.A-2).

The user must be sure that the latitude,
insolation model, sunshape, and heliostat
design read from TAPEZ0 are those desired in
the present run.

= 3, system input Tor performance calculation

read from local file called TAPE30 which is

copied from a mass storage device used to

store the data created in a design/optimization




TDESP

PLAT

ALT

INS@L

SPLCAN

TWEATH

A-8

run using I@TAPE=1 in namelist @PT. The data
includes field layout, heliostat design,
receiver dimensions, tower height, etc. so that
input namelist FIELD, HSTAT, REC, NLFLUX, and
NLEFF need not redefine any of these values.
Constraint: ITAPE = 2 for design calculations only
DefauTt: ITAPE = 0 (11.8-2,V.G,VI.A,VI.B)

Power level, in MW, of optimized system stored on TAPE30
to be rerun in detailed performance calculation.
Constraint: ITAPE = 3

Default: " TDESP = 100.0 (MW) ‘ (VI.B)

Latitude, in degrees, of solar plant location.
Constraints: 0 < PLAT < 90.0 (northern hemisphere)
Daefault: PLAT = 35.0 (®) (Barstow) (IT1.A-1)

Altitude, in km, of solar plant location.
Default: ALT = 0.65 . (I11.A-2)

Parameter specifying insolation vs. time model: Note
additional variables in namelist BASIC to be defined
with each option:

o
-

Meinel model; value for ALT required;
Hottel model; value for ALT required;
constant equal to SPLCON;
Allen model; values for PRES or DPRES, and
H20 or DH20 required; ‘
= 4, Moon model; values for PRES or DPRES required.
Default: INSPL =0 ' (I11.A-2)

-

nmoon o n
w N

Value of constant insolation, in kw/m2, used with

INS@L=2 option.

Constraint: INS@L=2

DefauTt: SPLCON=0.95 (kw/m2) (I11.A-2)

Control parameter for site dependent weather factors:

= 0, uniform weather factor for entire year;
defined by WEATHER if INS@L = 0, 1, 2 or by
PRES (INSPL = 3, 4) and H20 (INS@L = 3);
= 1, varying weather factor for each of the NYEAR
calculational days defined by DWEATH(I) if
INSBL = 0, 1, 2 or by DPRES(I) (INS@L = 3,4)
and DH20(I) (INSOL = 3).
Constraint: If IWEATH = 0, define WEATHER, PRES, and/or
H20 for site. : _
If IWEATH = 1, define DWEATH,DPRES, and/or
DH20 for site. :
Default: IWEATH =0 (IT1.A-3)



WEATH
DWEATH(I)
(I=1,NYEAR)

H20

DH2B(1)
PRES
DPRES(TI)
(I=1,NYEAR)

NSUN

NSUNPT
SUNI(1)
SUNR(I)
(1=1,NSUNPT)

REFDAY

Default: H2p = DH2@(I)

Default: REFDAY = 81.0

Fraction of energy calculated from the clear sky insola-
tion models when INS@L = 0, 1, 2 that is actually produced
due to weather effects. WEATH is the uniform correction
for cloudiness on an annual basis (IWEATH = 0); DWEATH(I)
is the individual correction for cloudiness to the Ith
calculational day.

Default: WEATH = 0.83

DWEATH = 9*0.83 (I11.A-3)

Site specific atmospheric conditions. H2@ is the constant
mm of percipitable water in the atmosphere (IWEATH=0).
DH2@(I) is the individual mm of percipitable water on

the Ith calculational day (IWEATH=1). PRES is the con-
stant relative atmospheric pressure compared to sea level,
760 mm of Hg (IWEATH=0). DPRES(I) is the relative
atmospheric pressure on the Ith day (IWEATH=1).

PRES = DPRES(I) = 1.0 (III.A-1,III.A-2,II1.A-3)
Control parameter specifying sunshape model:

0, point sun (unrealistic, but useful for
debugging);

1, 1imb darkened sun, U. of Houston form;

2, square wave sun;

3, user defined sunshape through variables
NSUNPT, SUNI, SUNR.

Default: NSUN = 1 (111.A-4)

Variables for defining sunshape: NSUNPT is number of
pairs of points of sun intensity, SUNI (arbitrary units)
vs. angle from the center of the sun, SUNR (radians).
Points do not have to be equally spaced.

Constraints: NSUN = 3

NSUNPT < 50
Points start at center of sun; i.e.,

SUNR(1) = 0. Points decrease monotonically
with increasing radius. :

Default: None. (I111.A-4)

Day of the year chosen for the design point; day 1
is January lst. REFDAY

UDAY if IPR@B = 1 or 2 (automatically set by
code); '

354.75, winter solstice (~Dec. 21);

81.0, equinox (Mar. 21);

172.25, summer solstice (~June 21).

Constraint: ‘REFDAY must occur on one of the days

determined by NYEAR if IPR@B = O or 4.
(I1.D-5,V.A-1)
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REFTIM

REFS@AL
ASTART

IATM

ATM1
ATM2
ATM3
ATM4

A-10

Design point hour on or past noon-on the REFDAY of

the year. If IPR@B = 2, REFTIM is set equal to.

UTIME by code.

Constraint: REFTIM must be an integer multiple of
HOURDEL .

Default: REFTIM = 0.0 (noon) (I1.D-5,V.A-1)

Design point insolation, in kw/m.
Default: REFSEL = 0.95 (kw/m?) (V.A-1)

Maximum sun angle, in degrees, with respect to the
vertical at which the plant will begin operation.
Default: ASTART = 75,0 (°) (11.D-5)

Control parameter specifying atmospheric attenuation
model:

0, 25 km visibility, Barstow, CA;
1, 5 km visibility, Rarstow, CA;
2, user defined through variables ATMl, ATM2,
ATM3, ATMA.
Default: IATM =0 " (III.E-1)

Variables for defining attenuation according to:
Fractional Toss = ATML + ATM2*R + ATM3*RZ + ATM4*R3

where R is the slant range (km) from the heliostat to

the receiver.

Constraint: IATM = 2 for user defined variables.

Default: ATM1 = 0.006789
ATM2 = 0.1046
ATM3 = -0.0170
ATM4 =

0.002845 ' (IT1.E-1)



NAZM

NRAD

RADMIN
RADMAX

INPRTH

AMAXN

ILAY

IDENS

IUSERF

Namelist FIELD

Number of zone divisions azimuthally around the tower.
Constraint: NAZM < 12; NAZIM, even.

DefauTt: NAIM = 17 ' (11.8-1)
Number of zone divisions in the radial direction from

the tower.

Constraint: NRAD < 13

Default: NRAD = 12 (11.8-1)

Minimum and maximum radial position of heliostats,
expressed in normalized units of distance based on the
tower height, THT (REC namelist).

Default: RADMIN = 0.75 : '
T RADMAX = 7.5 (11.B-1)

Control parameter for surround vs. north-only field
(used primarily in small systems)

= 0, Surround field with equa11y spaced az1mutha1
zones surround1ng the tower;
1, Finer zoning of the north part of the field
set by AMAXN.
Constraint: If INPRTH = 1, IREC > O
NUMCAV =1
RAZM(1) = 180.0
in namelist REC.
Default: IN@RTH = 0 (I1.8-1)

Maximum angle, in degrees, from north-south axis for -
north field zoning option (INORTH = 1). There are
(NAZM-1) zones from -AMAXN to +AMAXN(°) about the north-
south axis; remaining zone is a "dummy" for the south
part of the field.

Constraint: IN@RTH =1

DefauTt: AMAXN = 82.5(°) : (11.B-1)

Control parameter for heliostat layout pattern:

= 0, radial stagger (only option at present)
Default: ILAY =0 (I1.C)

Parameter specifying heliostat density; options 1 and 2
based on U. of Houston resu1t5ﬁ

1, high reflectivity (~0.9) rectangular heliostats;
2, Tow reflectivity (~0.6) round heliostats;

3, user specified (see below).

Default: IDENS =1 {II1.C)

Parameter specifying field opt1on for 1n1t1a1 performance
calculation:
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I
o

circular field defined by NAZM, NRAD, RADMIN,
RADMAX; only zone by zone performance reported;
1, code defined north biased field of Figure 11-4;
2, user defined field spec1f1ed zone by zone (see
below);

user def1ned field specified by individual
heliostat coordinates (see below).

Constraint: IUSERF = 0 for optimization run

1
w
-

DefauTt: IUSERF =0 , (11.B-2)
THPR Parameter controlling the printout of the coordinates

of the individual heliostats for the IUSERF=3 option.

= 0, no coordinates printed
= 1, cuordinates printed
Default: IHPR=0

NLAND Parameter specifying land constrained field parameters

NLAND = 0 No land constraint.
> 0 Land available for heliostat field constrained
to NLAND rectangles defined by ALP, CLE, CLN,
SLEW, SLNS, XT@WER, YTOWER.
Constraint: NLAND < 5

Detault: NLAND = U™ (11.B-4)
ALP(1) Variables defining land constraints for field layout:
CLE(T) ALP(I) = angle (°) of rotation of Ith rectangle from N-S
CLN(I) and E-W axes (> 0 clockwise viewed from above);
SLEW(I) CLE(I) CLN(I) = displacements (m) east and north,
SLNS(I) respectively, of center of Ith rectang]e
XT@PWER relative to the 1lst;
YTPWER SLEW(I),SLNS(I)} = length (m) of sides of Ith rectangle
(I=1,NLAND) parallel to E-W and N-S axes, respect1ve1y,

prior to rotation;

XTOWER,YTAWER = tower coordinates (m) east and north,
respectively, with center of first land
constraint rectangle.

Constraint: NLAND > O '

Defaulf ALP = 5*0.0

CLE,CLN = 5*0,0 -

SLEW SLNS = 5*0.0 :

XTﬂNER,YTQWER = 0 0 (11.B-4)
FLAND(K,L) Fraction of the area of the (K,L) zone that can be used
(K=1,NRAD) for heliostats. If a land constraint is specified
(L=1,NAZM) (preceding variables) then DELSOL will calculate FLAND.

FLAND can also be used to adjust the field trim or to
simulate partial cloud cover.

Default: FLAND = 156*1.0 (11.B-2,11.B-4)
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IRATFL Parameter specifying heliostat rotation.

0, stationary helijostat field;

1, heliostat field rotates synchronously with the
sun in such a way that the sun appears to have no
azimuthal motion. To simulate rotating fields
DELSOL sets the azimuthal angle of the sun to be
always due south of the tower.

Default: IR@TFL =0 : (11.B-3)

The following variables require definition only if IDENS = 3:

DENSIT(K,L) Density (i.e., mirror area to ground area ratio) in
zone (K,L) where K specifies the radial position and L
the azimuthal position.

Constraint: 0.0 < DENSIT < 1.0 (11.8-2,11.C)
Default: DENSIT = 156*1.0 (i.e., user must specify
values)
AZMSEP (K) 1/2 center to center azimuthal separation of heliostats
(K=1, NRAD) in normalized units of heliostat widths (= AAz/2*W*M).
Default: AZMSEP = 13*1.05 (11.B-2,11.C)

The following variables require definition only if IUSERFL = 2:

NRADMN(L ) Boundaries of the user defined field. For the Lth
NRADMX (L) azimuthal zone, NRADMN(L) is the number of the radial
(L=1, NAZM) zone occupied closest to the tower, and NRADMX(L) is

the number of the radial zone occupied farthest from the
tower. If no zones are occupied, NRADMN(L) = NRADMX(L) = O.
Constraint: NRADMN, NRADMX < NRAD

Maximum number of heliostats per row = 648

Default: NRADMN = 12*1 |
NRADMX = 12*1 (11.B-2)
FSLIP Ratio determining slip plane correction; in radial

stagger layouts, excess .shadowing and blocking is alle-
viated by periodically placing n heliostats on a row
where n+l heliostats would have been based on zone-
wise AR and AAz values. FSLIP is the ratio of (n+l)/n.

Constraint: FSLIP > 1.0
Default: FSLIP = 4./3. (11.C-1)

The following input cards are required only if IUSERF = 3 (User defined
heliostat field specified by giving individual heliostat coordinates):

NOTE: These input cards follow NLEFF (see Table A.A-1). These cards are
not Namelists, they are input with the format specified below.
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Card Column Format Description

1 1-40 4A10 Alphanumeric heading to identify field
2 1-10 110 Total no. of heliostats in field
11-20 110 Total no. of rows in field
3 1-10 110 Number of row .
11-20 I10 Number of heliostats in row, starting with first row
4 1-10 F10.4 Displacement of lst heliostat in this row
: heliostat east of tower (m)
11-20 F10.4 Displacement of 1st heliostat in this row
heliostat north of tower (m) '
21-30 F10.4 Not used at present
31-40 F10.4 Aim point horijzontal displacement (m)
41-50 F10.4 Aim point “"vertical" displacement (m)
51-60 F10.4 Focal length (1/2 radius of curvature) (m)
5+ Repeat card 4 for all heliostats in this row
6 Repeat cards 3, 4, 5+ for each row

(II.B-2)
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WM
HM

ICPANL

WPANL

HPANL

HXCANT(I)
HYCANT(I)
(I=1,NCANTX*NCANTY)

DENSMR

TRPUND

RMIRL
SIGEL

SIGAZ

SIGSX
SIGSY

Namelist HSTAT

Width (WM) and height (HM), in meters, of the rectangular
or circular boundary of the heliostat, including any

edge supports or enclosures.

Default: WM = 7.4(m)

— HM = 7.4(m) (I1.C,II.E)

Parameter for optional specification of location of .
individual cant panels:
= 0, no panel input _
= 1, individual panel location set by WPANL, HPANL,
: HXCANT, HYCANT (for more accurate images in
small systems)
Default: ICPANL =0 (I1.E)

Variables defining individual cant panels; size WPANL(m)
wide, HPANL(m) high in heliostat plane; center of Ith
panel HXCANT(I) m from heliostat center parallel to
horizontal edge, HYCANT(I) m parallel to vertical edge.
Constraint: ICANPL =1

Default: WPANL = 3.70 (I1.E)
HPANL = 1.23
HXCANT = 6*1.4, 6*(-1.4)
HYCANT = 3.08, 1.85, 0.62, -0.62, -1.85, -3.08,

3.08, 1.85, 0.62, -0.62, -1.85, -3.08

Ratio of mirror area to total area of the heliostat
defined by WM x HM,
Default: DENSMR = 0,897 (I1.C,II.E)

Heliostat shape parameter.
= 0, rectangular _
=1, round

Default: IR@GUND = O (I1.E)

Average reflectivity of the mirrored surface, including
transmission 1osses in the dome, if present. :

Default: RMIRL = 0.89 - (IL.E, III.E-2)

Standard deviations, in radians, of the norma1 error
distribution of the elevation angle (SIGEL) and azimuthal
angle (SIGAZ). ‘

Constraint: SIGAZ+SIGSX+SIGTX>0

SIGEL+SIGSY+SIGTY>0
Default: - SIGEL = 0.00075 (rad)
SIGAZ = 0.00075 (rad) (I1.E-1)

Standard deviations, in radians, of the normal error
distribution of the heliostat reflective surface normal;
SIGSX is in the horizontal direction, SIGSY in the
direction perpendicular to the SIGSX direction (vertical
when the heliostat is vertical).
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Constraint: Same as SIGEL, SIGAZ
DefauTt: SIGSX = 0.001 (rad)

SIGSY = 0.001 (rad) - (I1.E-1)
SIGTX. Standard deviations, in radians, of the normal error
SIGTY ‘ distribution of the reflected vector; caused by atmos-

pheric refraction, tower sway, etc. SIGTX is in the
horizontal direction; SIGTY in the direction perpendi-
cular to the SIGTX direction.
Constraint: Same as SIGEL, SIGAZ
Default: SIGTX = 0.000 (rad)

T SIGTY = 0.000 (rad) (I1.€-1)

ICANT Canting parameter:

0, no canting;
-1, individual on-axis cant at a distance equal to
the slant range;

= 1, user defined on-axis canting. The canting is
specified by the RCANT array defined helow; (can
be used to produce a single cant for the
whole field). }

= 3, individual off-axis cant at time defined

below by DCANT, HCANT.

- Default: ICANT =1 ' (Ii1,t-2)
NCANTX Number of submirror panels in a canted heliostat
NCANTY ~ equals NCANTX times NCANTY; there are NCANTX panels

Constraint: NCANTX*NCANTY < 25
5e?au|t NCANTX = 2 : :
NCANTY = 6 (II.E-2)

in the f, direction, NCANTY in the §,, direction.

HCANT Parameters defining off-axis cant; heliostats are canted
DCANT ' at HCANT hours past noon on the DCANT day of the year.
Default: HCANT = 0.0
_ ' NCANT = 81.0 (I1.D-5, II.E=2)
RCANT(K) . Focal length, in unils uf tower hefghts, THI (Namelist -

(K=1, NRAD) REC), at which all heliostats fn the Kth radial zones
: are canted; can be used to define one canting for the
whole field.
Constraint: ICANT =1

Default: RCANT = 13*7.15 ‘ (I1.E-2)
XF@CUs : Parameters specifying focusing or no~focusing of mirror
YF@CUS panel or subpanels (submirrors can be focused as well as

canted). XFPCUS specifies focusing in the i, direction,
YF@CUS in the j, direction.

XF@CUS or YF@CUS = 0.0 No focusing in corresponding
direction

XF@CUS or YF@ACUS = 1.0 Focusing in correspond1ng
direction
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IF@CUS

- XF@PCAL(K)
YF@CAL (K)
(K=1, NRAD)

INDC

1SB

Default: XF@CUS (IT1.E-2)

YF@CUS

[
[e» W an]

Types of focusing:

0, individual focus with focal length equal to the
slant range; '

1, user defined focal length determined by XF@CAL
and YF@ACAL if zoning is used or focal length
read off of individual heliostat data cards if
this is an individual heliostat field (IUSERFL =
3, Namelist FIELD); (can be used to produce a
single focal length for the whole field).

Constraint: XF@CUS = YF@CUS = 1.0

DefauTt: IF@CUS =1 (I1.E-2)

User defined focal lengths for the Kth radial zone (note:
the focal length = 1/2 radius of curvature); XF@CAL(K) is
the focal length in upits of tower heights (THT in
namelist REC) in the i, direction and YF@CAL(K) is
in the j, direction. ‘
Default: XF@CAL = 13*7.15

‘ YF@ECAL = 13*7.15 (I1.E-2)
Control parameter for more accurate heliostat images
during performance only calculations:

0, regular images;
1; separate image generated from each cant
panel instead of a single image from the whole
heliostat. This significantly increases the
running time. This option can only be used
with a performance calculation and cannot be
used in design optimization calculations.
Constraint: INDC = O for a design calculation
IAUT@PT = 0 (Namelist REC) if INDC =1
ICANPL = 1 if INDC =1
Default: INDC = 0 (I111.D-1)

Parameter controlling overlapping of shadowing and
blocking:
= 0, no overlap. Most conservative assumption
as shading and blocking losses are maximized.
= 1, complete overlap. Lower bound on shading and
blocking losses.

Default: ISB = O C (II1.C)
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THT

TPWL
TAWD

IREC

RRECL

IAUT@P
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Namelist REC

“Tower height." The elevation, in meters, of the

center of external receiver or of the cavity aperture
above the heliostat pivot point, not ground lcvel.
DefauTt: THAT = 175.0 (m) (11.F)

The shadow cast by the tower and receiver is modeled as
the shadow cast by a cylinder that is T@WL meters tall
(measured above the heljostat pivot points) and has a
diameter of TAWD meters.

Default: T@WL = 175.0, T@WD = 10.0 (m) (111.C)

Parameter specifying type of receiver:

= 0, vertical cylindrical external recefver:
= 1, cavity with aperture(s) of elliptical cross
section;
= 2, cavity with aperturée(s) of rectangular cross
section. :
3, elliptical shape flat plate receiver(s)
4, rectangular shape flat plate receiver(s)

Default: IREC = 0 , ‘ (I1.F)

Diameter, in meters, of an external receiver. For flat
plates or cavities, W is twice the horizontal distance
from the center of the aperture or flat plate to the
tower centerline.

Default: W = 16.0 (m) ) (I1.F)

Height, in meters, of an external receiver. For

cavities H is the height of the top of the heat absorbing
surface above the bottom of the cavity. Not needed for
flat plates.

Default: H = 16,0 (m) (I1.F)

Fraction of the incident power absorbed by the receiver
before radiation and convection losses, but after

receiver reflection loss:

Power incident - Power reflected

RRECL = Power incident

Default: RRECL = 0.965 - (I11.E-2)

Control parameter identifying aiming strategy:

0, single aim point at center of receiver;

1, code calculated time dependent 1-d "smart"
aiming strategy; heliostat images are spread
out along the "height" of the receiver or
aperture to reduce the peak flux and flux
gradients with no increase in spillage.



NAY(K,L)
NAX(K,L)
XAIM(K,L ,M)

YAIM(K,L,M)

NUMPT(K,L)
(K=1,NRAD)
(L=1,NAZM)

Constraint:

Default:

This option should be used with external
cylinder, elliptical flat plate and elliptical
aperture cavity receivers with flux limits
(Namelist NLFLUX);

same as 1 except that the images are spread
out in 2-d. This option should be used only
with rectangular flat plate or rectangular
aperture receivers with flux limits;

time dependent aiming strategy to reduce
radiation/convection losses, to reduce thermal-
mechanical damage, or to minimize the size of
a heat absorbing surface inside a cavity. For
each zone the image is centered across the
"width" of the receiver or aperture and is
positioned as close to the bottom of the
recefver as possible without increasing
spillage s1gn1f1cant1y, v

same as 3 except the images are spread out
along the width of the receiver. This option
should only be used with a rectangular flat
plate or rectangular aperture receiver;

user defined, time independent, uniform
aiming. For the (K,L) zone the aim points are
arranged in a rectangular grid that is in the
plane of the cavity aperture or flat plate or
is in the plane that is tangent to the external
receiver at the azimuthal angle of the zone.
There are NAX(K,L) aim points along the
horizontal direction from a minimum value of
XAIM(K,L,1) meters to a maximum value of
XAIM(K,L,2) meters. Similarly, there are
NAY(K, L) aim points along the “vertical"
direction from a minimum value of YAIM(K,L,1)
meters to a maximum value of YAIM(K,L,2)
meters. Note that this option should only be
used for performance runs.

~ Maximum of 25 user defined aim points/
zone. Code will only automatically generate
up to 100 aim points.
IREC = 2 or 4 if IAUTOPT = 2 or 4
IPR@EB # 4 (namelist BASIC) if IAUT@PT =
IAUT@P =
NUMPT(K,L) = NAX(K,L) = NAY(K,L) =
XAIM(K,L,M) = YAIM(K,L,M) =

For cavities or flat plates, the following must be defined:

NUMCAV

Number of apertures in cavity receiver or number of flat
plate receivers.,
Constraint: NUMCAV < 4

DefauTt: NUMCAV = 1~ o (I1.F)
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RELV(I)
RAZM(1)

RX(1)
RY(I)
(I=1, NUMCAV)

RWCAV(I)
(I=1,NUMCAV)

A-20

Default: RELV

Default: RX

Orientation of r vector; i.e., outward normal of
surface stretched across the aperture or flat plate
receiver. For the Ith (I=1, NUMCAV) aperture, RELV(I)
is the polar angle, ©,., and RAZM(I) the azimuthal
angle, B,, both in degrees (see Figurc II-1 in main
text).

90.0" Vertical
RELV(I) =
»90.0° Down facing
0.0° South facing
90.0° West facing
RAZM(1) =

180.0° North facing
270.0° East facing

Constraint: RAZM(I) < 360.. Angles must be in order

clockwise.
4*90.0 (°)
180., 270., 0., 90. (°) (Il.F)

RAZM

Dimensions, in meters, of Ith cavity aperture or flat
plate receiver. RX(I) is the horizontal dimension, and
RY(I) perpendicular to RX(I).

4*,0 (m) '

4*%6.0 (m) (II.F,V.A-3)

RY

Ratio of the radius of the vertical cylindrical heat
absorbing surface centered on the Ith aperture to

the radius, W/2, of the receiver. This option is used
only with cavity receivers and allows the cavities to
have different depths. The greater RWCAV the larger the
heat exchanger surface within the cavity and the lower
the peak flux. -

Default: RWCAV = 4%1.0 (I1.F,IV.A-5,V.A-3)



IFLX

IFXPUT(1,d)
(I=1, NYEAR;
J=1, 16)

IFLAUT -

XFC
"YFC
ZFC .
POLF
AZMF
DIAMF

Default: IFLX =0

Namelist NLFLUX

Parameter specifying flux calculation. For performance
runs flux calculations are made at the one time of the
year specified by IFX@UT. For optimization runs, flux
calculations are made only at the design point.

0, no flux calculations;
1, flux calculations desired.
Constraint: IFLX = 1 if any IFX@UT # O

(IT.H, V.B-1,V.D-5)

Parameter allowing selection of the one time of the year
at which the flux is calculated. For the Jth time step
(i.e., (J-1)*HRDEL hours past noon) on the Ith day (I=1 at
winter solistice, = (NYEAR + 1)/2 at equinox, = NYEAR at
summer solistice, etc.), IFX@UT:

0, no flux calculated at this time;

1, total flux from user defined field (i.e.,
IUSERF = 1 or 2 in FIELD namelist) calculated
and reported for this time;

= -1, flux from every zone printed plus total flux

if IUSERF = 2 at this single time.

Constraint: One IFX@PUT # O for flux maps in

performance runs, including reruns.
A1l IFXQUT = 0 if IFLX = O.

Default: IFX@UT = 144*0 (II.H)

Parameter specifying the type of surface on which a grid
of flux points will be automatically generated. In all
cases. the "center" of the receiver is on the tower
centerline THT meters (Namelist REC) above the plane of
the heliostat pivots. IFLAUT = 4 is generally the

best option:

=1, points are on the outside surface of a cylinder
with a vertical axis. The cylinder has a diameter
of DIAMF meters and is offset by XFC meters to the
east, YFC meters to the north and ZFC meters up
from the "receiver center". This option with
DIAMF=W (Namelist REC) and XFC=YFC=ZFC=0 generates
the flux points on the surface of an external
receiver,

=2, same as = 1 except the points are on the inside
surface of a hollow vertical cylinder.

=3, points are on a plane. The center of the origin
that is used to define the grid of flux points is
XFC meters to the east, YFC meters to the north and
ZFC meters up from the “"receiver center". The
outward surface normal of the plane on the side
that the flux is incident has an azmithal angle of
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AZMF (North = 180°, E = 270° etc.) and a polar

angle P@LF (90° = vertical, > 90° downward facing).
= 4, automatic generation of the flux points on the’

heat absorbing surface of the receiver speci-

fied in the REC Namelist.

Note: For multiple aperture cavity or multiple flat
plate receivers, flux calculations can be
made for only one heat absorbing surface at

a time. -

External Cylinder Receiver (IREC = 0)

The fTux points are Tocated on the outside of a
cylinder whose DIAMF = W and XFC = YFC = ZFC =
0. If the default values of NXFLX, FAZMIN,

single flux point on the center of the north
side of the cylinder will be generated.

Cavity Receiver (IREC = 1 or 2)

The flux points are located on the inner
surface of a vertical cylinder centered on the
first aperture DIAMF = W*RWCAV(1), XFC =
—(W/Z.)*SIN(RAZM(1)), YFC = -(W/2)*C@S(RAZM(1)).
‘If the default values of NXFLX, FAZMIN,
FAZMAX, NYFLX, FZMIN, FZMAX then a single flux
point is generated in the center of the heat
absorbing surface of the first cavity aperture
at a height equal to the height of the center
of the heat absorbing surface; it is further
assumed that the first aperture faces north.

Flat Plate Receiver (IREC = 3 or 4)

The flux points are located on the surface

of the first flat plate receiver. XFC =

-(W/2.)*SIN(RAZM(1)), YFC = -(W/2.)*CAS(RAZM(1)),

7ZFC = 0., P@LF = RELV(1), and AZMF = RAZM(1).

If the default values of NXFLX, FAZMIN,

FAZMAX, NYFLX, FZMIN, FZMAX are used then a

single flux point is generated at the center

of the first plate, assumed to be facing north.-
Default: IFLAUT=4 '

XFC=YFC=ZFC=0.0 (m)
PALF=90.0(°)
AZMF=180.0 (°)

DIAMF=16.0 (m) (IT.H-1, II.H-2,V.B-1)
NXFLX IFLAUT=1 or 2 '
FAZMIN Number of divisions around the circumference of the cylinder
FAZMAX for automatically generated grid of flux points, NXFLX;

points equally spaced at azimuthal angles starting at
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NYFLX
FZMIN
FZMAX

ICAVF(I)
(I=1, NUMCAV)

FAZMIN and ending at FAZMAX (in degrees); angles increase
clockwise when viewed from above the receiver:

IFLAUT=1 _IFLAUT=2
0° or 360° » South North
90° 5 West East
180° » North ~ South
270° ., East West

IFLAUT=3

NXFLX equally spaced points along a hdrizonta] axis of the

the plane defined by (XFC, YFC, ZFC, P@LF, AZMF) from a
minimum value of FAZMIN meters to a maximum value of
FAZMAX meters.

Constraint: FAZMAX > FAZMIN (Note that in some cases

with IFLAUT=1 or 2 it may be necessary to
add 360° to FAZMAX).
NXFLX*NYFLX < 169

Default: NXFLX =1

FAZMAX
FAZMIN

180.0 (°)
180.0 (°) (IT.H-1)

Number of divisions along the "height" of the surface (H if
IREC=0, RY if IREC#0) used for automatically generated

grid of flux points, NYFLX; points equally spaced from
FZMIN to FZMAX, in meters; measured from the origin, up
being positive.

Constraint: FZMAX > FZMIN

NXFLX*NYFLX < 169

Default: NYFLX =1
FZMIN = 0.0 (m)
FZMAX = 0.0 (m) (IT.H-1)

NOTE: For-cévity receivers, FIMIN=FZMAX= center of
height of the heat absorbing surafce.

Parameter specifying aperture(s) through which incident
light can reach the flux surface under consideration:

= 0, no light reaches flux surface from aperture I;

# 0, light reaches flux surface from aperture I.

Constraint: IREC =1 or 2

Code default values apply to first aperture.

Default: ICAVF = 1,0,0,0 (IT.H)

The following are specified only for layout/optimization runs:

NFLXMX

NMXFLX(T)
(I=1, NFLXMX)

NFLXMX points on the receiver tested during field
Tayout to check if FLXLIM 1imit exceeded; these are a
subset of the NXFLX by NYFLX points defined above.
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NMXFLX(I) identifies the exact point to be evaluated,
as follows (see Figure (II-10).

If M= azimuthal location between 1 and NXFLX
N = vertical location between 1 and NYFLX

then NMXFLX(I) = M + (N-1)*NXFLX

Cunslrainls: NFLXMX < 4 :

T NFLXMX < MXFLX*NYFLX
NMXFLX(T) < NXPLX*NYFLX

Default: NFLXMX =1
NMXFLX = 1 (IT.H-2,V.B-1)
FLXLIM(I) Maximum allowed flux on the rece1ver in W/mé at
(1=1,MFLXMX) NMXFLX(I) flux point.

Default: TLXLIM(1) - 0.6E+06
FLXLIM{I) (1=2,NFLXMX) = 1.0 E+10 (II.H-2,V.B-1)
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REFTHP

AREF
REFRC
~ REFLP
‘ﬁEFPIP
FPLH

FPLC

ITHEL

_ ETAREF -

FEFF

Default: REFTHP = 4,17 x 10

Default: AREF = 2165.0 (m?)

Namelist NL£FF

Gross thermal power (watts) absorbed by a reference
receiver (area AREF) before receiver and piping radiation
and convection losses.

Constraint: Data should be for same type receiver (1 €.,

external, cavi § etc.) as in REC namelist.
(watts) (IT1.E-3)

Reference receiver area (mz) for cavities, this
should be total aperture area

f

(ITI.E-3)

Fraction of REFTHP transferred to receiver working
fluid after radiation and convection losses.

Default: REFRC = 0.83 (II1.E-3)

Reference pipe length (m) for calculating. piping
insulation losses.

Default: REFLP 170.0 (m) (IT1.E-4)

Fraction of REFRC*REFTHP delivered to storage and
EPGS after piping losses.

Default: REFPIP =.0.998 (III.E-4)

Factor multiplying tower height to give total hot
piping run in a single module.

Default: FPLH = 2.6 (IT1.E-4, IV.A-7)

Factor multiplying tower height to give total cold piping
run in a single module (may be different from FPLH if
expansion allowance different).

Default: FPLC = 2.6 (IV.A-7)

Parameter for design point thermal/electric conversion
efficiency:

= 0, efficiency assumed constant at
all design power levels, value
specified by ETAREF;

# 0, efficiency varies with design
power level as described in Figure
IT1-3.

Default: ITHEL = 0 (I1I1.E-5)

Design point thermal/electric conversion efficiency;

c?nstant at all power levels (only used when ITHEL =
0).

Default: ETAREF = 0.42 | (111.E-5,1V.A-5)

Fraction of design point efficiency describing average
off-design operation.

Default: FEFF = 0.95 ‘ ' (ITI.E-5)
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REFPRL
FSP

FEP

EFFSTR

PF

SMULT

IPH
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tower, etc.).
Nefault: FEP = 0.0 (111.E-8)

Design point parasitic load, expressed as a fraction
of the gross electrical output.

Default: REFPRL = 0.065 : (IT1.E-8)

Fraction of design point parasitic load required for
operation from storage.

Default: FSP = 0.5 _ (I11.E-8)

Fraction of design point parasitic load for operation
electrical aenerating pumps (feedwater pumps, cooling

Round trip efficiency through storage.

Default: EFFSTR = 0.99 (I11.E-7)

Plant factor; expected fraction of the year in which

the plant will be on line. The default value is commonly
used for comparing solar technologies. In a realistic
calculation of busbar energy cost, PF should be some
value less than 1.0.

Nefault: PF = 1.00 ‘ (Iv.B)

Solar multiple at design point; 1/SMULT of the thermal
puwer at the base of the tower goes directly to the
industrial or electrical process at the design point; the
rest is sent to storage. A
Constraint: SMULT > 1.0

Default: SMULT = 1.5 . . (1Vv)

Parameter identifying industrial process heat run instead
of electrical plant run:

=0, electrical plant; outpuf in Mg, mills/kw-hr,
etc,

#0, industrial process heat; code automatically sefs
ETAREF=1.0, FEFF=1.0, REFPRL=0.0, CEGREF=0.0. :

Default: IPH =0 (II1.E-6)



THPPT

NUMTHT
THTST
THTEND

NUMREC
WST
WEND

NUMHTW

HTWST
"HTWEND
I@PTUM

Namelist @PT*

Control parameter for optimizing the heliostat densities.

= 0, no heliostat density optimization. The
default densities (which are a function of the
tower height) are used. The heliostat field
boundaries are optimized;
= 1, heliostat densities are optimized.
Constraint: Tower he1qht cannot be varied if IH@PT = 1.
DefauTt: TH@PT = (V.A-6,V.E-2)

In optimization run, NUMTHT discrete, equally spaced
values of the tower height are tested from THTST to THTEND
(in meters). If NUMTHT = 1, then the tower height is
set equal to THT specified in the REC namelist; THTST and
THTEND need not be specified.
Constraints: THTST < THTEND
1 < NUMTHT < 20

Default: NUMTHT = 1

THTST = 75.0 (m) _ .

THTEND = 400.0 (m) (I,V.A,V.A-2)

External receivers (IREC = 0 in REC namelist): NUMREC
discrete, equally spaced values of the diameter tested
from WST to WEND (in meters). If NUMREC = 1, the only
value of the diameter considered 1s that def1ned by W in
the REC namelist.
Cavity (IREC =1, 2) and Flat Plate (IREC = 3,4)
Receivers: NUﬁﬁEC discrete, equally spaced values of
the horizontal dimension of the first aperture or flat
plate, RX(1), tested from WST to WEND (in meters). If
NUMREC = 1, the only value considered is that defined
for RX(1) in the REC namelist.
Constraints: WST < WEND
1 < NUMREC < 20

Default: NUMREC =1

WST = 8.0 (m)

WEND = 26.0 (m) (I,V.A,V.A-3).

External receivers (I@PTUM = 1): NUMHTW equally spaced
values of the receiver height to diameter ratio (H/W) -
tested from HTWST to HTWEND. If NUMHTW = 1, only the
ratio defined by H and W in namelist REC is used.
Cavity and flat plate receivers (IPPTUM = 1): NUMHTW
equally spaced values of the ratio of the height to
width, RY(1)/RX(1)}, of the first cavity or flat plate

"~ tested from HTWST to HTWEND. If NUMHTW = 1, only the

ratio defined by RX(1) and RY(1) on Namelist REC.is
used. The width W is held constant.

Cavity receivers (IGPTUM = 2): NUMHTW equally spaced
values of W tested from HTWST to HTWEND. If NUMHTW = 1,
only the W defined by namelist REC is used. The aspect

*For all design/optimization runs, set IPR@B = 4 in namelist BASIC.
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RYTRX

RX2TRX
RX3TRX
RX4TRX

NUM@PT
PAPTMN
P@EPTMX

NUMP@S
XTPST
YTPST
XTPEND
YTPEND

NLAND
ALP(I)
CLE(I)
CLN(I)
SLEW(I)
SLNS(I)
{1=1,NLAND)
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ratios of the cavity apertures, RY(I)/RX(I) are held
constant. This option is appropriate for a flux limited
cavity receiver.
Constraints: HTWST < HTWEND
1 < NUMHTW < 20

Default: NUMHTW = 1 -
T HTWST = 1,0

HTWND = 1.0 (II.F,V.A,V.A-3,V.B-1)

IGPTUM = 1

Cavity and flat plate receivers: RYTRX is the ratio
RY(TY/RX{1), assumed the same for all apertures or flat
plates. RX2TRX is the ratio RX{(2)/RX(1l), etc. (See REC
namelist for definitions of RX's and RY's.)

Default: RYTRX = 1.0

RX2TRX = 1.0
RX3TRX = 1.0
RX4TRX = 1.0 (I1.F,V.A-3)

NUM@APT equally spaced net electrical design power levels
from P@PTMN to PPPTMX (in watts) considered for optimal
design.
Constraint: 1 < NUM@PT < 20

PGPTMN < PAPTMX

Cost models not necessarily accurate

helow ~ 107 watts.

) .
.0 x 107 (watts)
0 x 108 (watts) (I, V.A, V.A-1)

Default: NUM@PT
4 P@APTMN

2
2
PAPTMX = 4

nonn

In a 1and constrained design (NLAND > 0, below) NUMP@S
discrete, equally spaced values of the tower location
relative to the origin used to describe the land con-
straints are tested. The tower positions lie along a
1ine specified by the coordinates of the first tower
position (XTPST m east, YTPST m north) and the last
tower position (XTPEND m east, YTPEND m north).
Constraint: 1 < NUMP@S < 20
DefauTt: NUMPES = 1

XTPST = XTPEND = YTPST = YTPEND = 0.0

(I, V.A, V.A-4)

Land constrained field parameters.
NLAND = 0 No land constraint

> 0 The land available for the heliostat at
field is constrained to be within NLAND
rectangles. CLE(1) and CLN(1) are the
displacements in m to the east and north,
respectively, of the center of the Ith



rectangle relative to the center of the first
rectangle. ALP(I) is the angle in degrees
that the Ith rectangle is rotated about its
center from the N-S, E-W orientation (posi-
tive angles represent a clockwise rotation
when viewed from above). SLEW(I) and SLNS(I)
are the lengths of the sides of the Ith
rectangle that, prior to rotation by ALP(I),
were parallel to the E-W and N-S axes,
respectively.
Constraint: NLAND < 5
Default: NLAND = O
ALP, CLE, CLN, SLEW, SLNS =0 (I11.8B-4, V.B-2)

SMULT Solar multiple at design point; 1/SMULT of the thermal
power at thc base of the tower goes directly to the
industrial or electrical process at the design point; the
remainder is sent to storage. ,
Constraint: SMULT > 1.0 ‘
Default: SMULT = 175 (1V)

IPLFL(I) Parameter identifying the subset of the NUM@PT power
(I=1, NUM@PT) levels at which field layouts are printed and descriptions

of optimized system are written on TAPE30 if desired:

0, no field layout output for the Ith power level;
1, output generated for Ith power level.

Constraint: Maximum number of nonzero IPLFL's = 5§
Default: IPLFL = 20*0 (vi.B)

IPRAPT | Parameter for detailed output of zone by zone field buildup
(IPRAPT = -1 is strongly recommended):

0, output suppressed;.

1, output printed. (Note: this option generates a
large amount of output);

=-1, Tim{ted output printed during optimization.

Shows some detail of search and provides useful

ouptut even when program runs out of time.

Default: IPR@PT = -1 A (App. B)
TH@PTP ‘Parameter for detailed print out of heliostat density
optimization:

0, output suppressed ‘
1, output printed (Note: this option generates
a large amount of output).
Default: IHPPTP = O , (App. B)

IBTAPE Parameter specifying if user desires to write the results
of an optimization run on TAPE30 to save as a permanent
file, or to rerun for a detailed performance calculation,
or both:
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IRERUN

1ALL

ISTR

NSTR
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0, no information written on TAPE30;
1, information written on TAPE 30.
Default: I@TAPE = 0 (11.B-2,VI.B)

Parameter for automatically rerunning a detailed per-
formance calculation of an optimized system:

0, no performance calculation;

1, performance calculation of optimized system
according to the choice of the non-zero IPLFL's
(namelist @PT) and TDESP (namelist BASIC).
See Figure VI-2 and Table A.A-2 for required
Namelists.

Constraint: IQ@TAPE = 1 if IRERUN = 1, '

DefauTt: IRERUN = 0 (I1,8-2,VI.D)

Parameter controlling search algorithm:

0, "smart" search (selected subset of THT, W, H,
etc.); .
= 1, all possiblec combinations of optimization
variables evaluated (long running times
required).
Default: IALL =0 (v.c)

Parameter identifying storage optimization in the detailed
performance calculation of a DELSPL optimized design:

= 0, no optimization on storage size; maximum size
as determined in MAX used;

# 0, optimum storage size determined; NSTR discrete
values between 0 and 1 times the maximum size
determined in MAX are evaluated.

Default: ISTR =0 (V.A-7)

Number of storage sizes, between 0 and 1 times the
maximum size, evaluated to find optimum storage capacity.
fur 4 ylven design.

Default: NSTR =1 (V.A-7)



Namelist NLC@ST*

CH - Cost of heliostats excluding wiring; $/m? mirror

surface. '

Default: CH = 75.00 ($/m?) (IV.A-1)
CL ' Cost of land including site preparation; $/m2,

Default: CL = 1.30 ($/m?) (1V.A-2)
CWR Wiring cost parameters; CW, total wiring cost in
CWDR $/heliostat, given by
CWDA

CW = CWR*RAD + CWDR*RSEP + CWDA*AZMSEP

where RAD, RSEP, AZMSEP are calculated from variables in
the FIELD namelist. c
Default: CWR = 0.0475 ($/m)

CWDR = 0.4889 ($/m) '
CWDA = 13.20 ($/m) (IV.A-3)
ITHT Parameter for tower cost:

= 0, cost based on Sandia studies for concrete and
steel towers;
= 1, user supplied values for CT@W1, CT@W2, CTOW3,

XTOW. ' _
Default: ITHT=0 (IV.A-4)
ctowl Tower cost parameters; CTOW, tower cost in $, given by
CTOW2 '
CTOW3 XTOW
XTOW CTOW = CTOW1 + CTOW2*THTB + CTOW3*THTB
where THTB is the actual tower height from the ground to
the receiver base. ‘
Default: CTOWl = 3.02864 x 106 ()
T CTOW2 = -2.33415 x 104 ($/m)
CTOW3 = 1.47152 x 102 ($/m?)
XTOW = 2.0 , (IV.A-4)
CREC1 Receiver cost parameters; CREC, receiver cost in §,
ARECRF - aiven by:
XREC '

CREC = CRECl*(AREC/ARECRF)XREC

See text for definition of AREC and ARECRF for cavity
designs. , :
Default: CRECL = 4.21 x 108 ($)
T ARECRF = 2165.0 (m?2) :

XREC = 0.8 (IV.A-5)

*RTT reference powers in the cost models refer to the power delivered to the
process at the design conditions, not to the power at the base of the tower
(unless the corresponding solar multiple is 1.0).
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CRPREF
TRPREF
SMRP
PRPREF
XRP

CSPREF
PSPREF
XSP

CHPREF
CCPREF
SMPI
PPIREF
XP1

CSTREF
CSTRMD
VSTREF
ESTREF
XST
VMAX

EMPTY

A-32

Receiver/tower pump cost parameters; CRP, receiver
pump cost in §, given by:

THT*SMULT*PTH )
TRPREF *SMRP*PRPREF

where THT is defined in namelist REC or OPT, SMULT in
OPT, and PTH is the design thermal power delivered hy
the heat exchangers. The denominator consists of the
corresponding terms for a reference design costing
CRPREF.
Default: CRPREF
TRPREF
"SMRP = 1.5
PRPREF = 2.6 x 108 (watts)
XRP = 0.85 (IV.A-6)

XRP
CRP = CRPREF* (

0.671 x 106 ($)
170.0 (m)

o=t il

Storage pump cost parameters; .CSP, storage pump cost in
$, given by:

CSP - CSPREF*(PTH/PSPREF)XSP

Default: CSPREF - 1.51 x 10S ($)

PSPREF = 3.0 x 108 (watts) :
~ XSP = 0,15 (IV.A-6)

Piping cost parameters; CPIPE, piping cost in $, consists
of hot (CHPREF) and cold (CCPREF) pipe contributions,

Each of these includes the pipe material itself, fittings,
supports, insulation, and field erection costs.

XP1/2
CPIPE = THT*(FPLH¥CHPREF+FPLCYCCPREF) * (<SHULT*PTH \XP1/

SMPI*PPIREF
where FPLH and FPLC are defined in namelist NLEFF, THT in
REC or OPT, SMULT in OPT on NLEFF. SMPI and PPIREF are
the reference solar multiple and:thermal power corres-
ponding to the reference hot and cold pipe costs.

Defaull: CHPREF = 1.32 X 10 ($/m)

CCPREF = 0.0 ($/m)

SMPI = 1.5
PPIREF = 2.6 x 108 (watts)
XP1 = 1.06 (1V.A-7)

Storage cost parameters; CSTOR, total storage cost in
$, consists of media containment equipment (tanks with
1nsu1at1on, foundation; storage heat exchangers; etc. )
and storage media costs.

) EMPTY Voror XST
—N * * + *
CSTOR = Ngpop*(CSTREF*(1 + =) %( 310 )
STOR
v
STOR
+ CSTRMD*(ir3qee))



ICHE

CHEREF
PHEREF
~ XHEP

Preheater:
CPHREF
APHREF
PPHREF
APHMAX
Evaporator:

AEVREF
PEVREF
AEVMAX

Superheater:

ASHREF
PSHREF
ASHMAX

where NSTOR = integer (VSTOR/VMAX) + 1

EMPTY = number spare tanks
VSTOR = VSTREF*(ESTOR/ESTREF)
Vstor = YSTOR/Ngrog

CSTREF ($) and CSTRMD (%) are reference containment
and media costs, respectively, for a system of volume
VSTREF (m3) and stored energy capacity ESTREF
(watt-hrs). VMAX (m3) is the maximum practical
volume.
Default: CSTREF
CSTRMD
VSTREF
ESTREF
XST = 0.6
VMAX = 1.23 x 104 (m3)
EMPTY = 0.0 (IV.A-8)

4.593 x 106 ($)

3.22 x 10 ($)
4078.0 (m )

9.0 x 108 (watt-hrs)

Parameter for heat exchanger cost:

=0, cost scales with thermal power;

#0, cost scales with individual heat exchanger areas.
Default: ICHE =0 (IV.A-9)

Heat exchanger cost parameters for scaling with thermal
power; -CHTXCHG, total heat exchanger cost in $, given by:

CHTXCHG =_CHEREF*(PTH/PHEREF)XHEP

where CHEREF ($) and PHEREF (watts) are the cost and
associated thermal power of a reference design.
Constraint: ICHE =0

Default: CHEREF = 1.525 x 106 (§)

T PHEREF = 3.0 x 08 (watts) :

XHEP = 0.8 (IV.A-9)

Heat exchanger cost parameters for scaling with individual
heat exchanger areas; CHTXCHG in $ given by:

CHTXCHG = N, *CPHREF *(APH' /APHREF ) XHEA
+ Ng *CEVREF *(AEV' /AEVREF ) XHEA
+ N, *CSHREF *(ASH' /ASHREF ) XHEA
+ Ny, *CRHREF *(ARH' /ARHREF ) XHEA
where NPH = integer (APH/APHMAX) + 1
APH = APHREF (PTH/PPHREF)

" 'A-33



Reheater:

ARHREF
PRHREF -
ARHMAX

XHEA

CEGREF
PEGREF
XEPGS

CFIXED
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APH' = APH/NPH ,

and similarly for the other heat exchangers. CPHREF ($)

-is the cost of a preheater of reference surfacec area

APHREF (m2) and thermal power rating PPHREF (watts),
and similarly for the others. APHMAX is the maximum

practical size preheatéer, etc.

Default: CPUHRCF = 0.0 - (i.e., no preheater in default
APHREF = 1.0 case)
PPHREF = 1.0
APHMAX = 1010
CEVREF = 3.77 x 100 ($)
AFVREF = 1300.0 (ml)
PCVRLT = L.G 2109 (watts)
AEVMAX = (m2) (i.e., no size limit)
CSHREF = 1 ?4 X 10 ($)
ASHREF = 400.0 (m@)
PSHREF = 2.6 x 108 (watts)
ASHMAX = 1010 (m?)
CRHREF = 1.38 x 106 ($)
ARHREF = 310.0 (m¢)
PRHREF =-2 6 X 108 (watts)
ARHMAX = (me)
XHEA = 0. 6 : (IV.A-9)

EPGS cost parameters; CEPGS, tota1 EPGS subsystem cost
in $, given by:

CEPGS = CEGREF*(PTH*ETAREF /PEGREF)XEPGS

~ where PEGREF is the nameplate rating (watts) for the

reference turbine-generator costing CEGREF ($). ETAREF,
the design thermal-electric conversion efficiency, is
defined in nameIist NLEFF.

Default: CEGREF - 27.3 x 10 ($)

PEGREF = 1,12 x 108 (watts) ,
XEPGS = 0.8 (IV.A-10)

Fixed costs associated with all plants independent of
power level (master control, buildings and roads,
etc.).

Default: CFIXED = 7.0 x 105 ($) (IV.A-11)



CONT
SPTS

EXT

ESC
RINF

NYTC@N

AFDC

IFCR

FCR

DISRT

PTI

Namelist NLECON

Confingencies, expressed as a fraction of the total
capital cost.

Default: CONT = 0.12 | (IV.A)

Spare parts investment, also expressed as some fraction
of the total capital cost.

Default: SPTS = 0.01 (IV.A)

Distributable and indirect charges (contractor fees, -A&E
services, etc.), specified as a fraction of the total
capital cost.

Default: EXT = 0.16 (IV.A)

Yearly capital cscalation rate, fraction hetween 0) and
1 (not %).

Default: ESC = 0.08 (Iv.B)
Yearly general inflation rate, fraction between 0 and |

1.

Default: RINF = 0.08 . (Iv.B)

Years to the beginning of the construction period

* from the year in which the capital cost estimate is

made.

‘Default: NYTCEN = O (1v.B)

Allowed funds during construction to cover interest
charges, expressed as a fraction of the total capital
cost. - '

Default: AFDC = 0.15 (5-year construction period) (IV.B)

Parameter for determining the fixed charge rate, FCR:.
=0, FCR supplied by user or default value used; code
does not calculate it;
#0, FCR calculated by the code based on user supplied
values for DISRT, PTI, TC, TR, FDEBT, RDEBT, R@E,
IDEP, NDEP (see below).

Default: IFCR =0 v ' © (Iv.B-1)

Fixed charge rate (fraction between 0 and 1); i.e.,
required yearly fractional recovery of total capital
investment. :

Default: FCR = 0.159 - (Iv.B-1)

Discount rate (between 0 and 1); must be consistent with
value chosen for FCR if IFCR = O. v
Default: DISRT = 0.0996 (Iv.B-1)

Property tax and insurance rate, expressed as a fraction

of the total capital cost.
Default: PTI = 0.025 (Iv.B-1)
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TC

TR
FDEBT

RDEBT
RAE
IDEP
NDEP

NY@P

RH@M

RNHAM

A-36

Investment tax credit expressed as a fraction of the
total investment.

Default: TC = 0.10 , - (1v.B-1)

Income tax rate, cxpressced as a fraction, not %.

Default: TR = 0.48 . (Iv.B-1)

Fraction of debt financing.

Default: FDEBT = 0.543 (1v.B-1)

Debt cost; i.e., appropriate interest rate for borrowed
funds, expressed as a fraction, not %.

Default: RDERT = 0.11 ~ (1V.B-1)

Before tax recturn on equity, expressed as a fraction,
not %.

Default: R@E = 0.15 (1vV.B-1)

Parameter identifying depreciation schedule to be used:
-1, straight 1ine method; '
=2, sum-of-years digits method.

Default: IDEP - 2 _ (Iv.B-1)

Debreciation period (in years) of solar plant equipment,

Default: NDEP = 24 (1v.B-1)

Operating life (years) of a plant for investment recovery.

Default: NY@P = 30 (1v.B)

Heliostat operating and maintenance charge, expressed
as a fraction of field related capital costs.

Default: RH@M = 0,015 ' {1v.B-2)

Balance of plant 0&M charge, expressed as a fraction
of non-field related capital costs.

Default: RNH@M = 0.015 ‘ (IV.B-2)
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APPENDIX B--SAMPLE INPUT AND OUTPUT

The following pages illustrate DELSOL output in conjunction with sample
problems of interest to most users.

' Sample Problem 1 - Optimization of an External Receiver Design; Saving the
Initial Performance

Prob]em Statement

The optimum external molten salt receiver design at power 1eve1s of 75 to
150 MWe with no storage is desired. An incident flux level of 0.85 MW/me §
not to be exceeded anywhere on the receiver. The default heliostat can be
used. The initial performance data should be saved for subsequent ca]cu]a-
tions, and the optimized field layouts should be printed.

Input Cards

SAMPLE PROBLEM 1
$BASIC IPR@B=4, ITAPE=1$
$FIELDS
SHSTATS
$RECS
$NLFLUX$
SNLEFF$
$REC IAUT@P=1$
$OPT NUMTHT=6, THTST=100., THTEND=200., NUMREC=6, WST=8., WEND=18.,
 NUMHTW=3. HTWST=1.0, HTWEND=2.0, NUM@PT=4, P@PTMN=75.E+06,
PAPTMAX=150.E+06, SMULT=1.0, IPLFL=4*1§
$NLFLUX IFLX=1, FLXLIM=0.85E+06$
SNLEFF SMULT=1.0$
SNLC@STS
SNLECONS
$REC W=-1.$%

Ana1ysi§ of Input

For the initial performance calculation in a design/optimization run
IPRPB=4 is specified; the data is saved on local file TAPE1O by setting
ITAPE=1. (A permanent file is made with the control card appropriate to
the user's computer system.) Since the solar subsystems are the same tech-
nology as the code defaults and the desired power levels are close to the
default, no changes are necessary for the remaining performance input. Note
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that there is no need for automatic aiming or flux calculations in the initial
performance calculation.

The next set of cards is read at the start of the optimization calcula-
tion. At this point input changes are necessary to calculate fluxes and test
for flux limits. "IAUT@P=1" on the $REC$ card specifies the 1-dimensional
smart aiming option required for a flux 1imited external receiver design. In
the $@PT$ namelist, tower height and receiver dimensions are varied over a
range compatible with the range of power levels. The variation in receiver
height to width is specified because optimum system designs for this type
problem generally result in designs of greater height to width to allow
spreading of the flux. "“IFLX=1" in $NLFLUX$ turns on the flux calculation and
the flux 1imit is set by FLXLIM. Since the maximum flux will occur at the
center of the north panel for the default design point, only that one point
need be tested. The default values in NLFLUX insure that this is the point at
which the flux 1s calculated and compared to FLXLIM.

The absence of storage is handled by setting SMULT=1.0 (no additional
energy collected) in both $@PT$ and $NLEFF$. It is not necessary to set the
reference costs to zero because the code will calculate zero storage costs if
no enerdgy i$ available to charge storage.

Comments on Output

The first part of the output consists of the performance namelists (pp.
B-3 to B-11) followed by summaries of the heliostat design (p. B-12) and
receiver (p. B-13) used in the initial performance calculation, of the zone by
zone density and heliostat count (pp. B-14 and B-15), insolation table (pp.
B-16 and B-17), and the zone by zone yearly average performance {(pp. B-18 and
B-19). The optimization namelists follow (pp. B-20 to B-28), then a summary .
of the optimization variables and design constraints (p. B-29). The default
choice of IPR@PT in $@PT$ produces the abbreviated 1ist (partly shown on
pp. B-30 to B-31) indicating the combinations of optimization variables
searched along with pertinent information related to each set considered.

The optimization results are then tabulated in a series of readily
tractable tables (pp. B-32 to B-45). Note in the system design summary (p.
B-32) that all design variables fall within the ranges searched except for the
receiver height in the 75 and 100 MWe cases, which 1s at the maximum height to
width. While the energy cost will change little, the user may want to rerun
this case to allow consideration of larger height to width ratios. Note also
in the field layout summary (pp. B-38 to B-44) that the field extends to
RADMAX in all cases for a number of azimuthal zones. The user should rerun
with a larger value for RADMAX to allow the code more flexibility in zone
selection for field build-up.
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+EEEL(T,
0.0,

«1E 01,
S1E¢CY,
«15Ee 01,

CONSTANT LCSSES - MIRROR= ,890 REC REFL= 9€¢

TCTAL= L4859



HELTIOSTAY

¢L-9

RECTANGULAR HELTOSTAT - WIDYH = 7,40 M, HEIGHT = T.40M
OVERALL APEA/HSTAT= S4L.760 M2, REFLECTIVE ARFA/HSTAT= LQ,120 RATIO (REFLEGCTIVE/YOTAL)= ,R97

THE SHADCWING AN BLCOCKING ARE ASSUMEC NCT TC OVEFLAP

THE HELIOSTAT PERFORMANCE €9RORS HAVE NORFAL NISTRIBUTICKRS WITH STANDARD OEVIATICNS CF

NANME VARTABLE EFFECTED STC. CEV (RINY
SIGAZ - AZIMUTH ANGLE : «0C075
SIGEL - ELEVATION ANGLE «0007¢
SIGSX = HSTAT SURFACE, HORIZ. .00100
SIGSY -~ HSTAT SURFACE, VERT. +80102
SIGTXx - REFLECTED RAY, HORIZ. s.ecco0¢c
SIGTY - REFLECTED,RAY, VEST, ~ D.80000

THE 12 FMIRROR FAMNELS ARE CANTED ON-AXIS WITH THE FOLLCOWING FOCAL LENGTHS - RADIAL ZONT  FCCAL LENGTH(M)
1 T 1251.3
2 +251.3
3 42%1.3
% 1251.2
5 =251.3
€ ~2%1.2
4 1251.3
8 2251.3
9 1251.3
10 1251 .3
11 12%1.3
: 12 £251.3
NO. 0° PANELS IN HORIZ, DIRECYION= 2 VERY, CIRECTION = 6

MIRROR PANELS FZCCUSED IN THWO DIMENSIONS
FOCAL LENGTHS OEFINED 8Y USEP

DELSOL CEFAULY LIMB DARKENED SUNSHAPE T ' -

D




)

€1-8

TOWER HEICHT=17¢,00

THE TOWER SHADOF IS

EXTERNAL RECEIVER -

SINGLE AIV POINT AT

RECEIVER

M ABOVE PLANE OF HELICSTAT FIVCYS

CALCULATEC USING A CYLINDER CF FEIGKT=

CYLINDERP HT.= 1€.00 ODIAM.= 16,30 ¥

THE CENTER OF THE RECEIVER (R APERTUFRT

175, M AND DYIAMETYE®



v1-9

7

ZCNING

NO USER CEFIMNEC FIFLD

HELIOSTATS ARE LATID OUT IN A RADRTAL STAGGEP PATTEON

NGTE - THE UNITS CF THE 9QACTAL SEPARATICN ARF THE NUMPER CF HELIOSTAY HEIGHTS, HM=
= THE UNITS CF THE AZIMUTHEL SEPARETICN ARE THE NUMPER OF HELIOQSTAT WIDTHS, WM=

NCTE -

FIELC FADIUS MAX=

7.50 MIKN=

«75 STEP=

«61 YOWHER HETIGHTS

Toe? RETFOS
7.40 MFTERS

THE RADIUS CF THE HELICSYAT IS GIVEN IK UNITS OF THE TOWE® HEIGMT=175,00 METERS

NOTE - MISS, H IS THE FRACTION CF THE 7CNE AVAILABLE TN RACTAL LAYCUTS BFCAUSE 0NF SLIP PLANES

NCTE - FP LAND IS THE FRACTION OF THE LANC WITHIN A ZCNE THAT IS AVAILABLE NUF IC LAND

CCRETRATMTS QR FIELC TAM

RADIUS AZIMUTHAL ANGLE OF HELIOSTAT, NORTH=0, EAST=9Q
0. 30. EN. 8. 1€, 150, 180. 210. 242, 278. T(C. 13¢.
75 CENSITY 440 440 LU0 s4ugp « 400 L) B4 L)) «BLO LY L UG a6
.75 MISS. K «939 «9392 +«939 e3¢ «939 «939 «339 « 939 + <39 <213 «923¢ «338
75 RAD SEP 1.€34 1.€34 1.€34 1.€3¢C 1.€24 1.634 1.€34 1.€34  1.€3¢ 1.€38 1. 3¢ 1.€36
.75 AZM SEP 1.268 1.268 1.208 1.2L8 1.248 1.2468 1.268 1,263 1. 248 1.2%8 1.24¢ 1.2L8
75 FR LANG 1.000 1.000 1.000 1.00C 1.000 1.000 1.000 1. 000 1.000 1.080 1.00¢ 1.000
75 HSTATS 37.4 17.4 37.4 37.6 37 4 37.4 37.6 37.4 I7.4 J7.4 37.4 37.8
1.3¢ CENSITY «uUlE «36 «486 oUGE o4 0B L) «LOE e UTE «U1E «4l6 «ULNE DL
1.36 MISS. K 11 «256 «956 -1 « SCE « <56 «356 * SSE » 956 «CEE «9SE « 95E
1.36 PAD SEP 1.942 1.962 1.9642 1eChi 1. 042 1.94%2 1.942 1.3942 1.942 1.9¢2 1.942 L.9%2
1.386 AZy¥ SEP 1.139 1.139 1.139 1.139 1.13% 1.139 1.139 1.139 1.139 1.1%9 ° 1.13¢ 1.139
14386 FR LANC 1.600 1.000 1.03¢ 1.0{0 1.900 1.700 1.%0¢ 1.000 - t.0n0 1.0CC 1.080 . 1.00°
1.36 HSTATS 106.C 15€.0 1060 10€E." 10€.9 10€.0 10€.0 106.0 105.0 106.C 106.N 1G5.0
1.98 CENSITY «354 «354 «354 «3E4 «354 «354 «354 « 3506 « I54 « 254 «3%4 « 154
1.98 MISS. H + 963 «963 «963 « 963 «9€3 «9863 « 953 «<h3 « 263 « CEZ «9€X « %2
£.98 PAD SEP 24329 2329 2.329 2.32€¢ 2.329 . 2.329 24329 2.329 2.229 2.22° 2.32¢% 2.32¢9
1.98 AZV SEP 1.C88 1.088 1.088 1.088 t.0¢€8 1.084 1.088 1,088 t.088 1. (88 1.088 L. 088
1.98 FP LAND 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.(000 t.000 1.0re 1.000 1.099
t.98 HSTATS 13%.0. 135.0 MY 13€.0 13%.9 130 135.0 13€.0 12<.¢C 131€.¢- 1250 135. 1
2+59 CENSITY «301 «301 <301 | «301 «301 <301 «301 «301 « 301 «301 «301 «301
2.59 MISSe H +9ES « 965 +9ES « 95 « GES « 965 «36¢ o« CEE W CE5 « Q€S «2€S + 965
2.59 RAD SEP 2.803 2.803 2.8102 2.003 2.R02 2.80% 24802 2,803 2.202 2.802 2.013 2.292
2.59 AZNM SEP 1.063 1.063 1. 5€3 1.6562 1.7€3. 1..063 1.0€2 1.M€7 1.0R2 1. (€3 1.062 Le7B3
2.5¢ FR LANGC 1.0080 1.000 1.603 1.0GC 1.009 1.30) 1.000 1.00C 1.CN0 1. (00 1.000 Z.000
2.59 HSTATS 150.9¢ 150.9 15049 t€0.¢ 150.9 1€0.9 151.3 150.3 1€0. 9 150.° 1€0.2 150.3
1.20 CENSITY «256 256 2256 258 «2€68 « 256 «258 «?5E «2%6 « 25F «256 . 266
J3.20 MISS. H «9¢7 «S67 » 967 «CE7 134 « Q€7 «967 « 7 «CR7 «CE7 «967 «267
320 RAD SEP 3.337 3.337 3.337 3.337 3.337 x.T37 3.337 Y337 3.337 3.337 3.337 3e337
.20 AIM SEP 1.0€2 1.052 1.052 1.652 1.0¢? 1.0%2 1.052 1.0%2 1e052 1.052 1.0€2 1.352
?2 7N RO L AMNC A_LA2D L L B 4_~nn q _nra e LN 4NN 4 N~ A.L00 4 r AN I B NS, K *TAN

LAy, I I
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GL-9

veLwy

21.20

3.82
.82
3.82
.82
3.82
J.82

Laold
Lole3
Lolb3
Lokl
4a43
L.u3

5.05
5.05
.05
.06
5.05
€.05

S.66
5.66
£.66
.66
5.66
5.€6

€.27
€427
6.27
€.27
€.27
6427

6.89
6.89
€.89
6.89
6.89
H.89

7.50
7.50
7.50
7.50
7.50
7.50

-

HSTATS |

CENSITY
MISS. ¥
FAQ SEF
A7V SEP
FR LANC
HSTATS

CENSITY
MISS. H
PAD SEP
AZv SEP
FR LANC
HETATS

CENSITY
MISS. H
RAD SEP
AIM SEP
FR LANG
HSTATS

CENSITY
MISS. H
RAD SEP
A2M SEP
FR LAND
HETATS

DENSITY
MISS. H
RAD SEP
AZM SEP
FR LANC
HSTATS

BENSITY
MISS. M
RAD SEP
AZM SEP
FR LANC
FSTATS.

DENSITY
MISS. H
RAD SEF
A2M SEP
FR LANC
HSTATS

«219
<967
3.910
1.068
1.000
16t1.9

«189
«987
L.518
1.(%1
1.030
162.¢

«1EE
«967
5.128
1.0%6
1.000
161.¢

« 146
+367
5.76¢C
1.065
1.000
160.3

«130

«967

E 0L

1.077

1.000
158.1

117
<967
7.050
1.092
1.000
15€.¢

«10¢%
«967
7.73%
1.108
1.000
4.7

st vw

158, €

219
« 967
3.919
1.0Ls8
1.000
161.9

«189
«967
L.S10
1.051
1.000
1€2.F

«166
967
5.128
1.056
1.000
161.¢

<146

« 967

5.760

1.065

1.000
1€0.3

130
.967
£.401
1,077
1.000
158.1

o117
«S67

1.092-

1.000
18€.5

105
«267
7.705
1.108
1.000
4.7

as v v

1€8.F

«219
«CE7
3.912)
1.3“8
1.000
16.9

«189
1%:1-24
4.510
1.0°1
1.000
1€2.€

+1€6

« 967

5.128

1.056

1.000
1€1.9

- o146
- «967
S.760
1.065
1.000
1€0.3

- «130

« 967

E.b01

1.077

i.000
150.1

.117
«9€7
7.050
1.092
1.000
15%.5

«105
«CE7
7.70¢
1.108
1.000
T4,7

168.¢

«219

o CET

3.q10

1.0448

1.000
161.9

«189
€7
L.510
1.051
1.000
1€2, €

* 16F
134
5.128
1.056
1.000
161.¢

«14LE
967
Se760
1.065
1.000
160.3

«130
« <67
6,401

1677

1.000
158.1

117
«CET
- T«050
1.092
1.060
15¢€.¢

«105

o« CE7

7.70¢

1.108

1.000
Tu.7

158.6

210
«CE7
3.91"
1.048
1.000
161.9

1S8,.¢

219

« Q€7

J.210

1. 769

1.000
1€1.¢

«189
«9F7
L.511
1,751
1.000

. 1€2.FE

«166
967
€.128
1.056
1.900
1€1.9

«146

« 967

F.760

1.085

1. 000
1€9.2

«130

« 967

€.401

1077

1.900
158.1

«117

« 867
7.050
1.092
1.000

‘15¢6.5

.105

« 287
7.705
1.108
1. 000
Tue?

168,.¢€

«?19
«967
3.91¢C
1.068
1.000

- 1€1.9

«189
«367
4.510
1.n51
1.000

«16€
367
5.128
1.056
1.000
1€1.9

o14E
«967
5.760
1.065
1.000
1€9.3

«130

«967
6.401
1.077
1.000

158.1 -

o117
«967
7.050
1.092
1.000
15545

«10%
«367
T.70¢
1.108

1000

767

219
«%R7
X,913
1.(L8
1. (00

«189
«CE7
L,511
1.761
1.000
162.F

«1E€
967
5.128
1.756
1. (08
1€1,¢

% U1
« 9267

5760

1.0€65

1,000

16043

«130 °

«967
€.u01
1.°77
1.000

158.1

117

L) 0.67

. 1.050

1.092

1.700
15% .5

«10%

« 967
7.7CS
1.108
1.000
The?

1R, E

«219
« CR7
Y. C1C
1. c“a
1. 000
1€1.9

«189

e OR7

4.510

t.C5¢

1.000
1£2. €

« 16k
«3R7
€.128
1.056
.07
1€1. 9

o 146

1267

€. 76N

1. 0€5

1.000
160, 2

+130
-1 4
€. 0014
1.77
1.700
1€8.1

-117
. 987
7.050
1.092

1.990

1€€. ¢

«105
«9k7
7.70¢
1.108
1.000
74,7

« 168

Se128

1.056

1"05
LET.Q

«1LE

«9E7

5. 760

1.065

1.000
1€0.2

. 130
967
€.601
1. 677
1.700
158.1

. 117
2967
7.050
1,92
1.000

15€.¢

- 10°F
267
r.70¢
1.108
1.00C
Tu,?

1eR.E

<267
.10
1.048
1.000
1£1.9

189
«967
4,517
1.75¢
1.000
1€2.€

<166
«367
€.128
1.£56
1.030
1€1.9

+146
«267
€. 7€0
1.0€5
1.0300
1€0.3

«130
.967
€.401
1,077
1.000

«117
«967
7.050
1. 092
1.000

1€€.5

«10¢
«OR7
T.73%
t.108
1.000
TL.7

« 166

S.128

1.95%

1.C00
161.9

.166
. 967
Ty
1.06%
1.000

1€0. 2

«130
«967
6.401
1,077
1.%00
158. ¢

« 117
967
7.050
1.092
1.1%00
15€.5

«105

« 367
1.108
1.000
.7
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INSCLATICN ANO SUN POSITION
o .
INSCLATTCN CELCULATED USING MEINEL MOCEL
DAY OF THE YEAR =254,750 OECLINATION OF SUN (fFG)= =-Z3.4t NAILY CLEAR SKY INSOLATICN (KWH/PF2)= 5.2°%
THE AVEOAGE CORRECTION TQ CLELFR SKY INSOLATICN TO ACCOJUNT FC® CLCUCTNESS= ,P30 ©
MM OF WATEP= 20,00 ATHMCSPHER[C PRFRSSURE/SFA LEVEL= 1,700
TIME = o0 INSCLATICN(KN/M2)= «858 TRUF ZENITE BMGLE = S8.44 OPSERVED ZENITH= S5f.41 SUN AZTIMUYA = 0.00 o
TIME = 1.0 INSCLATICN(KW/NMN2)= « 344 TRUT ZENTITH ANGLE = F£0.15 ORSEFVAD TENTTH= 6£0.12 SUN A7TMUTH = 15,80
TIVE = 2.0 INSCLATTON(KW/MZ)= «797 YRUS ZENTTH ANGLE = 64,93 OBSERVED 2ENTTH= £6,%F SUN AZTMUTH = 32,41
TIME = 3.0 INSCLATICNIKW/M2)= <697 TRUE ZENITH ANGLE = 72.35 CAOSERVEC 7ENITH= 72,29 SUN AZTMUIH = (2,21 ®
TIME = 3.3 INSCLATICN(KH/M2)= «648 THEUF ZENITH ANGLE = 7F,00 ORSEPVED 7ENITH= 74,06 SUN A7IMLTH = L6, 36
]
DAY QF THF YEAR = 35,375 OGECLINATICN CF SUN (CECGI= =-2€.C9 DATLY CLEAR SK7 INSOLATICN (KKRH/FN2)= E.IE
"THE AVEPAGE CORRECTION TO CLEAP SKY TNSOLATION TO ACCOWNY FC> CLOUDINSSS= ,81Nn
MM OF WATER= 20,00 ATMCSPHERIC PRESSURE/SEA LEVFL= 1.102 L
TIME = (.8 TINSOLATICMIKkW/M2)= «898 TFUE ZENITHR ANGLE = 651,09 ORSERVED 7ZNITH= 654,07 SUN AZIMUTH = 0.00
TIME = 1.0 INSCLATION(KH/M2)= «B2&7 TRUE ZENITF ANGLF = 63,04 CRSERVEC 7ZENITH= ©3,€2 SUN AZIMUTH = 18,13 o
TIME = 2.0 INSCLATION(KW/M2)= «B438 TRUE ZENITH ANGLE = 58,49 ORBSERVEC 2ENITH= S8,4€ SUN AZ7IMUTH = 24,30
TIME = 3.0 INSCLATICMkW/MZ)= «772 TRUE ZENITH ANGLE = E€,57 CRSERVED ZEINTTH= 6€,53 SUN AZIMUYH = 7,77
TIME = 3.9 INSOLATION(KW/M2)= «H542 TRUE ZENITH ANGLE = 75,00 O0B8SERVED 7ENITH= T74.9bL SUH AZT4UTH = E7,4F e
DAY OF THE YEAR = 81,000 OECLINATION DF SUN (DEGI= .€5 DAILY CLEAR SKY INSOLATICH (KWH/W2)= 8.26 ®
THE AVERAGE CORRECYIOMN TC CLEAF SKY INSCLATICN TO ACCOUNT FOR CLCURINRESS= .830
MM CF WATER= 20,00 ATMOSPHERIC PRESSURE/SEA LEVEL=" 1.000 ®
TIME = 0.0 INSCLATICNIKW/M2)= <942 TRUE ZENTTH ANGLE = 364,35 O0RSEFVED ZFNITP:!= J4,2H SUR AZIWUT- = 0.2n
TIME = 1.0 INSOLATICN(KkuU/M2)= « 934 TRUE ZENITH ANGLE = 37,09 OBSERVEC ZENTTH= 37,07 SUN AZIMUT- = 2F,42
TIME = 2.0 INSCLATION(KW/N2)= «9(9 TRUE ZENITH ANGLE = 44,28 OASEPVED ZENTTH= 44,27 SUN AZIPUTE = 45,73 o
TIME = 3.0 INSCLATICNIKW/NMZ)= +8€0 TOUE ZENTTH ANGLE = GS4,15 OBSERVEC Z2ENTTH= 56,12 SUN AZIPUY: = £€3,74 ’
TIME = 4.0 INSCLATVICN(KW/M2)= «7€7 TRUE ZENITH ANGLE = 65.41 CBSERVEC ZENTTH= HE.3IR SUN AZTRMUTH = 72,24
TIME = o8 INSOLATICN(KW/M2)= «627 TRUE ZENITH ANGLE = 75,00 ORSERVED ZENITH= T4,94 SUN A7TIRUTH = 80,03 ®
DAY OF THE YEAR =12€.625 OECLIMATICN OF SUN (CEGI= 1€.72 DAILY GLEAR SKY IKSCLATICR (kWH/M2)= 2.55 ®
THE AVERAGE CORRECTION TC CLEAR SKY INSDLATICN TO ACCOUNT FO® CLCURINFSS= .231
MM CF WATER= 20.00 ATMCSPHERIC PRFSSURE/SEA LEVEL= 1.000 ®
TIME = 0.0 INSOLATION(KW/M2)= +950 TRUE ZENTTH BNGLE = 18,28 0OBSERVED 7ENTTH=  18.27 SUK AZTFUTH = f.00
TIME = 1.0 INSOLATICN(KN/WM2)= « 944 TRUE ZENITH ANGLE = 22.66 OASERVEDR 7ENTTH= 22,65 SUM AZIMUTH = 640.0°%
TIME = 2.0 [INSOLATION(KH/M2)= +92% TPUE 7EPITH BNGLE = 32,39 KCESERVEC 7ENITH= 32,38 SUN AZIMUTH = €3,18 e
TIME = 3.0 TINSCLATION(KW/M2)= +«889 TRUE ZENITH ANGLE = 43,96 DASERVED 7FNTTH= 42,95 SUN AZIMUTH = 77,29
TIME = 4.0 INSCLAYION(KW/M2)= +827 TRUE ZENITH BNGLF = G5€,.,13 DNRSERVEC ZENITH= E£6.91 SUN AZTIMUTH =  A47,31 ®
TIME = S.0 INSOLATION(KW/MZ)= «T15 TRUE 7EMITH ANGLE = 68.40 DBSEPVED 7ENTTH= €8,36 SUN AZ2IMUTH = 95,78
TIFE = 6.5 INSOLATION(KW/M2)= «612 TOUE ZENITH ANGLE = 75,00 CRBSEPVEC 7ENITH= 74,36 SUNR A7TMUTH = 100.10
: o
DAY OF THE YEFR =172,250 ODECLINATIOK OF SUN (DEG)= 23.44 DATLY CLEAR SKY INSCLATION (KWH/M2)= 10,02
THE AVERAGE CORPECTICN TC CLEAP SKY INSOLATICN TO ACCOUNT FOR CLCUTTNESS= ,0I0 -~
MM CF WATER= 23,00 ATMCSPHERIC PPESSURE/SEA LEVEL= 1. 9C0
TIME = 0.0 INSCLATICN(KW/MZ)= «94T? TRUE ZENITE ONGLE = 11.5F 32SEPVEC ZENTTH=  11.8¢ SUN AZIMUTH = 0.00
TIME = 1.0 INSOLATION(KW/M2)= +9G1 TPUE ZENITH ANGLE = 17,42 JASEPVED 7ENTTH= 17,42 SUN ATIMUTH = 82,47
TIME = 2.0 INSCLATICN(KW/M2)= «924 TFUE ZENITH ANGLE = 28,67 29SEFVET 2ENTTH= 28,47 SUN ATTIMYTH = 74,19
TIME = 3.0 INSCLATICM(KW/M2)= »892 TPUE ZENTITH @NMGLE = 4C,57 JRSERVEL 7SNITH= 640,56 SUN AZINUTH = 85,92 ~
TIME = 4.0 INSCLATICN(KW/M2)= +»838 TFUE ZENITH AMGLE = 652,85 JRSEPVFC ZFNITH= £2,33 SUN A7IMUTH = 94,52 )
WA A S () INSOLALLONLK /M°) o LN IR CATT AR TS0 & TTIN LTRSS L1 ] SRSERUED zth‘;;u- Sl SUN AT TMOTEE = 412 Mo




)

[1-9

TIvE

YEARLY INSOLATICN C(KWATT-HOUR/M2)

S.8

ISRV EST .

INS CLATICNC kW/M2)=

HRS CPERATICN FPER YEARP= ,28L75¢(4

«F 18 Tﬁté iéNIYP AMCLE

75,30

CRASEQVEC 7ENTThs

Tu,cu €N A7TMCTH

- CLEA? SKY = 2902.1 TIMES WEATHE®D FAC+C° CF LAY GIVES NET OF 24n08,7

178,17



e .
® YEARLY EVERAGE PCRFORYANCE
®
SAMPLE PPCELEM 1
L
°® TOTAL FERFGRMANCE INCLUNES REFLECTIVITIES BUT NOT RADIATEGN ANC CONVECTICN LOSSES
® THIS PEFFORMANCE CALCULATION IS ONLY USSD AS TNFYT FOR NESIGN CPTIMIZATION - ALL SPILLAGES ARF SETY
L
Py RADTUS AZIMUTHAL ANGLE GF HELICSVAT, NCGPTH=(Q, EAST=QQ
e. 18, 6., 3g. 120, 150, 180,
: .75  COSINE .929 .920 .897 o EES SE3 . 813 .8nE
°® .75 SPILL 1.080  1.000 1.000 1.000 1.000 1.000 1.000
.75 ATTEN .72 .72 .q72 <72 .672 .972 .972
«75  SKADCH .912 <896 .914 .914 .939 .62 .251
Ps .78 BLCCK 1.000  1.%00  1.000 1.08C 1.780  1.000 1.000
.75 TOTAL .707 +688 .684 +€59 6%k +639 «€39
® 1.3¢  COSINES .914 .901 +865 CEHLE T <743 <733
1.36  SFILL 1.000  1.830 1.%00 1,690 1,000  1.99)  1.009
® 1.36  ATTEN +364 +960 «9EG «2€4 Q€L . 964 «T6b
1,36  SHADOW .921 .317 +926 .c30 4943 954 .358
1.36  ELCCK 997 998 <998 .298 .997 <998 +999
® 1.36  TOTAL <95 <683 <662 €29 JE03 586 .581
°® 1.98  CCSINT .897 .082 .840 .785 733 <699 -687
1.98  SFILL 1.000  1.000 1.000 1.€08 1,000 1,000 1.000
1.98  ATTEN +956 <956 958 €56 «€%6.  .956 «956
PS 1.98  SHADON .231 .99 . 962 .S47 «S56 . 966 .277
1.98  BLCCK .992 «29% <99 ~99%. .992 +992 $992 .
1.98  TOTAL 680 .683 «£4S +€06 WET1 550 2546
o
2.59  CCSINE .286 .868 .822 762 .707 X34 .65¢
Py 2.59  SFILL 1.000 1.000 +000  1.€00  1.0C0  1.000 1.000
< 2.59  ATTEN 2967 c27 «9u7 N1%4 <947 <967 <947
2.59  SHADOM «951 <969 <959 1313 .7 .977 .283
PY 2.59  BLCCK LT <991 .991 .991 . 989 .987 .986
2.59  TCTAL LE77 «678 «636 JE0 .5€2 .€25 «518
¢ 3.20  COSINE 875 .858 .810 747 <89 .651 <638
2,20 SFILL 1.000 1.800 1.000 1.000 1,000 1.909 1.700
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cames OPTINIZATION =e==e

-

CELSCL WILL DO A SMART SEARCH OVER THE OPTIMIZATICN VAFIABLES - NOT EVFRY CASE WILL BE GALCULATEN
NC OPTIMIZATION OF HELICSTAY DENSITIES
THFPE AFE 6 VALUES CF THE TOKER HEIGHY

PININMUM VALUE = 100.080
MAXIMUM VALUE = 26J.08C

EXTERNAL CYLINDRICAL RECETVER

THERE ARE 6 VALUES OF THE CYLINDER CTAMETESP
MINIMUM VALUE = 8,000
MAXIMUM VALUE = 18.000

THERE ARE 3 VALUES OF THE HEIGHT TC WICTH RATIC
MINIMUM VALUE = 1.000
MAXIMUM VALUE = 2.000

THERE APE & VALUES OF THE CESIGN POINT POWER LEVEL IN WNEGAWATYS ELECTRIC
FINIMUM VALUE = 75,000
MAXIMUM VALUE 'z 150,000

CONSTRAINTS ON CESIGNC(IF ANY)

: THE FLUX AT THE 1 POINY OK THE FECEIVER MUST RE LESS THAN «850E+ (£ K/N2
THE ORIGIN OF THE FLUX SURFACE IS PROFORTIONAL YO THE RECEIVER DIAMEYED

THE CRIGIN CCCRCINATES EXPRESSED AS FRACTIONS CF THE REC. DIAMETER ARE, EAST= €.000 NOPTH= 0.(00 UP= 0,000

FLUX SURFACE IS THE OUTSIDE OF A CYLIMNDER. WHOSE DIAMETER IS 1.000 TIMCS THE RECEIVER CIANETEC

THE FLUX POINTS HAVE & CCASTANT AZIMUTH AND A HEIGHT THAT SCALES WITH REC. HT, (EXT, PFC.) OR PEC, NIAM.(CAV, PEC,)
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ITERATINGy THT= 10040 FIRSY RECEIVER VARIAPLF= 8,000 SECCNDO = 8,000
MAX. DESIGK PT. PHR - THIS REC.= €3.09 ANY RECey THIS THT= 66
MAXIMUM FOSSTIBLZ FOWER = E3.89 MUE THIS TS LESS THAN THE MINTMUM POWE

ITERATING, THT= 120.0 FIRSY RECEIVER VARIAELE= £.000 SECCND = 8,000
MAX. DESIG™ FT, PKR - THIS REC.= 87.78 AKY REC., THIS THT= <8.

NEXT ZONE WILL EXCEED YHE FLUX AT THE {1 MAXINMUM FLUX PCINT,DES. PHR=

ITERATINGy THT= 120.0 FIRST RECEIVER VARIABLE= B.000 SECCND = 17,000
MAX. CESIGk FT, PWR = THIS REC.= 91. €3 ANY REC., THIS THT= a8,

NEXT ZCNE WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLU> FCINT,DES. PWR=

ITERATINGy THT= 120.0 FIRPST RECEIVER VARIAPLE= B,000 SECCND = 16,000
MAXe DESIGr PT. PWR - THIS REC.= 90.96 ANY REC.y THIS THT= 98.

NEXT ZCNE WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLU) FCINT,DES. PHR=

ITERATINGy THT= 120.0 FIRST PECEIVER VARIARLE= 10,000 SECOGND = 10,000
MAX, DESIGM PT, PHFP - THIS REC.= 93,22 ANY REC.y, THIS THT= %.

NEXT ZCONE WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX FOINT,DES. PHWP=

ITERATINGy, THT= 120.0 FIRST RECEIVER VIRIAPLE= 10.000 SECONT = 15.000
MAX. DESIGM PT. PKR - THIS REC.= 93,14 ANY REC., THIS THT= 96 .

NE¥YT 7ONE WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX POINTY DES. PHR=
ITERATING, THT= 120.0 FIRST RECEIVER VARIABLE= 10.00% SECCND = 20.000
MAX, DESIGN PT, PHR - THIS REC,= 91.24 ANY REC., THIS THT= 96.
OPTIMUM - PONER= T75.0MKE, FFF= o212 FLUX= 479 0.0C 0.G0 0.00MWT/¥2, K
ADDING MCRE ZONES WILL NOV REACH NEXT POMER LEVEL - LAST PONWER= 75.97

TTERATING, THT= 120.0 FIRST RECEIVER VARIAELF= 12.08( SECCNC = 12.009
MAX, DESIGN FT, PKR = THIS REC.= 93+ €3 ANY REC. s THIS THT= g5,

NE¥T ZCNE WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX FCINTLDES. PWR=
ITERATINGy THY= 120.0 FIRST RECEIVER VARIAGLE= 12,000 SECCND = 18.000
MAXe DESIGN PT. PHR = THIS REC.=  3J1.57 ANY REC,y THIS THT= 95.
- POWER= T7S5,0MKE, EFf= o211 FLUX= 79 0,00 0.00 0. 00MWT/¥2, X
ADDING MORE 20NES WILL NOT REACH NEXT POSER LEVEL - LAST PONHER= 75.98
ITERATING, THT= 120.0 FIRST RECEIVER VARIAELE= 12,000 SECCND = 24,000
MAX, CESIGN PT., PWR = THIS REC.= 38.72 ANY RECe s THIS THT= 95.
- POWER= T5,0MkE, EFF= ,202 FLUX= 450 0.00 0.7N0 0,00MWT/M2, X
ADDING MCRE ZCNES WILL NOT PEACH NEXT POHER LEVEL - LAST PCWER= 75.12

ITERATING, THT= 140.0 FIRST RECEIVER VARIABLE= 8,000 SECCNC = 8.000
MAX. CESIGM FT, PWP - THIS REC.= 113.07 ANY REC., THIS THT= 134,

NEXT ZCNE WILL EXCEED THE FLUX AT THE 1 NAXTIMUM FLUX FCTNTLDES. PuUR=

ITERATING, THT= 160.0 FIRSTY RECEIVER VARIAFLFE= 8,000 SECCNC = 12.0100
MAx, DESIGN PT, PHR - THIS REC.= 121.€% ANY REC., THTS THT= {3,
LL EXCEEC THE FLUX AT T

NEXT ZCN . MAXTIMUM FLUXY FCINT,CES, PW

88y, MINIM;M PCWER® OF INTERPEST= 7.80
R OF INTERESY = 75,03 MWE MO FIELT BUILCUP
B4, MINIMJK POWER CF INTEOEST= Tt.09

f.31 LASY BEEC= 10,00
D&y MINIPJIM POWER OF INTEREST= 7€ .00
11.84 LASI B2EC=  0.80
064, MINIMJY “OWER OF INTEPEST= 7¢.00
33.4C LAST REEC= 0.00
76, MINIMUB POWER OF INTEREST= 7%.02
11,32 LASY BEEC= " 0.00
76~ MINIMLM FOWER OF INTEREST= 708
29.31 LAST BEEC= 0,00
764 MINIMUM POWEFR OF INTEREST= 75.0%
WHE= «164F 409, CAPITAL= EL.DOME, PUSPAR= 112,1F¢
074+ MINIMUM PCKER OF INTEREST= T€.00
20.01 LASY RRC=113,1¢
07, MINIMUKM PCWER OF INTEREST= 7,30

WHR= «1€3€439, CAPITIL= EL.CBMB,

07+ MINIMUR PBWER OF INTVEREST= 7C.40
WHR= «1E37 489, CAPITAL= £5,P2M3, TUSRAR= 117,21
[ ]
€9y “INIMUM PCWEF OF INTEREST:= 7%.01
7.53 LAST NREC=117,23
€3, PINIMUM FCWER OF INTFREST= 7. 60

10,47 LAST NPEL=117,23

qUSRAR= 113, EF

- evo—
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I'EPATiNG. THT= 140.0 FIRST RECEIVER VARIAELE= A.000 SECCNC = 16,000 .
MAX, DESIGM PT, PUF - THIS REC.= 121,%8 ANY RECey THIS THY= {34.€9, MINIM!M PCHTOD NT TNYEQCSTY=: TEe 3%

NEXY 7Z0ME WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX POINY,.DES. PHP=z 23415 LAST "ea0=2417,23

ITERATINGy THT= 140.0 FIPSY QECEIVER VACPIARLE= 18,000 SECCNE = 10.990
MaAxX, DESIGN FT, PXR - THIS REC.= 124,75 ANY REC.,, THIS THT= 133,47, VINIPUM PCWEF NF TNTEREST= 7€.601

NEYT ZCNF WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUY PCINY,,[ES, PWP= 110.38 LAST RPEC=11T7.23

ITERATING, THY= 140.0 FIRSY RECEIVER VARIA®PLE= 10,006 SECCNC = 15.009 ’
MAX, DESIGN PY, PHR - TYHIS REC.= 127.7C ANY REC,, THIS THY= 133,47, MINIPUM POWER OF TRTFREST= 7€.09

NEXT ZONE WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX POINT,DFS. PHR= 23.52 LAST "pEC=117.23

ITERATING, THT= 140.0 FIRSY RECEIVER VARIASLE= 10.00% SECCMO = 29.000
MAX. DESIGN FT, PHR - THIS R€C.= 125.%8 ANY REC., THTS THY= 133,47, MINIPUH POWER OF INTERESY= 7¢.09

NEYT ZCMNE WILL EXCEED THE FLUX AT THE 1 MAXIFUM FLUX POINT.DES. PHR= ' S7.67 LAST NPEC=117,23

ITERATINGy THT= 143.0 FIRSY RECEIVER VARIAPLF= 12,000 SECOND = 12.100
MAX. DESIGN FT. PHR - THIS REC.= 128,11 ANY REC,, THTS THT= 131,83, FINIMUM POWE® OF TNYERFST= TE.00

NEXT ZONE WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX POINT.DES. PHR= 12.4F LAST NBEC=117.23

ITERATINGs THT= 140.0 FIRSY RECEIVER VARIAPLE= 1.000 SECCND = 18.000
MAX, DESTIGN PT, PHR = THIS REC.= 127.1% ANY REC., THIS THT= 131,83, MINIPUM PONSR OF [KVEREST= 7€.0C

NEYT ZCNE WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX POINT.DES. PWR= . 50,55 LAST APEC=117.23

ITERATINGy THT= 140.0 FIRST RECEIVER VARIABLE= 12,000 SECOND = 26,000
MAX, DESIGN FT, PHR = THIS REC.= 124,78 ANY REC., THIS THT= 131,83, MINIPUM POWNER OF INTEREST= 7¢.179
- POMER: TS5,0MWE, EFF= ,208 FLUX= .67 0,00 0,00 0.00MNT/M2, KWHP= «15%E409, CAPIYAL= €L,.72M%, BUSRAR= 114,00
OPTIMUF = POWER= 100.0MKE, EFF= 210 FLUX= 72 0o0C 0.C0 0.0CMNT/N2, KWHR= «218F 408, CAPITAL= R1.27M%, PUSRAR= 10f.1Y

ADOING MCRE ZONES WILL NCT RPEACH NEXT PONER LEVEL - LASY PONER: 101.47

ITERATINGy, THT= 140.0 FIPST RECEIVER VARIAPLE= 14,000 SECCND = 14,000
MAX, DESIGM FT. PHR =~ THIS REC.= 128.28 ANY REC., THIS THT= 129,82, MINIMYM POWER OF INVERFST= 7¢.00

NEXT ZCME NILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX FCINT,DES, PHR= 28,48 LAST nREC=108,13

ITERATINGy THT= 160.0 FIRST RECEIVER VARIARLE= 164.,00C SECCND = 21.000
MAX. DESIGM PT, PNR - THIS REC.= 125.(8 ANY REC.y, THIS THT= 129,82, NMINIMUM POWEF OF INTEREST= 7%.38
.= POWER= T7S.CMWE, EFF= ,208 FLUX= 76 £e00 Ce2C 0. 00MKT/M2, KHHR= «159F ¢0C, CAPITAL= €L,72M%, BUSHAR= 118.1F
= POWER= 100.0MME, FFF= 211 FLUX= <79 0.00 0,00 0.0CMNT/M2, KMHR= «217<4¢09, CAPITAL= 81,09M$%, EUS®AR= |0R.18
OPTIMUM - POKER= 125.0NWE,. FFF= (20€ FLUX= .79 0.00 £.00 0.0TMNT/H2, KWHR= «280€E+59, CAPYTAL= 99,573, BUSBAR= 172,12

. ADDING MORE 2CNES WILL NCT REACH NEXT POWER LEVEL - LASY PCWER= 12%.08 . '

ITERATINGy THT= 160.0 FIRST RECEIVER VARIAPLE= 14.,0C0 SECCNC = 23,009 .
MAX. DESIGM FT. PHR - THIS REC.= 121.21 ANY REC., THIS THT=z 129.82, MINIMIM POWER OF INTERESTY= 7.0
- POHER= TS,0MHE, EFF= L19E FLUX= - .47 0.00 0.00 0.CCHNT/M2, KWHP= « 1577409, CAPTTAL= £E,72M3, FUSRAR= 123.11
- POWER= 100.0MKE, EFF= o200 FLUX= '8 0.0C £.0C C.O00MUT/M2; KWHP= «Z1EE N9, CAPTYTAL= 87,%aM%, 2USRAR= 111,75

ADUING MORE ZCNES WILL NCT 9EACH NEXYT POWER LEVEL - LASY PONEP= 100.84

ITERATING, THT= 160.C FIRST RECEIVER VARIAELE= 1€.000 SECCND = 16;000
MAXo. CESIGM PT, PHR = THIS RECe.= ~12€.71 ANY RECaey THIS THT= 127,404, MINIMUM POWFR NF [NTEOFSY= 7. 00

NEXT ZGNE ®WILL EXCEED THE FLUX AT THE 1 MAXIMUM FLUX FCINT,CES, PWUP= L1 A% LAST npeEC=3:11,.7¢%

ITERATING, THTz 140.P FIRSY RECEIVER VARTAPLF= 1£.C07 SECCNG = 26,009
MAXe CESIGH PTi PhR.~ THIS REC.= 121.P5 AKY REC.s THIS THT= 127,44, MINIM'M POWER PF [NTEOFSTz  7E,00
- PONER= 75.,0MWE, EFF= ,198 FLUX= .5S C.00 0.00 0.0CMWT/M2, KHHP= 157709, CAPITAL: 6F,F1M§, EUSSAR= 122.T1
v O S e DM e L E T 202 X BE Lol L L0 L ALPUTIMD  KHHDS 20604000 LARYIAL: A2, 3382, PUSBASZ t11, 28
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SYSTEM QESIGM

SAMPLE PROBLEM 1

DESIGN PCWER RAMGE = T7F2.C0 TO 150.56 NMWE

SOLAR PULTIPLE 1.50 FLUX LIMIT(S)= «85GF¢CE «10(ErQQ
DESIGN PCINT, CAY= 81.C000 HCURS PASY SOLAR KCCN= 0,000

DES.POWER BUSEAR COST TOWER HT RECEIVER CTAM RECEIVER

(MKED (MILLS/KHHRY (5.1 (M) (3.3 ]

75.00 113.1€ 120.00 10.00 0. 00
100.00 108.13 140.00 12.9¢C b, 0C
12%.36 163,12 140.0C 16.0C 1.00
1€0. 97 100.97 1A0.00 16.00 .00

«1 (O0E+0D9 o

INSOLATICN =

HY

NOHELTOSTATS L 4NT 2PRFA

6990,
2397,
1228%5.
b7y,

00E® 02 W/t2

« 3500 Ww/¥2

txMzy
1.773
2.13¢
3.uz3
3.779

® © 6 © o o o & o o © oo © & © ¢ o o o



ANNUAL PERFCRMANCE EREAXQCHN
CONSTANT - MIPR(P PEFLECTIVITY= .892 PECE IVER ARSCORFTIVITY= ,9f%

DES.POWEP CCSIME SHAD#RLOCK ATM,TRANSMIT., INTERCEPT PREC.RAD-CON PIPING TOTAL THERMAL-  TOTAL

3

€e-4

(MWED THERMAL ELECTRIC

75.12 «77¢ «969 «9u7 « GR7 +PR3 « 994 «532 «3¢3 «212
1€0.°¢C «7814 +SER «S4g » €89 «875 « 3394 «£2% «3¢3 o1
125.2r1 o TLE «272 «935 294 898 «99% «S16 «3¢3 «20E
150.130 «T€2 «97¢ 931 « 294 +R88 « 994 «%19 « 3099 o207



® . e
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@ e
. FLUX CN PECFIVER AT PCONTYS YESTFD FOR MAX TMUM FLUY e
® ¥ ]
‘ DES.PORKER(MKE ) FLUX PT, MAX FLLXIW/M?) FLLY PY, MAX.FLLUYIW/¥Z) FLUX PT ., MAY (FLUY(K/M?) FLUBY PT, MAY ;FLUXIH/M2)
75.00 1. +TASE+0E ' :
100.C0 1 o T24E+QF
. 12€.00 1 «7BRESNE
150.09 1 «7T81E80¢
®
®
@
@
®
»
®
»
®
»
®
®
»

? © © © © ¢ 6 ¢ © © 0 © o0 o o
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DES.POKFR
{MKHE)

75.00
109.02
12%.C3
150.00

CAPITAL CCST AREAKDCHN

ODIRECT CAP,COST
(M8, CURRENT EST,)

fL.00
81.27
99.57
115.48

LAND

3.€0
374
bol?
4.25

PERCENT -
-WIRE HEL
1.%¢ 4N.24
1.F9 42.59
1.086 45 .45
1.0 LE.16

TOH

3J.F¢€
l.08
254
2.“9

‘REC

2,44

2.58
2014
2428

PIPE

Goliy
4.72
4e33
.70

PUMP

. €S
W67
.‘3
oF8

TR

.47
g.¢
0.70
0.CR

FFGS

3e, 9%
.68
29.°3

2%.AF

MTXCHG FIYFR

1.£6
1.€%
1.F1
1.4

10.94
BeF1
7.03
‘f.os
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D ANNUAL ENEPGY PREAKCCWN

PLANT FACTOR KEATHER FACTO® DES.PT.PAR.LCZ2D AVG.PAP.LCAD
D 1.9C0 «830 ' «QEC «N&E

DES.POWER CVERALL EFFICIENCY HRS.STCRAGE TOT.KHHR FEG YEAR GCAPACITY FACTQR
D (MRE)

75.00 «212 0.00 18 ENF#0C 250
D 100.00 « 210 g.NQ «21 BOE 0T 204G
125,0¢C «20E JeCO <28 (NE42C «25€
150.00 207 0.00 e331754n¢ 252

® & o o o o o o o o . @




RBEC CALCULATION EREAKDCHN

CONTINGENCY SPARE PARTS TINCIRECT CAP,ESCALATICN INFLATICK NQO.YRS TINT,CUPINM FIXEC CHG LEVHEL,C-M(PCT LEV,RAL.C=-M{PCT

. (PCY CAP.COSTS) (PCT/YR) (PCT/YR) TC CCONSe CONS(PLT) DATE(PCT/YRY HELL.CAPLCOST) OTHZP CAP.LCSTY
12,00 1.00 1€.00 8.00 8.00 ] 1€.00 1%.90 TeF b J.€L
DES.PCWER TCT,CAP.COST EST.(MR) TOT.INVESTMENT(ME) TOT, TMVESTMENT(HS) ¥/ KWE BRECIMYLLS/KHHR) RPERIMTLLS/KWHR)
(MWE) INDIRG4ETC. o INCLUDED BY {ST YR CPERATICN CURPENT 3 CURRENT & (ST vP CPERATICN CLOPENT ¢
.fS.UO B2.57 94,9¢ 96.95 126€.91 112.1¢€ 113.1¢
1¢o.0C 184,84 ) 120. 57 120.57 12C65.71 108,132 108.13
125,24 128.4°F 1647.72 147.72 1181.75 103.1¢2 . 103.12
150,00 168.97 171,32 ) 171.32 1162,14 1€0.97 100.97

)

Le-9
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e
FIELT LAYCUT
DESIGN FCWER(MKE)= « 7EQER 2
AZ TMUTHAL ANGLE .0 30.0 €0.0 90.0 120.0 180. ( 180.¢C
MIN. PAQIAL ZCNE NO. 1 1 b 1 1 1
MAY. PATGIAL ZONE NO. 12 12 12 11 € g
[
FIFLC DESCRIPTICN - LANC AREA(M2)= «177E+G7 MIFROR ATEA = +«3GIE+0E NC. OF HSTATS= €£949n. AVEPAGE CENSITY = 1394
RADIUS AZIMUTHAL ANGLE OF HELICSTAT, NCRTH=(C, FAST=9(
O. 30. 60. 90. 1:0. 150. 180.
e
75 CENSITY <430 «430 o430 39 LY «430 o4 20
75 MISS. H «920 «920 929 «920 220 «92) «920 o
75 RAC SEP 1.€34 1.E34 1. €34 1.€34 1.634 1.€34 1.€34 :
.75 AZM SEP 1.276 1.276 1.276 1.27€ 1,276 1.276 1.276 .
75 HSTATS 16.8 1€.8 16 .8 1€.8 1.8 1€.8 16.8 ° 0.
75 F LANC 1.000 1.000 1.000 1,600 1.900 1.000 1.09
[
1.36 CENSITY «400 <400 <400 «400 «400 « 400 <400
1.36 MISS, H «9bL1 «9h1 941 %l 0341 13| «941
1.36 RAD SEP 1.942 1.942 1.942 1.942 1.942 1,962 1.942
1.3¢ AZF SEF 1.155 1.15¢ 1.155 1.155 1.155 1.155 1.165%
1.36 HSTATS LT- A L84 LBk Lol LEL LE.G. LA
1.386 F LAND 1.000 1.000 1.008 1.000. 1.000 - 1,000 1.000 ®
1.98 DENSITY «358 «350 «35C .111] «3%0 «X50 «35¢0 o .
1.98 MISS. H «949 «969 «949 «949 949 « 949 «34 ¢
1.98 RAD SEP 2.329 24329 2.329 24329 2.329 2.329 2.329
1.98 AZM SEP 1.101% 1.101 1,101 1.101 1.10¢ 1.101 1.101 o
1.98 HETATS €1.9 61.9 61.9 61.9 £1.9 €1.9 61.9
1.98 F LAND 1.007 1.000 1.008 1.000 1.900 1.000 1.000 ®
2,59 DENSITY +298 «298 «298 «298 «298 «298 «298
2.59 MISS. H «952 «953 «953 »953 «9€3 « 953 «953 ®
2.59 RAD SEP 2.813 2.803 2.8133 2.803 2.803 2.803 2.803
2.59 AZM SEP 1.074 1.074 1.074 1.C74 1.074 1.07% 1.076
2.59 HSTATS 69.2 62,2 69.2 6%.2 €9.2 ‘69,2 £9,.,2
2.59 F LAND 1.000 1.600 1.000 1.001 1.000 1.090 1.000
3.20 DENSITY 253 «253 253 «2%3 «283 « 253 263
3.20 ®1SS. H -1 +«954 «9%4 9S4 A1l « Q5% <954
.20 RAD SEP 3.337 3.337 3.337 3. 327 1.327 X337 3.337 @
3.20 AZM SEP’ 1.0€3 1.063 1.0€3 1. 5€2 1.0€T 1. 063 1.767
T.2¢C HSTATS 72.9 72.9 72.9: 7.9 72,9 72.9 72.9 -~
3.20 F LAND 1.000 1.000 1.000 1.000 1.700 1.000 1.000
3.82 CENSITY 217 0217 «217 « 217 217 «217 217
3.82 MISS. H «956 «255 « 255 «CE5 «9E5 « 855 +955
3.82 PAD SEP 3.910 3.910 3.c10 .10 J.210 Y.910 3.910 -~
3.82 AZM SEF 1.059 1.059 1.0%9 1.€62 1.0%9 1.059 1.059
7 09 — £ - ¥ PL L L b 4 N A = ¥ N N i SN 24 r
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3.62° F LAND 1,960 1007 1,006 £.760 1967 1,030 G.908

Lol T CENSITY . L187 - .187  .187 <187 . .87 187 197
Gol3 M\ISS. H «95% : .?55 » 959 .°.E'5 .G_EF o OF5 «358
L.t3 PAD SEP o510  LeS10  4aS10 L 516 4eS1) 6.510 4.51¢
“Wek3 A7V SEP 1.0E1 1,062  1.061  1.C€1 “1.061 . 1.061 1.861
443  HSTATS Teo? - The7 - 7,7 T4e? 74,7 8.0 0.0
L3 . F LAND 1.000 ' 1,000 1,000 1.000 1.360 .00 0.000
5.05  CENSTITY «168 o166 1 L1667 1L T L1E6 «16h o164
S.05 - MISS. H «95%  .955° ¢ 956 « €55 «9EF « 955 »955
.05 RaD SEP - S.12¢ S5.128 E.128 5,128 S.128  S.128 5,128
5.05 A SEP 1,067 - 1,067 1,067 . 1.067 - 1,767  1.767 1,067
5,05  HSTATS Tuelt . Theb Theb Tueb Theb 0.0 tel
5.05 . F LANO 1,000 - 1,000 1,000 1,000 1,000 0,900 0,900
€.66  OENSITY °16S *145 o145 o146 o145 <145 o165
5.€6 VISS. H 955 . .95 . ,955 « €85 <S55 - .955 «95¢
5.66  RAD SEP . 5e760 5,760 5.760 5,760 S5.7€0 S.760 5,760
S.€6  ATM SEP 1.076  1.087€¢  1.076  1,07¢. 1.87€ 1.076 1,076
5.66  MSTATS 73.7 3.7 73.7 73.7 7.0 0.0 9.0
.66 £ LAND 1,003 1.030 1.000 1.000 %.3¢? 0.C00 0.00C
€.27  CENSITY «129 »129 °129 «129 .129 *129 129
€.27  FISS. M «955  .95% « 955 1] « 985 «955 «955
€.27  RAD SEP €ob01  €o601  €.601  E,L01  €,601  €.601 6,401
€.27  AZM SEP 1,088  1.688 1.788 1.988 1,088 1.C88 1.088
€427  MSTATS 72.6 72.6 72.6 72.6 0.9 0.0 o.e
6.27 F LAND 1.000  1.000 1.000 1.000 0.000 0.000 0.000
€.89  CENSITY o115 «115 o115 e 115 +114¢ +115 o111t
T 6483  PISS, M 1] «955 +955 «955 «9%5 « 955 *955
6.89 PAD SEP T.050 7.050 7.050 7.0%50 7.050 7.050 7,050
6.89  AZM SEP 1103 1,103  1.133  1.103  1.103 1.103 1.10?
$.89  HSTATS T1.5 T1.5 71.9 2%.6 0.0 8.0 0.
6.89 F LAND 1,000  1.080 1.000 «331  €.000 0.000 9.900
7.50  DENSITY «104 0106 - 104 «106 o106 «104 +106
7.50  PISS. H «95¢ <955 «855 «955 « 955 +955 955
7.50 RAC SEP To706  7.705  7.70%  7.705  T.T05  7.705 7,708
7.50 A2¥ SEP 1120  1.120 1,120 1.120 1.120 1.120 1.120
7.50  MSTATS 36,3 %6.3 3403 9.0 7.9 - 043 D¢
7.50 F LAND - 1.000  $.000° 1.800 0.%00 C.CC0 2.200 9,000

DESIGN PONER(NME)= o 1(0E¢C3

AZ YMUTHAL ANGLE Ry “38.C €0, 9.0 120.0 ~  i1Sf,* 80,0
- MIN. RAOIAL ZONE NO. 1 -1 1 1 1 1 1 *

MAX. RADTAL ZONE NO. 12 . b2 12 10 8 & £
'FIELD CESCRIPTICN - LANC AREA(M2)Z «274EC(7 MIRRCR AREA = L LE2E4(0E NC, NF HSTATS: QYQP, AYCFAGE CENSITY = ,198

RADIVS AZIMUTHAL ANGLE OF HELIOSYAY, NOPTYH=0, EAST=QQ .
0. 30. €Q. 90. 10, 150. 140. -

. LEANSITX - 1 % T adindion, %7 ;IE LlBs Lib
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<75
.75
75
7%
75

1.6
1.386
1.3¢
1.36
1.36
1.3¢

1.98
1.98
1.98
1.98
1.98
1.98

2.59
2.59
2.%9
2.59
2.59

" 3.20
3.20

.28

) 3.20

3.20

3.20

3.82
3.82
3.82
3.82
3.82

3.82

St s

bobd

bet3
443

‘bol3

holi3

5.05
5.05
.05
5.05
5.0%
5.05

5.66
S.68

M1SS. H .928 .928 .28 LeQ28 . ,928 +928. +928
PAD SEP 1.€34 1.634 1. €34 1.63% 1.536 1.624 1,634
AZV SEP 1.263 1.263 1.2€2 1,261 1.26%2 1,263 1,2F3
HSTATS 23.4 23.6 27,4 2.4 22,4 23,0 22,4
F LAND 1.C00 . 1.000 1.000 1.006 1,000 - 1.000 1.000
CENSITY K] 403 o493 g3 6032 603 403
MISS. H QL8 248 348 1Y .48 . 248 QLR
RAD SEF 1.942 1.9042 1.942 1,642 1.942 1.942 1.942
AZr SEP 1,167 1.147 1.1467 1,167 1.167 1.167 1147
HSTATS €€.7 (A%4 €6.7 €EEL.T £RLT E67 . BBeT
F LAND 1.083¢ 1.069 1.00¢ 1.00¢ 1.9¢¢ 1. 700 1.000
DENSITY 352 «352 .352 «3€2 «3€2 352 362
MISS. H «9568 .955 « 955 »S55 .985 « 955 «955
RAD SEP . 2.329 2.329 2.329 2.329 2.329 2,329  2.329
AZ¥ SEF 1.09% 1.€95% 1,585 1,695 1.09% 1,095 1.095 ,
HSTATS 85,2 8%.2 85,2 85,72 85,2 85.2 85.2
F LAND 1.000 1.000 1.000 1,100 1.0¢C0 1.000 1.000
CENSITY . 299 «299 .2499 «299 «299 «299 «299
MISS. H «958. «958 «958 «S5¢ .98 . 958 «958
RAD SEP 2.803 2.803 2.803 2.803 2.803 2.803 2.803
A2V SEFP 1.069 1.069 1.6€9 1.0€9 1.1€9 1.069 1.3¢€9
. HSTATS °r,3 95,3 95,3 | 98,3 95,3 qc,3 85,3
F LAND 1.000 1.000 1,000 - 1.G00 1.000 . 1.000 1.000 -
DENSITY «254 254 .25k «254 «2%h «254 254
MISS. H «960 «260 «960 «960 ° +9€9 . 969 960
RAC SEP 3.237 3,337 3.337 3.337 3.337 3.337 3.337 -
AZM SEP 1.058 1.058 1,058 1.058 1.0¢%8 1,058 1.058 -
HSTATS 100.2 100.2 100,.2 100.2 100.2 100.2 100.2
F LAND 1.000 1.00¢0 1.000 1.000 -1.000 . 1.000 1.000
CENSITY .218 .218 218 218 218 .218 218
MISS. H «960 . «350 «960 «9€0 «9ED «9€0 «960
RAD SEP 3.510 3.210 3.910 3,10 3.910 . 3,910 3.91¢C
AZV¥ SEF 1.056 1.054 1.05% 1.054 - 1.956 - 1.N€%4 1.054
HSTATS | 102.3 102.3 102.3 102.3 102.3 102.3 0.C
f LAND 1.000 1.000 1,000 -1.000 1.000 1,000 0,000
MISS. H «960 «960 «9€D «9E0 1] «9F0 «960
RAD SEP 4.510 4.510 4.510° 8,510 4,510 4,510 44519
AZM SEP 1.85€ 1.056 1.0586 1.0€6 1.956 1,055 1.056
HSTATS 1¢2.8 102.8 102.8 102.8 102.8 0.9 e.0
F LAND 1.000 1.000 1,603 - 1.500 1.760 - 0.000 0.000
OENSITY «1€5 «165 0165 JAEE 165  .165 «165
¥ISS, H . «960 «960 «36) «SED i « 260 . L960
RAC SEP - 54128 £.128 5.123 ©.128 €.128 €.128 5.128
AIM SEP 1.062 1,062 1.062 1.062 - 1.0€2 1,062  1.062
HSTATS 102.3 102.3 102,8 102.3 23.1 0.9 0.C
F LAND 1.900 1.000 1.009 1. 00 $ 228 2,000 0.000
CEINSITY 145 145 145 «145 145 145 145
MTeT H «360 «260 €0 «QFD . 9ED «9F0 »950
U1} e B _2£60 £ 20 LED E_2&Nn e _27£n E_7&0 w__

s
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. 5.66

5.€6
Se.EE

6.27
8.27
€.27
6.27
6427
€.27

€.89
€ .89
€.89
€.89
k.89
6 .89

7.5C
7.50
T.50
7.50
7.50
7.50

0

AZV SEF

C HSTATS

F LANC

OENSITY
#TSSe H
FAD SEP
AZM SEP
HSTATS

F LANC

DENSITY
MISS. K
RAC SEFf
AZVM SEP
HETATS
F LAND

" CENSITY

MISS. H
RAD SEP
AZM SEP
HSTATS
F LAND

DESIGN PCWER(MWE) =

AZIMUTHAL ANGLE

MIN, PACIAL ZONE NO.
MAY., PADIAL ZONE NO. °

1.¢71 1.571

171,12 161.3
1.000 1.000

129 «129
-1 +CH
601 €.4018
1.083 1.083
3.9 99.9
1.200 1.005

«116 «116
«960 « 260
7.05Q 7.050
1.598 1.298
28.3 98.3
1.000 1.000

o134 «104
«360 360
T.70¢ 7.705

S 1.115 1.115

L7r.2 L7.2
1.000 1.000

«125€¢03
g.0
1
12~

FIELD CESCRIPTICN - LANC ARSA(M2)=

RADIUS

.75
.75
75
«75
75
75

1.36
1.36
1.36
1.36
1.386
1.36

1.98
1.98
1.98
1.98
1.95

1.98

CENSITY
MISS. H
RADC SEP

-AZM SEP

HETATS
F LAND

_BENSITY

MISS. H
RAD SEP
AZr SEP
HSTATS
F LAND

DENSITY
MISS. H
RAD SEP
AZM SEP
HSTATS
F LANC

AZIMUTHAL ANGLE OF
_ 0. 30.

L35 #435
«928 - +928
1.€34 1.€34
1.263 1.263
234 234
1.000 1.000

<403 2403
«368 «948
1.962 1.962
1.167 1.147
6E.7 EE7
1.0¢8 1.000

«352 «352
«355 « 955
2.329 2329
1.09% 1.095
85,2 8%,2
1.00n 1.900

1,571
61,3
1.000

129
« Q€0
€.401
1.083
99,49
1.9C2

‘116
. 960
7.550
1.098
. 98.3
1.000

«100
« 960
7.705
1.11°¢
7.2
1.000

33.C°
1
12

+104
« €60
7'705
1.11¢

0.000

€N ¢
1
12

1.°7¢

g.0¢0

29
. Q€2
€.401
1.083

€. 300

«11¢
«GE0
T.1%0
1.0¢8
0.9
0.167

.106
.9€Q
7.70¢
1.115
9.0
0.000

0.0
1

12

«3U2E4 7 VMIRRNR AREA =

1.271 1.771
0.0 0.0
0.000 0.000
«129 «129
. 267 +862
€.0L01 botsDL
1.083 1.083
1.7 0.2
N L G001
«11E «11€
« 960 «260
T.0€0 7.05¢
1.098 1.0938
0.0 9.0
f.000 0.000
«104 106
960 «960
7.70¢ 7.705
1.115 {.11¢
0.0 o.n

0.000 0.000

120.0

1

12

«603JEM0E

HEL IOSTAT, NORTH=0, FAST=9Q

60.

«435
«928
1.€34

1.263

23 b
1.000

433
« 9048
1.942
1'1“7
ERT7
1.000

«352
+ 955

24329

1.095
8%.2
1.600

9¢.

43€
oc28
1,636
1.2€3
23e b
1.000

«ue3
1,342
1.147

€EEL7
1.007

«352

«CES
T 24329

1.095
8c.2
1.900

120.

43S
928
1.634
1.2€X
23 .4
t.000

«u (2
<348
1.9562
1.147
EE .7
1.000

<352
+CS5
2.329
1.09%
RS ,2
t.00°0

150.

«435
«928
1. €34

1.263

234
1. 000

+L03
«948
1.942
1.147
2% 4
1.000

«352
. 9285
20329
1.09%
REL2
1.007

1

80,

o435
«928
1.634
1.2€63
23.6
1.000

+603
94t
1,942
1e147
€647
1,000

«¥52

«255
2329

150.¢
1
12

1.09¢ ..

A%.2
1.000

190.0
1
12

NO. DF HSTATS=z 12285,

AVERAGE OFNTITY = .17¢
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V=N« V- N« JRVL. IV )

N VT an anan
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.

n
[}

.29
3.20
3.290
3.20
.20

3.82
3082
2.82

2.82°

3.82
3.82

Loth3
Lob3
4,43
hota3

4oLl

443

.05
5.05

5.05 -

505
5.05
5.(5

5.66
5.€6
5.66
S.EE
S <66
S,E6

€.27
6027
€.27
6.27
g.27
6.27

€.89
€.89
6.89
h.89
6.89
.89

- DENSITY .299 »299 «299 «299 o722 <299 .292 o
MISS. H .358 .958 +958 «953 .G58 +353 955
RAD SEP 2.802 2.803 2.A02% 2.8603 2.862 2.903 2.80° ®
A7M SEP 1.C69 1.069 «{EQ 1,769 1.17€9 1,169 1.16¢
HSTATS 95,3 9c,3 g9t ,2 95,3 CLIN] 95,3 95,
F LAND 1.000 1.000 1.C00 1. 000 1. 600 1,000 1.00C ®
CENSITY 254 254 «254 . 256 «2C4 254 *256
MISS. H <260 «S60 «CED . #SEL «CE€0 . 2867 960 ®
RAC SEP 3.337 3.337 3.337. 3.337 3.337 3.337 3.337
AZM SEP 1.058 1.058 1.058 1.0¢68 1.058 1..058 1.058
HSTATS 1002 100.2 13%.2 109.2 100.2 100,2 100.2 ®
F LAND 1.600 1.000 1.7600 1,006 - 1.4¢P 1.0G0 1.70¢C
) : : ‘ ]
CENSITY «218 218 0218 «218 218 «218 «21K
MISS. H +960 «960 «9E0 « €60 « Q€D "+ 960 «960
RAD SEF 2.913 1,940 3.210 3.910 3.910 1,919 3.91¢ o
AZM SEP 1.054 1.054 1.05¢6 1,054 1.054 1.054 1.054
HSTATS 102.3 102.3 102.3 10Z.3 102.3 102.3 102.3
F LAND 1.000 1.000 1,000 1.1C0 1.000 1,000 1.000 ®
DENSITY .188 «188 «188 »188 .128 «188 «188 ®
MISS. H «960 «960 « 950 » 960 «GE€D + 960 9690
PAD SEP 4.510 4,510 4,510 4,510 4,510 4.510 4510
AZM SEP 1.056 1.056 1.0356 1.05¢ 1.0%56 1,056 1.056 ¢
HSTATS 102.8 102.8 162.8 132.8 102.8 102.8 102.8
F LAND 1.€00 1.000 1,090 1,000 1.000 1.000 1.000 ®
CENSITY 165 +165 *1€5 «1EE o1 €5 +1€5 165
MISS, H + 960 «96¢ « 9693 «960 «9€Q « 960 «9680 | J
RAD SEP 5.128 5.128 5.128 5.128 £.128 S.128 S.128
AZM SEP 1.062 1,062 1,062 .1.062 ,1.0€2 1,062 1.062
HSTATS 102.3 102.3 102.3 102.3 1n2.3 102.3 102.3 ®
F LAND 1.00¢C 1.000 1,060 1.060 . 1.3¢0 1.900 1,909
[
CENSITY 0 145 165 <165 *165 «145 « 145 165
MISS. H <960 « 960 «9€ED »960 «9€0 « 960 «260 ®
RAD SEP S.760 5.760 S.7€0 E.7€0 - S.7€0 5,769 Se76C
A7M SEP 1.071 1.071 1.0714 1.C71 1.67¢ 1.071 1.071
HSTATS 101.3 101.3 101.3 101.3  101.3 101.3 101,.3 °®
F LAND 1.000 1.000 1.000 1.080 1.6C0 1.0090 1.000
CENSITY 129 129 120 o12¢ 129 «129 129 ®
MISSe H «960 «960 <260 . 2610 «CED T «260
eAD SEP €.601 €.401 €401 Fol1  Fol401 E 01 €et01 PY
A2M SEP 1.9283 1,083 1.083 1.623 1.178€3 1.083 1.083
HSTATS Q99,9 Q9,9 99,9 99,0 €9,9 29,9 99,3
F LANC 1.0090 1.000 1.2¢) 1,000 1.100 1,000 " 1.000 P
CENSITY 116 116 o112 +11€ 116 116 o11E€ ~
MISS. H «9€9 «960 « 367 « Q€D «CED « €D «JEN '
RAC SEP 7.058 7.050 7.1%) 7758 T43€0 - 7,050 7.050
AZM SEP 1.038 1.098 1.098 1,098 1,0¢8 1,098 .1,.,%98
HSTATS 98.3 28,3 98,3 8,2 €8.,3 CR,3 °8.3
F LAND 1.000 1.000 1.908 1.100 1.106 1,009 1.000
a0 40t [, Y W 0 a4 pt & O LELEN
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7.0 ;;SS. H « QR0 «260 ° « Q€D «CE0 . SED «2€0 «960

7.50 RAC SEP TOTIE 7,735 7,785 7,705  7.785  T.T05 7,70
7.52 A7¢ SEP 1.11¢ 1,115 2,115 1.11¢  t,19% 1115 1.11°¢
7.5¢C  PSTATS 67,2 u7.2 “1.2 47,2 47,2 47,2 35.5
7.50 F LAND 1,000 1.000 1.000 1.000 1.6¢C9 1.000 o751
DESIGN PONERIMKE)=  1CJE¢5Y :
AZIMUTHAL ANGLE 8.0 30.0 60,0 €0.0 12040 150, ¢ 1R0.0
MIN, PACIAL ZONE NO. 1 1 1 1 1 1 1
MAX, FACIAL 2CKE NO, - 12 12 12 12 11 ) a k4
FIFLC CFSCRIFTICN - LANC AREA(M2)= +378E¢ (7 MIPROR AFEA =  .711F¢0€ HNO. OF HSTATSz 14471, AVECAGE NENSITY = .18
RADIUS AZIMUTHAL ANGLE OF HELIDSTAT, NCRTH=0, £8S7=9) ,
- Je 30. 60. a9, 140, 150. 180.
.75  CENSITY. o638 .38 .38 <438 138 .438 438
75  MISS, M «93% «935 «935 .18 .95 «935 «935 ,
75  RAD SEP 1.€634 1,636 1,€34 1,634 1.€36 1.€36  1.€E34
.75  AIM SEP 1.256°  1.254 1,254 1,256 1,266 1.254 1,254
+«75 - HSTATS K 31.0 31.0 31.0 31.0 31.0 31.0 31.0°
«75 F LAND 1.000 1,000 1,000 1.0C0 1.0C0 1.003 1.000
1.36 CENSITY <405 - 405 o405 « 405 S ugs 405 <405
1.36 MISSe H +953 «953 «953 «953 «9E3 .953 »953
1.36 PAD SEP 1.942 1,962  1.942 1.S42 1,942 1,942 1.942
1.36 AIM SEP 1.162 1.142 1,162  1.142 1,142 1.162 1.1862
1.36  HSTATS - - .. 8,1  B88.1 88,1 8.1 8.1 88.1 88.1
1.36 F LAND- 1.000 . 1.000 1.000 1,000 1.000 1.000 1,000
1.98  DENSITY .353 «353 «353 .153 <163 .53 «3583
1.98  MISS. H +%690 «960 «SED - JSFD° « SEL «960 «260
1.98 RAD SEP 2.329 2.329 2,329 2.329 2.329 2,329 2.329
1.98 AZM SEP 1.090 1.090 1.090 1.£90 1.090 1,090 1.090
1.98 HSTATS ° .. 112.3 112.3 112,23 112.3 “112.3 112.3 112.3
1.98 F LAND 1.000 1.000 1.000  1.000 1.7¢0 1,000 1.200
2.59  DENSITY <300 «300 «300 .300 «300 +300 «300
2.59  MISS. H <963 «963 «9863 «CE3 «GE3 «963 «963
2.59  RAQC SEP 2.803 2,803 2.803 2.803 2.8C3 2.803 2.803
2.59  AIM SEP 1.0€S 1.065 1.065 1.0€¢ 1.0€5 1.365  1.06¢
2.59  HSTATS 12¢,5 125.5 125.5 128.5 12%.5 125.5 125.5
2.58 F LAND 1,000 1,000 1.000 1, €90 1.000 1.000 1.000
2,20 CENSITY «255 «255 «255 . 255 .28¢ « 255 «25E
3.20 MISS. H <36k «964 «9EL . 9FlL «GEL YA Q€L
3.20 RAD SEP 3.337 3.337 3.337 3,337 3,337  3.337 3,337
2,20 AZM SEP 1.054 1.0546  1.554 1,056  1.086 1,054 1.05%
3.20  HSTATS 131.9 131.9  131.9  131.2 11,9 1?'1.9 121,.9
1,20 F LAND 1.007 1.000 1.569 1.€00 1.100 1.000 1.000
3.82  DENSITY .218 <218 218 .218 «218 .218 218
3.82 MISSe H «9EL «96L . 9EL < CEL «CEL « 060 «QRL
3.82 RAD SEP 3.210 .01 3,910  3.613  r.g91r 3.910 3.910
3.82 AZM SEP 1.051 1.051 1.051 1,061 1.0¢1 1,051 1.051
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4oL3
L.u3
tot3
LoL?
403
4ete3

.05
£.65
.05
€.05
.05
£.0¢

©.66
5.65
C.6b
.69
.66
S.66

€427
€.27
.27
£.27
€.27
6.27

6.89
6.89
€.89
6.89
f.8¢2
6.89

7.50.

7.50
7.50
7.50
7.50
7.50

F LANT

CENSIT™
MISS. #H
RAC S¢eP
AZM SEF
HSTATS
F LAND

DENSITY
MISS, *
FAC SEF
AN SEF
HSTATS
F LANC

CENSITY
MISS. H
RAD SEP
AZ¥ SEP
HSTATS
F LANO

DENSITY
MISS. H
RAD SEP
AZM SEP
HSTATS
F LAND

CENSITY
MISS. H
RAD SEP
AZM SEP
HSTATS
F LAND

CENSITY
MISS. H
PA3 SEP
AZM SEP
HSTATS
F LAND

«189
« Q€S
L.5170
1.057
13,2
1.000

«1£%
+ 965
£.128
1.059

134.7

1.00¢

J1ULE

. Q€S
S.TED
1.068
133.3
1.063

«130
«9€5
6.0401
1.079
131.5
1.000

«11€
«9E4
7.050
1.094
129.4
1.000

.10¢
. 964
7.795
1.111
€2.2
1.000

1.£00

189
<965
6.520
1.C53
13€,.3
1.000

.165
+965
5.128

1.059

134.7
1.£0°2

o146
» 965
c.760
1.068

133,.3.

1.0730

«130
.965
6ot01
1.079
131.5
1.000

<116
« 364
7.050
1.09¢6
129.4
1.009

«105
. 96“
7.705
1.111
62.2
1.000

1.5¢0

«+189
«3E5
L.513
1,223

“135.3

1,000

«1€5
«9ES
5.128
1.059
134,7
1.2¢1

146
« %€

-5e76C

1.068
123,.2
1.700

«130
«JES
Eeta 02
1.47¢
131.5
1.4 00

+11E
«JEL
7.050
1.09¢
129 .4
1.304

«108
«9€4
7.7C5
1.:11
62.2
1.600

1.789

+183
oCES
b.c11
1.(57
13€.3
1.€02

o125
lggs
5.128
1.05¢
134.7
1.079

o 14¢.
13-
.76 8
1.06¢
133. 3
1.006C

«130
«2€5
€.401
1.07¢
131.%
1.000

T e11E€
«SEL
7.C50

1.09%°

12¢.¢
1.(CD

«10%
« G646
7708
1.111
€2.2
1.000

1.000

.189

«CES
4,517
1.982
13,3
1.000

+1€7%
«9ES
€.128
1.0€2
136.7
1.9(€¢

o14€E
CES

S.T€0

1,068
123,.2

1.00¢

130
-2 3
E.401
1.779
131.5
1,000

«11F
'geb
7.0%0
1.0%
81.1
«£27

105
QGE“
T.705
1.112
0.9
tn "

116
. 964
7,050
1,094
0.9
0,000

«105
«9EL
7.705
1.111

.0

£.009

1,007

«956E
be510
1.053
135.3
1.730

«1 35
«9335
Se128
1.0359
0.0
3.090

odhE
«985
Se760
1.068
0.0

0.0r0

<170
«3ES
€.kl
1.07¢

0.000

«118
364

7.050 _

1.09%

0.000

«10¢
«26%
T.70¢
1.111
LY
0.003




CAPITAL CCSY OF THEOMAL ENEOGY NEAR THE @ASE OF THE TOKER
COSTS THNCLUCE FIELL, RECETVE®, TOWER , PIPING AND PUNPS
DFS.ELEC.PCWER THERMAL POWFR ' CAP,CCST S0

,
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(MWE) (MHTHY (3/KHTH)
75.0C 19C¢.98 189,22
100.00 254 .64 188,515
12€.€0 318.31 192.1€8
150,00 381,97 188,882
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Sample Problem 2 - Optimization of a Multi-Aperture Cavity and Storage
Subsystem Size

Problem Statement

Both the receiver and storage size are to be optimized for a 125 MWe
molten salt system with a solar multiple of 1.5. The receiver is a cavity
design configured so that the north aperture is the largest, the south the
smallest, and the east and west of intermediate size. The depth of each
cavity varies in a similar fashion. A flux limit of 0.6 MW/m* is specified.
A flux map of the optimum north cavity surface is required for subsequent
detailed design studies. The optimized field layout should be printed and
optimization data saved.

A reminder: As discussed in section V.A-3{(c), optimum cavity receiver
design should be carried out in two steps. First, the optimum depth of each
cavity should be calculated, and in a second run, the optimum aperture size.
These sequential runs are discussed in turn below.

A. Optimize Cavity Depth

Input Cards

SAMPLE PR@BLEM 2A

$BASIC ITAPE=2%

$REC IREC=2, RRECL=0.98, W=20., IAUT@P=2, NUMCAV=4,
RWCAV=1.0,0.75,0.5,0.75%

$@PT NUMTHT=4, THTST=160., THTEND=220., NUMREC=5, WST=14., WEND=22.,
I@PTUM=2, NUMHTW=7, HTWST=30., HTWEND=45.0, RYTRX=1.0, RX2TRX=0.8,
RX3TRX=0.6, RX4TRX=0.8, NUM@PT=1, P@PTMN=125.E+06, P@PTMX=125.E+06,
IPLFL=1% '

$NLFLUX IFLX=1, NXFLX=5, FAZMIN= 135., FAZMAX=225., NYFLX=4, FZMIN=0.,

FZMAX= 13 3, NFLXMX = 4, NMXFLX=3,8,13,18, FLXLIM=4*0.6E+06%

$NLEFF REFRC=0.937, AREF=881.%

$NLCAST CREC1=4. 735E+06 ARECRF=1749.%

SNLECONS

$REC W=-=1.%

Analysis of Input

Since the problem statement is somewhat general, some choices must be
made by the user. To begin with, no initial performance calculation is
required since the data file created in Sample Problem 1 is suitable for this
problem. For this option the user spec1f1es ITAPE=2 in $BASIC$ (in addition
to attaching the permanent file created in Problem 1 with the control state-
ment(s) appropriate to his system). No other cards in the performance ‘group
are read. The $RECS$ card is the first of the optimization group and defines a
cavity-with 4 rectangular apertures (IREC=2, NUMCAV=4) and automatic 2-d
aiming (IAUT@P=2). RRECL defines the receiver reflectivity appropriate for
this cavity (ref. 34). Relative cavity depths are specified by RWCAV. (Note
that the choice of RWCAV has been left up to the user. Values indicated here
are reasonable ones, but could be varied according to the user's previous
experience, added information about his problem and/or his curiosity concerning
the sensitivity of the design to such factors). The value of W is chosen as a

B-46



convenient basis for setting up the flux map in $NLFLUX$ to test for flux
limits on the back wall of the cavity. The selection of the default values
for RAZM sets the north facing cavity as the first one.

For optimizing cavity depth, the I@PTUM=2 option is specified. NUMREC,
WST, and WEND then refer to the width of the first (north) aperture. NUMHTW,
HTWST, and HTWEND define the width of the receiver and therefore the depth of
the cavities. The aperture dimensions are varied by the ratios RYTRX, RX2TRX,
RX3TRX, and RX4TRX. Other input variables in $@PT$ are analogous to those
in Sample Problem 1.

Testing for flux 1imits on a cavity wall requires some care with the
input data. The maximum angle active for the north cavity sets the width of
the flux surface (FAZMIN,FAZMAX), and an estimate of the height of the cavity

wall above the plane of the aperture center (FZMAX) is made based on RADMIN.
A 20 point grid is set up with the 4 points (NFLXMX) along the centerline
_checked (NMXFLX=3,8,13,18) for a flux limit of 0.6 MW/mZ. As mentioned the
“flux map is referenced to the values of THT, W, RY and RELV in $RECS$ for
" scaling and is subsequently varied in the opt1m1zatlon search as THT, W, and
RY vary.

Parameters for the reference receiver efficiency (REFRC and AREF in
$NLEFF$) and cost (CREC1 and ARECRF in $NLC@ST$) are provided since the
default values refer to an external receiver design (ref. 34).

Comments on Qutput

$BASICS is printed fo]]owed by the code generated list $FMTP$ from
TAPE20 (pp. B-48 to B-52). The heliostat design is summarized (p. B-53)
as in the previous example, but no initial performance data is given. The
optimization namelists are printed (not included here, similar to previous
- example), a summary of the optimization parameters given (p. B-54), and
the 11m1ted summary of the search printed (a]so not included here).

The design summary tables are similar to those of the previous example
but modified now for the appropriate output cavity dimensions, and including
a summary of the cavity design(pp. B-55 to B-64). As mentioned in Section
V.A-3(C), the user may want to rerun the problem for a larger RADMIN to test

_the effect on cavity depth and height. The 4 flux points tested indicate a
rather sharp rise in the flux at the third point tested (point 13 on the grid
of flux points, roughly 1/3 of the way up the cavity). Again the user may
want to rerun the problem with a finer grid in this region .in order to locate
more accurately the peak flux point. The appropriate output from 2A will now
be used as input for 2B. :

B-47
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$9ASTC
1PPQ8
NYEAR
HROEL
UCAY
UTIME
NUAZ
NUEL

UAz

UEL
oHOPTY
IPRINT
ITAPE
TDEéP‘
PL AT
ALY
INSOL
SOLCON
IWEATH
WEATH
DWEATH
H20
0H20
PRES
OPPES

NSUN

NSUNPT

SUNI

2

SUNR

OCOC PRV

0,

S

J1E+D1,

+BLE4 (2,

C.0, o - g
Ty

6y

Cely o3E402, EE+C2y +75E402, <9E40Zy +LIE4TT, 13E¢ITy 8.0, 0. :y 0«0, 0eCo 0e0y FeOy 00y B8.0s 0oDe

0eOs Caly 0eOy 0.0,
SE+00, +25€402, +4SE402, J6SEM024 «7EEE(2, LAEE202, 0.0, 0.05 Oo0s

V26400, )

0y Oy 0y 0o 0o 0, 04 0, O,

2, . , | .
-1E+03,

J35E402,

«ESES(QD,

0,

«SSE* 00,

Co

.B3E+00,

«B2E400s +B3E+00, o83E¢00, o83Z¢00- .83E430, .EIEC0, BIC+G0, JBIENET, LBIESIT,
C2E402,

C26402, 226002, 2E402, oZE+02, o2E¢(Zs +2E4024 26402, 26002, .25482,
C1E+01, , .

C1E01, J1E401, .1E401, J1E401, o 1E4C1, CLESTLy 1E401, J1ECO1, ©L1EeE1,
. . . :

€y

0o 0a0y Dale Cole 0oCy 0.0y CoO,

0oy CoOy 0oOy Ools Do0y 0oOy BoDy Doly €a0y Ba04 0.0, 0
€elo Def¢ Defy 0ulo 0e0¢ BoCo 8.0 0afs

0.0, CeDy Be0y Q0e2o .0, 0.9, Gels Oaile Bals 04
000‘ C.i)o 0.09 3.'3. Dede Yel» Coels 0a0o !

0e0y CoeOy Ba0y O0e0y O0e0s 0G40y 0.0, 0sCy 0.0, G
De0y 0o0yp O0e8y 0eO¢ 0eDy Goly 00,y Naly 00y T
0.0y CoBy 0o04 0oy 040y -9 Tsls Colo

04 Cofle 0oy 0ol 0ol 0o0s Dely 0ufly CuCo
Co 00~ 0ofle Boly 0efy 0uy %y 0oy Cols

A 500
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e s

REFTIM

REFSCL

ASTART
IATH
ATM
ATH2
AT M3
AT My

REND

o=

Cuan e

0.0,

<SSENCT,
.7EEec2,
0,
<6789E-02,
L10GEE+00,
- 17E-01,

«2B45E=02,
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— st 7~ -

RFMTP

THT =
WM =
HM =
IPOUND =
NCANTX =
NCANTY =
RCUND =
NRAC =
NAZM =
RMIRL =
DENSMR =

DENSIT =

XFOCUS =

YFOCUS =

SIGAZ =

\r—a-

STGEL =

«17CSE*03,
«4228ET1L2AETILE-NT,
« 422871428 714E-(1,
0,

2y

€q

«1E¢01,.

12,

12,

«89€¢00,

«89TE*QQC,

43987439231372€¢00, .405739698€3598€400, o354030€1477939E+400,
«21880292074432E+09, .18924503064309E+00, 1ES57€9022372CSE+00,
«11€E5G691€EEE19E+00, 10503595061 584E100, . 1E 01,
«354090€1477939E+00, .30106435581927E400, J255EQ0ERBLT2E53E¢0Dy
«16557690223725E+C0, 14BL1E?I0SO0LTO2E+00, .1200822E€850253E+00,
«1E+01y 439B7U3IV234372E¢(Cy LuOSTI96CLHISILELCL,
«255€60588472€59E460, .21880992071432E+00s .1893400304LL309E 400,
«13008228850253E+00, 116552€91E€619E+00, »10503595061586E ¢00,
«354090€ELLT77939E+00, +3010EUIS581927€+00s +25SEQSBEUT2659E+0Q.
«16557690223725E400, .1461€73C504L702E+400, .137082288E0253E+00,
«1E+01y +43987439231372E4(Ty JM0S7I96CLEITIBERCD,
«255€60588472659E+00, (21880992D71432€+00, »18934DD3DL43I0IE+00,
.13008228850253E+00, (116559691 66EL9E+00,y 10502595C€1584E4G0,
«3540S0EL477933E+00, «3011€435501927€400, 255€N508472659E¢00,
«16557690223725€E+00, 14616730504 702€E400s o 13008228R50253E400,
«1E 401, 4398743IF2313IT2E¢+G0, L HO5TIGHCEEISIRELDD,
«25560588L726595¢30, 2188099217143 2E+00, (189260]274L309E+00,
.1300682288502€3E+ (0, +116559691E6EL9E4C0y 10CICICOEL5BLE+QQ,
«354090€1L77939E+00, .I010€4IS581927E400, +255€E0588UT72659E 400,
«1E6557€90223725E400, 14616730504702E+00, .13002822ERCD2E3F +00,
«1E+01, .43987439Z231372E+4(C, 40573269 LEISIRELTI0,
+255€C58BLT2€E9E+00, ,218680992071L32E+00, 1892340720 HL309E4TQ,
«13008228850253E+00, «116559€91€6619€400, 1050353E0E158LE+00,
«354090€14T7939E+00, .3010€435581927€+00, 255€0588LT2653E400,
«16557690223725E+30, 1461673054 T7G2E+00, .123708228850253E+00,
elE+C1s o430B7439231372E4(3, &4ISTICECREITINEH(D,
«255€605884T2€E9E+G0, -21880932071432€400, »18S360N230L4L309E 40D,
+13008228850253E+00+ .1165659691E6F19E4C00, .10503595061584LT+00,
«354000€1477933€¢00, ,3010€435581927€+00, 255€1538L72659E 400,
«16EE7690223725E400, 14E1673C50L702E4C0, 137CA22EAE0253E 400,
.lEODl'

«1E+01,
«1Et01,
«7SE-C3,

7SE-D3,

«JCL0ELISEBLIG2TE+00, 2CSCECSBALTRESIELD,
«1LELE?INS0LT7I2E+00, .1300£228859253E 401,
«U3C8TLII231IT2E400, JLC57IVEIBEISSB/ELDO,
218809920714 32E+00, .189340030uLLI0OE0D,
+11€559€EQ216€€19F+00. 1050ICIS50€ELCBLE+DD,
«IFLNGNELLT TIICE400, 2CI10ELISTRIQ2TESL Y,
15557690223 725E+400, 1LELFE?3V50L702E+00,
«12¢01, L43987439231372E+400, 4 05739R2BEISCBE+DG,
«218680992071432E¢00, .18934L303046309E+0C,
+11€6S59€91€€€195%00, 13502295061 C8LE+IT,
«354090€E1LT773IIE400, 3010F4355819275+00,
+15857690223725C+00, L14E1EPIDS0LTO2E400,
c1F 401, 43IOPT6T0234372F 00, JUuO5739€E2ER3I598E+0L,
«218809920714325¢00« 189340030443 03E+00,
«11E550€916€61GE+00, +105035950€61586E+00,
+35L0G0ELLT793%E+0, INLI0EH3ISS81927E 400,
«165575C0222725E+00, J1UBLETINS0LT2E¢9C,
e1T 01, L4ICRTLII2I43IT72F 400, L4 05739638A3598E+00,
«21980992071432€4004 +1893LRO3IILL30AC+00,
«1LES52€91€€619E400, .10503595N€1EQLESDTN,
«I5LOINELLTTCICEHLC, IC10E4ISTALIA27E+D T,
«1€ECSS75QN223IT25E40Cs «1UE16TINSTLTO2E00,
1401, 430R7439231372E+00, +4 573969863598E+00,
21 880992071432E400, .183360030443095+00,
«11ESS9€916ERL19E ¢, L1CS0ISIEN6158LE+DN,
e ISUGONELLT7OICESLC, L ICIVERISERLT27EH]L,
«1EE57690223725F ¢80, +14615T30506L702E+00,
«1E+¢01y +L3CATLI923ILTI2E 400, JLCE57396Q2F3598E 400,
«22880902071622€¢0C, .189740333442095+00,
«11ECEC€916€66195400+ 1CSC3IZASAELCALESTD,

e

3

-
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SIGSX
SIGSY
SIGTX
SIGTY
HE AD

IFCCUS

XFOCAL
YFOCAL

HRCEL
NYEAR
HCANT

OCANT

"~ RAOMIN

RACMAX

RCANT

WEATH
OWEATH
INEATH
LAY
IATM
ATHY
ATH2
ATH3
AT M4
HQANT
OCANT

RCANT

INCC
IROTFL
INSOL

NSUN

e 1€E-02,
.1E-02.
GeCo

CeGo

~e16S3216€L5TT741E4HT, o 23043579520U79E-Cly ~oT173830554LT727€E+58,

1y .

o71SECDL, o7T1EE¢01, JTIGE*0L, "
+ T15E401s «71EC¢01,

«T1SE+01s «71SEe0t, 715E+51,
o715E¢01, J71EFeNy,

<1E401,
S,

[ 18
«B1E0 (2,
STSESCD,
«T5Ee 1)

0'155‘01' ’7155001v «715€¢01,
« 7156001, JT71EEeD1,

«82999999999999E+00,

«715€¢01,

«71€E+01,

«TLSES01,

oT1EEe01, ,715FE801, o715F¢01,

oT1SEe01,y 71CE4N1, 71CFenY,

N

o715F¢01, 715€E¢01, +T1SE+0L,

.835006. «83E+00, .83E400, .B83E¢00, .83E¢00, .BFE+00, .BIE00,

0,y

0y

o M .

«67BIECD0 .,
+10UEE+02,

-«1TES01,
+49787499999999E+ 02,
0.0,

«B1ESC2,

«T15E+08y T1SE401, L715E%01,
«T15E+01y < 71CSED1,

LX)

O,
[ %

1,

i

“eT17IRINCELI2TEELER,

oTLIEE®AY, o716C4C1, o715E401, o 715E+01,

«TLFESD1,y o TLCEFe01, T1CSEe01, , 7165422,

oT1SE+01s +71CE¢0Lly «715€¢01, . 715E¢ N1,

eAJEC00. +RIE4CC,

JTLGE401, o715E401, T1SEe01, JTASE#01, o 71CE40 14 JT1CE400, JT7LEESNL, o TIGE¢01,

V)




SUNI

¢s-4

" SUNP

NYEAR
HRDEL
INORTH
AMAXN
RAD

AZM

A ZMSEP

$END

*

® ©¢ 6 6 6 6 6 o o o o 0o © o O 0o 0o ¢ ~

?

8.0, 0,
0.3, 0.

UOUQ
Neo
ll.:'Jv

0.Cy
G.0¢ 7.9+ 0.0,

0. 09
0."'
ﬂ.ﬂ'

0.0,
0.0,
0.C,

0.['
‘]oa'
G-Cv

toc'
C. 0y
0.0y C.Gy

.0,
Cely
tely

C--Dc
Cely
0.0,

0.0, 0.
0.0, 0

0.0' UnUQ
G.Oy’ﬂ.ﬂ.

2als

Oe 0o
0.0
0.0'

0.00
.0,
0.9,

0.0,
0.0,
9.0,

D0
0.0,

G'CO

000'
0.0'
el

.ty
Ce Oy
C.Co
Se
«1E+01,
Co
«825E¢02,

CeO,»

O+ 0.0
(’-v Uo""

U' 0.0'

«l0y UaTy

Qe «3E+02,y JEE4+(2y .9E®32, +12E403, 15203, .1BE+03, ,21E¢03,
0.0,

«126479699110328E+01,
«104L8BLTS3IT272°2E+CL,
«1091€334299433E¢01,
+1087€771092882E+01,
.10‘6@%02361712E001'

«1138579219524E¢(1,y ~10R7€771092882€4+01,
«10505193655€1E¢(1, ~10CELLC2261712F+ 01,
«11083347063249E+02, .10SEeQY,
210620312374k L0E01,s 10%17141265251E401,
»10654796202857€+01, -10772'76600953E001v
.10‘E0019 «12479699110328BE+01, .11585792495ZLE+401,
«10S171432€C2C1E+01, 10LELTSTI727232E¢01, .10‘0519165561El01v
«107723766009%3E+ (1, .10915334209133E+024 .1108323L7043263E +01,
«1087€771092882E¢014 010629212376 4%E¢01, 1CS1714612€5251F408,
«1C5ELL02362712€E+401, 1065LT9E2028C7E+QLy 1077237€ECCI5E401,
«10€E+01, .12479699119328E¢(1, 11385792195 245401,
«105171141265251E+401, .10L84L7S3I727232E+01, .10S05193€5561F¢01,
«10772376€009€3FE+01, -10315334209133E+01, «1108376704L3249€¢91,
«1087€7710928€2E+01, 106293123 7443E¢f1, L1(51714L12€5251€¢01,
+10CELL02T61712F 401y 1065679620282 7E408, +10T77227€€L0953E01,
«105€+01y +12479693110328E+401, .1138S73219E L7 +01,
«105171412€52E2E+ 01, 104BL7S3727232€401, 10505193€5561E+01,
«10772376€009E3E+02, 1091532342091 23€+01, .110833587063269E+01,
«1087€7710928E2E¢01y «106293123744HE40T, +1C5171L12€S251€E¢01,
«105€L4L02361712E+01, .106EG79€E2028E7E+01y 1077237€EA00953E¢01,
«105E+01y, .12L79699%110328E+¢01, .1138577719C LE0Y,
«10517141265251E+91, .10484753727292E+01s .1050193€E561E+01,
»10772376600953E+401, .109152364209133E+4L1, .11783367C063269E001,
«1087€771092082E¢01, .106293123744LUEC01, +10S1710L12€5251€+01,
«10C€LL023€1712€401, 10654TIE202RETE*OL, 1077237€€00953E101,
«105E+01y o12479693110328E401, .1138579219F cUEeN L,
«1051714L22€5251E4C1y 1L BUT5IT72TE02E402, . 10CSC5293E55ELEC0L,
«10772376600953€¢01, 10915334209133E¢0L, .110833670432L95401,

«1087€771092882E401+ .10629312376LLUE+DL, 105171812FC251E¢01,
«10€6LL02361712E+01, 20654796 2028E7E0) 2y 1077237€600953C¢01,
«1CEE+OL,

--~-- PERFCRMANCE DATA FROM PUN TITLEC SAMPLE PPOZLEM 1

0.Co
3.'7.

ﬂo')'
LD

Celle

Taly

0.0,
I‘_\‘."'

0.0,
0‘?' no'EQ

‘[’.Uv

Tely

e 2LE+02y J27E4C2,

«10€2921237444K5+01,

¢ INESLTUE202BETESCY,
«12479629110328F+01,
«104RLT7E37272¢%25 ¢0 1,
« 179153342091 33E+01,
«1087F771002882€E+01,
«10CELLC23E17125¢01,
«1D0SE+0), 124796991
«10LBLTETT27292F 401,
«179153364209133€+01,
«1087€771092882F+01,
+10E64U02361712%¢01,
+10FEe21, ,12L7960991
«10LALTETT272C2C401,
«1N191S334L4209133E4¢01,
«1087E€771092832¢+01,
J10CELLO2IF1T712F 40y,

«1NCE®NL, ,124T06CSC110228E401,

o J0L3LTERT2T2C2E 0,
«109153346209133E+01,
+108T€771092882E+01,
«I0EEL6L02361712E 408,
«10EE*01, 124726991
«10L3LTERT272925¢01,
«1G91522362091233C4+01,
«3787E771092882E¢01,
« 105244 02361712E+01,
«J0CE+01, 124796991
«106BLTEIT272C2E401,
«1031F33L2021337+%1,

«3E403,

D0,
7200

+335+ 03, o

«1GCS171L12€52817 +0,
«1(772176€72395%C 04,
«1138%7921952LE+CY,
«10505123€C5€1F+0 1,
«1108334704320%50121,
«1CE2921237uLLF 411,
«10€EC&T796,202E8675401,

10328€+01, .113R579219524E+01,
«10ENE1QIECSEELF 4N,
«11083347343249€¢0 4,
«10E29T12I7uLLENY,
«106CL736202867E+«01,

10326F+01, J417RET7Q219C24F 1Y,
«175C0F193€£C661F 411,
«110A53347063249E-C1,
«10€292123744LuUE 40,
«1CES4736202RRTE+DL,

«113R8€79219F2454¢(1,
«1C505193€55€1E ¢ 01,
«1108334704L3249E+01,
«106233123 740404 ¢ 28,
«10EELTB202ERTENY,

10328Er01y, .113R579219%24E+CY1,
«10505193€55E1E+01,
«110823470432u9E+01,
«106233L2T74LUESTY,
«1(€5GT795202867E401,

10328E+01, ,113857921952LE+01,
«10E07193€E561E 401,
«110833470432LIATH0 1,
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HELIOSTAY

GECTANGULAR HELIOSTAT - WIDTH =

TH

"

THE

THE

OVERALL APEA/HSTAT= 54,760 M2, REFLECTIVE AREA/HSTAT= 49,120 RATIO (RE

e

744C My HEIGHT '=  7.GOM

SHADOWING AND BLOGKING ARE ASSUMEC NCT TG CVERLAP

HEL IGSTAT PERFORMANCE EPRORS HAVE NCRMAL OISTOPIAUTICONS WITH STANDARD DEVIATIONS OF

NAME
SIGA2
SIGEL
SIGSX
SIGSY
SIGTX
SIGTY

VARTABLE EFFECT

-AZIMUTH ANGLE

ELEVATICN AMNGLE
HSTAT SURFACE,
HSTAT SUPFACE,
REFLECTED RAY,
REFLECTED,RAY,

12 MIRRCR PANELS AFE CANTED

NO. OF PANELS IN HORIZ. OIRECTICN= 2 VERY. CIRECTION

ED ' ST0. GEV (RAC)
.00075
+00675

HORIZ. .00100

VEPT, «00100

HOF IZ. 0.00000

VEF T, 8.0C¢C00

ON-AXIS WITH THE FCLLCHWING FCCAL LENGTHS =~ RADIAL Z0NE

MIRROP PANELS FOGUSED IN TWO DIMENSTIONS
FOCAL LENGTHS DEFINED 8Y USER

DELSOL DEFAULT LIMB DARKENED SUNSHAPE

B BN NE WM

10

12
= 6

FLECTIVF2TOTALY=: ,RC7

FOCAL LENGTH(M)

1251.3
1251.3
1251.3
1251.3
1251.3
1251.3
1251.3
12%1.3
1251.3
12%1.3
1251.3
1251,3



3

- —— -

~==-= OPTIVIZATION ---c--

DELSOL WILL CO A SMART SEARCH OVER THE OPTIMIZATTON VARIAPLIS - NOT EVFRY CASE WILL 25 CALCULATEC

NO OPTINMIZATION CF HELICSTAY OENSITIES

THERE ARE

L VALUES OF THE TCKRER HETIGHT
MINIMUM VALUE = 160,000
MAXIMUM VALUE = 220.000

CAVITY PECEIVER WITH & RECTANGULAR APERTURES

THERE AFE

THERE APE

THERE APRE

CONSTRAINTS CN CESIGN(IF AaNY)

5 VALUES OF THE HORIZONTAL DIMENSICON, RX[1)
MINIMUM VALUE = 14.COC
MAXIMUM VALUE = 22,008

7 VALUES OF THE RECEIVER DIAMETER
THE CAVITY OF THE 1 APERTURE HAS A DEPTH THAT IS 1,000 TIMES TRE RECIEYER DIAMETER
THE CAVITY OF THE 2 APERTURE HAS 2 OFPTH TFHAT IS «753 TIMES TRE RECIEVER DYAMETER
THE CAVITY OF THE 3 APERTURE HAS & DEPTH THAT IS «500 TIHES THE RECIEVER DIAMETER
THE CAVITY OF THE &4 APERTURE HAS A DEPTH THAT IS «750 TIMES THE RECIFYER DTAMETER
MINIMUM VALUE 30.00¢
MAXIMUM VALUE 65,000

1 VALUES CF THE DESIGN PCINT POWER LEVEL IN MEGAWATYS ELECTRIC
MINIMUM VALUE = 125,000

" THE FLUX AT THE 1 PCINT ON THE FECEIVE9 MUST RE LESS THAN ..EUDEOOE W/r?
THE FLUY T THE 2 PCIM CON THE FECETVIR. MUST RE LESS THAN +B0LECNE K/K2
THE FLUX AT THE 3 PO0IANT ON TH: FECEIVER MUST RE LESS THAN +EONECQE W/M2
THE FLUX AT THE 4 EOIN‘ CN THI FECEYVER MUST RE LESS THAN »EOQE#0F W/¥2

THE ORIGIN OF THE FLUX SURFACE IS FROPORT[ONAL TC THE PECEIVER OTAMETEP , X
THE CRIGIN CCCRCINATES EXPRESSEC AS FRACTIONS CF THE REC, DIAMETEF avE, TAST= 000 NOPTH= ,€73 UP= C,21°0
THE FLUX SURFACE IS THE INSIDE OF £ CYLINREF WHOST CTYAMETER IS 1,000 TIMFS THE FECEIVER CIAMFTEC

THE FLUX POINTS HAVE A CONSTANT AZIMUTH AND A FFISHT THAT SCALES WITH PEC. HT, (EXT, PEC,) OR PEC, CIAM, (CAV,

CEC.)
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Sty

SYSTEM CESIGN

SAMPLE PPCPLEM 2A
DESIGR PCWER RAMGE = 12%.%50 YO 125,30 MNWE
" SCLAR -MULTIPLE 1.5f FLUX LIMIT(S)= «600EeNG «60(ELQ6 «EQ0E+DE «FOOFe0E W/ N2

DESIGN PCINT, 0AY= 81.08(0 HCURS PAST SOLA® NCCN= 0,009 INSCLATION = 9500 KW/ M2

DES.POWER BUSBAR COST TCWES HT BPERTURE MICTH RECVE KICTH NOLHFLIOSTATS (LAND AREA
(MRE) (MILLS/KHHR) ») M M) ) . (KM2Y
125.00 10%.36 20¢.00 . 1€.00 €. 00 17293. 3.906
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L. - ., e .- . £ i\ . l . . . .

DF SIGN
POWER
(MKWE)
125.040

CAVITY CCNFIGURATIOQOM

CAVITY RAZM

(CEG)
18C.C6
270.C¢C
360.00
450,01

& N

TOP, ECTTCM OF HEAT AQSCREING SURFACE RELBTIVE TC TOP CF TOKWER (CENTER OF AFFFIURE),

RELV

(CES)
2.9
30.C3
90.00
30.C0

PX
M)
1€.C0
12. 30
3.60
12. 80

cY

)
1£.09
1Z2.R0C

.61
12.8¢C

CAVITY
DEPTH
™)
17.52
12.13
8.7F
12.132

FEAT ASSCPAING SURFACT

Tep
)
3,67
2€.8¢
18,32
26.85

PCTYOM
o~y
“5.73
-Ll,12
-2.0F
~L,12

HETIGHTY
o)
£1.,21
ICL.98
20,38
Rl

LAg.
(CeQ)
12.45
13.48
1£.37
13.¢8

CAVITY ANGLES

vax
ey
1£G.5¢
1£1.°2
1£3.53
1€1.52

YOTAL
(CEG)
141,11
143,04
147,27

L6304

MINy MAX CANITY ANGLES MEASURSC COUNTERCLCCKWISE FRCK PLANE OF APEPIURE [OSTCGIN AT CENTEP CF APECTY®RE],
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) ~ ANRUAL PERFCRMANCE BREAKCCHN
CONSTANT - MIRFC(R 2EFLECTIVIVY= A9 PECETIVED ARSORPTIVITY= ,980

DES.POWER COSINE SHACH2LOCK ATM, TRANSNITY, INTERCEPT REC.OCAD-GCN PIPING TCvaL THEOPMAL- TCTAL
(MWED . " THEOWAL  ELECTRIC
125.°¢C - 787 « 9€E 925 +9u9 Q€2 « 993 .51 «39C «?20

R & -6 6 a o
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® FLUX CN SECEIVER AT PCNTS TESTED FOR PMAXTNMUM FLUY
®
® DES.PORER(MHE) ~LUX PTa MAX FLUX(W/M2) FLUX PTe MAXFLUXIW/M?) FI.-UX PT. MAXFLUX(N/MZ)  FLUX PT, MAX, FLUX(H/F2)
: 125.00 1 «T3TECOG 2 <493E 005 3 <ESEE DR 2 C1EEEVDE
®
.
..
.-' 3
D ®
. .
D
D
D
.
®
®
.‘
®
-

e o o, e . .
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. CAPITAL CCSY RREAKCOKN

L DES.PORFR -DIPECT CAP.COST ' ) PERCERNT- .

. . (MRF) . {MT,CURRENT EST.) - LARD WIRE HEL TOM oEC PIPE PUMP <Tne £PGS HTYXCHG FTYED
125.00 . 153.89 3.30 1,71 41,40  2.6€ 12,43 4,97 .52 8,05  19.37 1.104 k.55

K .
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Y

®

‘®
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ANNUAL ENEPGY BREAKDCWN

PLANT FACTZR ®EATHER FACTOF DES.PT.PARLLUAD BAV5.PAR,.LCAT
1.000 «830 «0EC +0%9

DES.POKER CVERBLL EFFICIENCY HOS.STORAGE TOT.KWHR FER YFAR CAPACITY ~ACTG®
(MKE)

12%.00 « 220 3.25 «U23CE 09 «387
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L9-9

8BEC CALCULATION CREAKDCHN

CONTINGFNCY SFARE PAPTS INCIRECT CAP,ESCALATICN INFLATICN NQ,YPS INT,CURTAG FIXEC CHG LSVHTL.C=-M(POT  LEV.PAL,C-M(PCT

(PCY CAP.COSTS) {PCT /YR (PCT/YR) T0 CONS, CONS(PCT) RPATE(PCT/VYP) KFL.CAP.COSTY OT-ED (8P,NCST)
12.39 1. 20 1£.90 8.(09 8.0C e 1€.0¢C 15,9 .FL T.RL
DES.PORER  TOTLCAP.COST EST.(MR)  TOT,INVESTMFNT(ME) TOT,INVESTMERNT (MR) 37 KT PRECCMILLS/KWHPY  POSCAMILLS/KWHE)
(MKE) INDIR.+ETC.y INCLUCED BY ST Y& CPEFATICN CLURPENT 3 CURCERNT & 1ST vo QPERATIQON CLR2F T 2
125.00 198.51 228.29 228,29 182€.37 10%.3¢ T 105.36



¢9-9

D>

L
FIELDC LAYCUT
®
DESIGN PCWER(MKE) = «12SE+N3
AZ IMUTHAL ANGLE 0.0 30.0 60.0 2.0 12040 150.0 180.0 P
MIN. RADIAL ZONE NO. 1 1 1 1 1 1 1
MAXx. RAOIAL ZONE NO. 12 11 9 < 7 5 2
®
FIELC CESCRIPTICN - LANC ARFA(M2)=  .3Q4E¢07 MIQRCR AREA = +ALOE#DA NO. OF HSTATS= 17293. AVFFAGE CENSITY
o
RADIUS " ATIMUTHAL ANGLE OF HELICSTAT, NOPTH=0, EAST=90
G. i0. €EQ. °0. 1:0. 150, 1880,
[
75 BENSITY &3 o4l 43 L] oLt3 o3 ULl ®
75 MISS. H Q4S5 « 945 » 945 e 245 «945 « 945 « 945
75 RAD SEP 1.€34 1. €36 1.E34 1. €34 1.F36 1.€3% 1.€34
75 AZM SEP 1.240 1.240 1.240 1.260 1.240 1.240 1.240 ®
75 HSTATS 49,4 4S. 4 49,4 49, 69,6 49,4 69,4
75 F LAND 1.000 1.000 1.000 1.000 1.0400 1.090 1.090
o
1.36 CENSITY 407 <407 Jug7 «ug? «487 <407 407
1.36 MISSe. H 2961 261 +961 « 861 «9EL «961 «961 Y
1.36 RAD SEP 1.¢42 1.942 1.242 1.S42 1.942 1.242 1.942
1.36 AZR SEP 1.134 1.134 1,134 1.136 1.13% 1,134 1.136
1.36 HETATS 139.7 139,7 139.7 13¢.7 139.7 139.7 132.7
1.36 F LAND 1.000 1.000 1.000 1.000 1.000 1. 000 1.000 ®
1.98 OENSITY «355 «355 «355. «355 «3E5 +«355 «355 o
1.98 MISS. H 967 «967 «367 «967 «G87 «967 «967
1.98 RAD SEP 2.329 24329 2.329 20329 2.329 2.329 24329
1.98 A2M SEP 1.084 1.084 1.984 1.084 1.084 1.084 1.08% o
1.98 HSTATS 177.7 177.7 177.7 1757 177.7 177.7 177.7 '
1.98 F LAND 1.00% 1.000 1.000 1.000 1.0¢C0 t.000 1.000 P
2.59 CENSITY «302 «302 302 «302 «302 «302 «»302
2.59 MISS. H «969 «969 «96¢ + 69 «J€9 +9€9 «96°¢ o
2.59 PAC SEP 2.8012 2.802 2.8C3 2.80% 2.803 2.802 2.803
2.59 AZM SEP 1.060 1.060 1.060 1.0€0 1.0€0 1.0€0 1.060 ®
2.59 HSTATS 198.4 198.4 198 .4 19¢€. 4 1€8.6 1298.6 198 .4
2.%9 F LANO 1.000 1.000 1.000 1.000 1.5¢C0 1.1 1.990
. L
3.20 CENSITY «25¢ «256 256 «2SH «256 - «256 2586
32.20 MISS. H «370 «370 «970 «9370 «970 <978 «979 ®
3.20 PADQ SEP 3.337 3.337 3.337 3.337 3.337 2.337 3.337
2.20 AZM SEF 1.069 1.069 1.049 1,049 1,042 1. (63 1.049
3.280 HSTATS 208.€ 298.5 25 8.¢% 20 €. 20845 20 8.5 208.5 -~
3.20 F LANC 1.000 1.000 1.000 1.000 1.n00 1.000 1.000
3.82 CENSITY <219 219 219 <219 .218 219 «21°¢
3.82 MISS. H 971 «271 »971 «271 .97 .71 971
3.82 PAC SEP 3.910 3.210 3.910 3.910 3.9340 X.210 3.910 -~
3.82 AZM SEP 1.0uéE 1,046 1. 0N0LG {1.0uE 1. 04F 1.005 1.04¢€
? 09 . ASIALS 2328 2428 2408 2428 LY .A o 0L
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€9-9

bol3
L.l
4.43
Lot3
Lob3
be43

5.06
€.05
505
€.0%
Bal

5.05

o LARD

CENSITY
MISS. H
PAD SEP
AZM SEP
HSTATS
F LAND

CENSITY
MISS. H
RAD SEP
AZ¥ SEF
HSTATS
F LAND

CENSITY
MTISS. H
RAD SEP
AZM SEF
HSTATS
F LAND

DENSITY
MISS. H
RAC SEFP
AZM SEP
HSTATS
F LAND

DENSITY
MISS. H
PAD SEP
AZM SEF
HETATS
F LAND

CENSITY
MISS. H
RAC SEP
AIM SEP
HSTATS
F LAND

.198
0971
L.S10
1.0u8
213.7
1.000

<130

E.bL01
1.074
207.8
1.000

«117
971
7.050
1.089
2C4.4
1.000

«105
« 971
7.705
1.105
8.2

1.000

117

T.050
1.089
2CL.b
1.000

105
.97
7.705
1.105
0.0
2.000

«170
«971
L.510
1.048
213.7
1.000

«1€6
«971
5.128
1.354
21z.8
1.000

o147
.q’l
5.760
1.063
210.7
1.5C3

«130
.q?i

€ois 31

1.07%
0.0
0.000

o117
971
7.0¢0
1.089
C.0
0.000

«105
«971
7.70¢
1.105
2.0
0.000

1.002

«190
«C71
4,13
1.048
213.17
1.000

«1€6
«971
F.128
1.(54
212.8
1.0¢00

«1L7
«S71
5.760
1.0€3
14¢.9
«€32

«130
« 971
€.401
1.074
0.0
0.000

«117
« 971
7.850

1.089°

.9
0.000

105
971
7.705
1.10¢
0.9
g.0010

1.3€2

.10
«CT71
4,516
1.04R
213.7
1.060

«1€8
«9Nn
€.128
1.:5¢
n

C.n00

147
971
E.7€0
1.C€3
¢
C.n¢"%

«130
«C71
E.t01
1.974
0.0
0.000

«117
97
1,060
l.ueg
G.r
g.008

«10¢
«C71
T.70%
1.105%

g.300

=

.10
I°71
LeT12
1.048

t.000

<166
.971
£.128
1,754
£l
0,100

o107
«371
5.760
1.0€3
0.0
J.t10

«130
«971
€.001
1.074
0.0
0.00

«117
«371
7.950
1.089
N1
0.000

«105
«971
7.705
1.108
0.c
2.0038

Je10%

<190
971
L.F1C
1.048

3.200

+1EE
371
S.128
1.954
8.C
0.000

o167
«971 .
547610
1.0€3
0.¢
0.000

«130
«971
holNl
1.074
0.0
0.000

117
.q?i
7.050
1.089
0.0
0.000

«105
.971
7.705
1.10%
c.0

2.000
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DES.ELEC.FOMER
(MKE)
12%.00

CAPITAL COST OF THEPMAL ENERGY

NEAS THE PASE OF THE TOWF®

COSTS INCLUDE FIELO, RECEIVER, TORER o, PIPING ANN PUMPS

THEOMAL POWER CAP.CCST
(MW TH) ($7K6 THY
LT LE 215.881



B. Optimize Aperture Size

Input Cards

SAMPLE PR@BLEM 2B

$BASIC ITAPE=2$

$REC TREC=2, RRECL=0.98, THT=200., W=35., IAUT@P=2, NUMCAV=4,
RX=16.,12.8,9.6,12.8, RY=16.,12.8,9.6,12.8, RWCAV=1.,0.75,0.5, 0.75%

$@PT NUMTHT=4, THTST=160., THTEND=220., NUMREC=5, WST=14., WEND=22.,
NUMHTW=4, HTWST=0.75, HTWEND=1.5,
NUM@PT=1, P@PTMN=125.E+06, PPPTMX=125.E+06, IPLFL=1, I@TAPE=1,
IRERUN=1, ISTR=1, NSTR=11$%

$NLFLUX IFLX=1, NXFLX=5, FAZMIN=135., FAXMAX=225., NYFLX=5, FZMIN=-5.,

FZMAX=20., NFLXMX=4, NMXFLX=8,13,18,23, FLXLIM=4*0.6E+06%

$NLEFF REFRC=0.937, AREF=881.%

$NLC@ST CREC1=4,735E+06, ARECRF=1749.%

SNLECOANS

PERF@RMANCE RERUN.

$BASIC ITAPE=3, TDESP=125.%

$FIELDS

$HSTATS

$RECS :

$NLFLUX IFLX=1, IFX@UT(3,1)=1%

SNLEFFS

$REC W=-1.%

Analysis of Input

As in Problem 2A, the performance data tape created in Problem 1 will
suffice for initial performance input (ITAPE=2 in $BASIC$). For optimizing
aperture size, the optimum cavity depth for the first aperture from Problem
2A becomes the input value for W in $REC$S in Problem 2B. The tower height and
aperture dimensions from the optimized design of Problem 2A are used so that
the flux map can be referenced to the calculated values for the heat absorbing
surface given in the cavity configuration summary. In $@PT$ the tower
height and aperture width ranges are kept the same as 2A although a narrower
range around the optimum values of 2A would probably suffice in this problem.
The aperture size variation is specified by selecting NUMHTW values of the
first aperture height to width ratio (i.e., RYTRX is now varied by the code)
from HTWST to HTWEND, and by using the default value for I@PTUM. The other
three apertures will be sized by the same ratio and by the relative size with
respect to the first aperture given by RX2TRX, RX3TRX, and RX4TRX, or defined
by the RX's and RY's in $REC$, as done in this example. These are kept the
same as in 2A. To save the optimization results on tape, the I@TAPE=1
option is set (and the appropriate catalog instructions are included in the
control cards). For storage optimization, a detailed performance calculation
is required (IRERUN=1), and the storage optimization is specified with ISTR=1
and NSTR=11 (j.e., the maximum storage size will be decreased in increments of
0.1). The flux map is redefined in $NLFLUX$ to span most of the height of the
back wall determined in 2A; the bottom 4 points along the centerline are
tested. Other inputs for the optimization group are the same as in 2A.

For a detailed performance calculation of the optimized system, the input
set of Table A,A-2 is included. ITAPE=3 specifies that a user defined system
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is to be read from TAPE30, and TDESP indicates the power level in MW of the
system to be analyzed. Since a flux map is desired, the flux calculation must
be turned on (IFLX=1) and the time at which the calculation is to be carried
out set (IFX@UT(3,1)=1 => flux map at the design point).

Comments on Qutput

Only the summary design tables and performance rerun output are shown
here since the initial output is quite similar to Problems 1 and 2A. Note
that the code chose the same system design as in Problem 2A. As mentioned in
2A, the user will probably want to rerun this problem with a finer grid of
flux test points in the vicinity of the peak indicated here.-

The detailed performance output for the optimized system follows the
optimization summary tables. The redefined variables written on TAPE30 are
printed in the $FMTP list and the input namelists for a performance run are
listed (not shown here). Tables summarizing the heliostat (p. B-77),receiver
(p. B-78), flux map (p. B-79), zoning (pp. B-80 to B-82), insolation and sun
position (pp. B-83 and B-84), yearly average performance (pp. B-85 and B-86)
and performance at each time step (p. B-87) follow. Design point power (p.
B-88), annual power production at the optimum storage size (pp. B-89 to B-92),
and the yearly averaye energy production are detailed in the next set of
tables (p. B-93). Finally the flux calculation for the map specified is given
(p. B-94). , A

B-66



~~

L9-19

SYSTEM PESIGN

SAMPLE PRCELEM 28
CESIGN FCWER RAMGE = 12%.0C TC 125.0¢ MWE

SoLAP MULTIPLE 1.50 FLUX LIMIT(S)= «630E+0E +EQ (F+CF «ECOE +DE «EQQE+DE WIM2

DESIGN PCINT, CAY= R1,000 HCURS PASY SOLAR NCCN= €.007 INSQLATION = 9500 KW/WM2

BES.PORER EBUSPAR COST TOWER HT  APERTULRE WICTH APERTULRE HT NOLHELIOSTATS LANT AREA
(MWE) (MILLS/KNWHR) M (M) M) (KH2)

12%.00 10¢.36 202.00 1R, DC 1£.C0 17293, x,a0¢



?

P CAVITY CCKFIGURATION
()]
(¢ ©
PY DESIGN CAVITY FEAT ABSORPING SU?FACE CAV™TY ANGLES
POWE® CAVITY QAZY RELV RX sY - DEPTH Tee ECTTOM  HETGHY 343 MAX TeTaL
(MWE) (DEC) (TEC) ) ™) ™) (M) M L)) (GEG) 10y 1re6)
PN 125.00 1 180.¢¢ 97.9¢ 1€. 10 1€.29 17.5¢ 3,67 -E.73 u1.21 19,65 160,55  13t.11
2 270.0C 99.00 12.80 12480 12.13 2¢.€5 ~4.12 30,96 13,48 1F1,52 13,04
‘ 3 360,00 99,00 S.60 €.h0 e.7¢ 18.32 -2.0¢ 20438 15.37 1€3,€3  1L7,27
°® & 450.6¢C 91.0¢ 12.80 12.80 12,13 26485 ~t1g 0.9k 13.48 1€1.52 143,06
Ly L d
® - TOP, ROTAOM OF HEAT ARSEPAING SURFACE RELETIVE TQ 109 OF “OHER (CENTF® IF APFPTURE), :
femene MINy MAX CAVITY ANGLES MEASUREC COUNTFRCLCCKWISF FECM PLANE OF APERTURE €CRIGIN AT CENTE® *LF APFPTUFE).
. ’
. @ -
®
-
®
o
. @
| J
g
R .'
®
®
. N
®
~
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69-4

ANKUAL PERFCRMANCE °REAKCCRM
CONSTANT « NMIRR(R REFLECTIVITY= .89¢0 PECEIVER AQSCORPTIVITY= ,A80

DES.POKFR CCSINE SHAO4RLCCK ATM,YRANSMIT. TIATERCEFT PEC.RAC-CCN
(MWE)
125.C¢ «787 «SGEE «92% «CL9 252

PIPING

« 393

TCTAL
THEFRMAL
«551

THEPMAL-
FLECTRIC
« 299

TevaL

220



)

0/-9

DESJPOWER (MKE)
12%.990

FLUX CN 2ECEIVER AT PONTS TYESTFC FOF IMAXTIPUM FLUX

FLUX PT, MAX,FLUXIW/M2) FLUX PT, MAXJFLAY(W/M2) FLLUX 3Te MAXGTLIY (/M)
1 «889E+0€C 2 s ETEEMLE 3 ea4af 4NE

FLUX PT,

MAY FLUX(W/ M2)



3

L-4

CES.POUER
(MF )

12.0¢0

CAPITAL €CST

CIQECT CAP.CCST
(ML CUFRENT EST.#

1£3.89

ARFAKNCUN

Lane

3.3¢

PERCENT -
WIRE
1.7 41

HEL

o

Tow

2.EF

2fC

12,43

PIPE

4.937

PUNP

52

STeR

R.NE

£pCS

10,17

HIXCH S

1.4

FIXED

4.8
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2L-9

ANNLAL ENERGY PREAKCCWN

PLANT FACTCR WEATHER FACTOF DES.PT.PAR L0AC AVG.PAC.LCAC
1.000 830 «iB* .0c¢

DES.POKER CVERALL EFFICIENLY HRS.STORAGE TCT.<WHF FER YFAF
(MWE)

CAPACITY FACTOR

«ER7




)

BBEC CALCULATION BREAKDOWN

CONTINGENCY SPARE PARTS TINCIRECT CAP.ESCALATICK TINFLATICN NC,YRS INT.MNUPING FIXEC CHGE  LEVLHEL.C-MIPCT LEV.3AL.C-M(PCT

(PCT CAP.COSTS) (PCT/YR) (PCT/YRY TC CCONS. CONS(PCT) EATS(PCT/VYP) HIL.CAP,COST) NTHER CAP,NCST)
12.2r0 1.00 1€.560 .00 .00 0 1%.00 15.30 .04 ) J.€4L
DES.POWER TOT.CAF,COST EST, (ME) TOT.INVESTMENT(M3Y TOT,INVESTMENT (M§) 1 74443 EOECIMTILLES/KWRR)  RBEZ(MILLS/KHHP)
(MRE) INCIR,. ,ETC. o INCLLCED 8Y 1ST YR CPERATICN CURRENT 3 CURRENT § 1ST YE CPERATICN CURQENT 3
125.00 198,51 ) 228,29 : 228,29 182£.32 1°E,T€ 105 ,3¢




¢ T
~4
. H
FIELC LAVYCLTY
o
DESIGN FCWER(PRE)=  ,125E¢03 ]
® AZIMUTHAL ANGLF 9.0 2.0 €8.0 €.t 120,90 1560..7 180.0¢
MIN. RACIAL ZONE NO, 1 1 1 1 1 1 1
MAY. RADIAL ZONE NO. 12 11 9 o 7 s 5
®
' FIELQ CESCRIPTICN - LANC AREA(M2)=  ,3916+(7 MIPRC® APEA =  ,B4OF406 NN. OF HITATS= 1729T. AVEFAGE OFNSTTY = ,217
° .
RADIUS : AZIMUTHAL ANGLE OF HELIESVAT, NORTH=0, FAST=Q9
°® 0. 30. 50. 20. 120, 150, 180,
' ° .75 CENSITY 483 663 chl 63 chg J443 663
«75  MI1SS. H <945 « 945 «Q4E « 945 « 345 « 9865 «945
«75  RAC SEP 1,634 1,636 1.E38 1,634 1,635 1,634 1,634
PY .75  A2M SEP 10260 1,260 1,260 14260 1,240  1.200 1.240
.75  HSYATS 49,4 49,4 49,4 4S,.4 9.0 69,4 49.4
.75  F LAND 1.000 1.000 L.GOC  1.100 1.,6C0 1.000 1.000
o
. 1.36  CENSITY  .407 su07 «u0? $407 +407 407 40T
Py 1.36  MISS. M <961 . 961 «961 < C€1 .9¢1 . 961 <961
1.36 RAD SEP 1942 14962 1,942  1.S42  1.942 1,942 1.942
1.36  AZM SEP 1.136 1,136 £.136 1,234 1,136 1,136 1,134
® 1.36  HSTATS 139.7 139,7  :39,7 -13¢,7 13¢,7 139,7 139.7
1.36 F_LAND 1.000 1,000 1.0C0 1,C00 1,000 1.C00 1,000
o 1.98  CENSITY +355 +355 +355 «356 +355 «355 «355
1.98  MISS. K «967 .967 . 967 <967 134 <967 <967
PY 1.98  FAD SEP 2.329 2,329 2,329  2.32¢  2.3129 2,329 2.329
1.9-8 A?H SEP 1-08'0 1.08¢% L. 038k 1.684 1.:854 1.08% 1-08-"
1.98  HSTATS 177.7  177.7 127.7 t77.7  11%.7 117,7  177,.7
°® 1.98 F LAND 1.000 1,008 ..000 1,800 1,000 1,000 1,000
Py 2459  CENSTTY «302 .392 332 « 392 .36 «302 «302
2.59  PISS. H . +969 +969 «959 X +9€9 «959 «96%<
2.59 RAD SEP 2.803 2.803 7.803 2,803 2,803 2,803 2.803
P 2.59  AIM SEP 1.060 1.060 1,060 1.06C 1.060 1.06) 1.06)
2.59  HSTATS 198.4 198,64  198.4  19f.L  1€8.4 19A,4  19B8.&
2.59 F LAND 1,000  1.000  {.0000 1.C00 1.0C0 1,000 1.00D
® ‘ ' .
3.20  CENSITY «258 .256 «256 «256 «256 «256 “255
°® 2,20  MISS. H .278 . 970 .97 « 670 .S70 <970 - .97
3.286 RAD SEP 3.337 3,337 2.337 3.337  1.337 3,337 3.337
3.20 AZM SEP 1.069 1,089  1.049 1,069 1,049 1,063 1,053
-~ 3.20  HSTATS 208.5  208,5 208,58  206.%  Z0R.E 20 f.5 208.5
i 3.20 F LAND T 1.000 {.00C 1.990 1.€09  t.f0C  1.000 1.002
3.82  DENSITY .219 «219  © L.213 ,219 .210 «219 .213
3.82 MISS. H 971 «971 «971 .71 «971 .97 «971
3.82  RAQ SEP 3.910 3,910  3.910  3.S10 2,910 3,911 3,917
z.82  AZM s=p 1,066 1,966  2,06F  $.0%€ 1,34€ 1,746 1,068

. T a9 CIATS 2492 242 9 242 242 A ‘29 0 _n [y

)




>

G/-9

5.66

- S.EE

.66

£.27
6.27
6427
€.27
£.27
€.27

6.89
£.89
€E.89
.89
6 'eg
€.89

7.50

.7.50

7.50
7.5¢0
7.5¢
7.50

. LAKD

CENSTITY
MISS. H

FAD SEP’

AZM Sep
HSTATS
F LAND

CENSITY
MISS. H
RAD SEFP
AZM SEF
HSTATS

F LAND

NENSITY
MISSe. W
RAD SEP
AZM SEP
HSTATS
F LAND

CENSITY
MISS. H
RAD SEP
AZM SEP
HSTATS
F LANC

DENSITY
MISS. H
RAD SEP
AZM SEP
HSTATS
F LAND

DENSITY
MISSe. H
RAD SEP
AZM SEP
HSETATS
F LAND

~==~- QUTPUT KRITTEN ON LOCAL FILE TAPE30 - USFR SHCOULD STORE THIS 0DATA

1.000

.iqe
971
.10
1.048
213.7
1.041

«1HE
971
5.128
1.054
212.8
1.c080

o107
371
5.760
1.063
210.7
1.000

«138
«971
E b1
1.074

2C7.8 .

1.508

o117
.q'i
7.0580
1.089
2044
1.000

«105
«971
7.735
1.106
98.3
1.000

<117

7.050
1.089
204,04
1.030

«105
'971

1.1905
0.0
0.000

1.900

.190
«971
4.%10
1.048
213.7
1.050

«1€6
« 971
5.128
1.0¢46
212.8
1.508

o147
«971
. TED
1.0€3
210.7
1.000

«1320
«978
f.t01
1.074
GoC
d.2C0

o117
«971
7.350
1.089
0.0
g8.0C

«105
9371
7.705
1.10¢
0.0
0.000

1.€00

«1€6
«CT1
5.128
1. 054
212.R
1.049

e 147
«S71
€. 7€0
1.663
14¢%.9
«£92

«13C
571
6.401
1.7
0.C
0.00

<117
e €71
T.CE0

1.089

0.0
0.C0

«10€¢
«S71
T.705
1.105

. €80

1.7¢C0

.10-0
«871
4.510
1.348
c11.7
1.0¢C0

1 €6
<57
t.128
1.0¢0
2.0
G.1C0

1Y
SeT€D
1.17€3
”.“
0. 000

1280
971
€.601
1.070
0.0
0.700

I117
<971
7.3¢0
1.089
9.0
t.000

«105
97N
7.705
1.165
OQQ
0.000

0.

«1Q0
«971
L.%10
1‘0“6

0.000

«166
«978
5.128
1.056

0.020

«131
«971
Feli0)
1.074

0.000

<117
.97
7.050
1.089
G.0
£.%00

«10¢
«9371
7.70%
1.105
0e0
0.000

7.000

«19¢
«971
4,210
1.068
LD
0.000

«16€
«371
5.128
1.054
8.0
n.000

o107
971
Ge7F0

1.063 -

0.0
0.000

+130
«971
6,001
1.074

0.000
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CAFITAL CCST 0F THERMEL ENEPGY NEAR THE BASE OF THF TOWER
COSTS INCLUCE FIFLC, FECETY:O, TOAWER , PIPTNG AND PUEPS
DES.ELEC.POWES THERMAL POWSR  CAPLCCST
(MWE) (MWTH) (3/7KWTH)
125.4¢C U77.4¢ 215,881
T
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HELIOSTAY

PECTANGULAR HELIOSTAT - WIOYH = 7,40 M, HEIGHT = 7.40%
OVERALL APEA/HSTAT= SL.T60 M2, PEFLEGCTIVE ARFAJHSTAT= 49,120 RATIC (REFLROTIVE/TOTAL)= ,A8Q7

THE SHARCHWING AND BLOCKING ARE ASSUMEC NCT TQ OVERLAP

THE HELYOSTAT PERFORMANCE EFRCRS HAVE NCRMAL DISTRIBUTICNS WIVH STANCARD DEVIAT IONS OF

NAME  VARIABLE EFFEGTED STD. BEV (RAD)
SIGAZ ~ AZIMUIM ANGLE .00075 ;
SIGEL - ELEVATION ANGLE .00075
SIGSX = HSTAT SURFACE, HORIZ. .00100
SIGSY -~ HSTAT SURFACE, VERT. .00100
SIGTX - REFLECTED RAY, HORIZ. 2.00000
SIGTY - REFLECTED RAY, VEFT, g.00¢09¢0

THE 12 MIRROP FANELS ARF CANTED ON-AXIS WITH THE FCLLCWING FOCAL LENGTHS - RACIAL 2CNE  FCCAL LENGTH(M)
' 1430.0
1430.0
1630.0
16430.0
1430.0
1uIN.C
1430.0
1630.0
1420.0
1430.0C
143¢0.0
1630.9

Nre 30 ® AM AT WN -

- b

NOs OF PANELS IN HCRIZ. DIRECYION= 2 VERY, OIRECTION = 6

MIRROP PANELS FCCUSED IN TWO CIMENSICNS
FCCAL LENGTHS DEFINEN BY USER

DELSOL CEFAULT LIMB.CARKENEC SUNSHAPE



—

P

e 6 6 o o6 o o6 o6 o o o oo o o o o o
8L-4

d

TOWER HFICHT=209

THE TOWER SHAODCKW IS CALCULATEC USING A CYLINCER OF HFIGHT=

RECETVER

«N3 M ARQVE PLANE OF HELTCSTAT FIVCTS

CAVITY RECEIVER

THERE ARE &4 APERTURES (R FLAT
NUMBER2 t AZIMUTH=180.0
NUMBER 2 AZIMUTH=2718.0
NUMBER 3 AZINMUTH=ZEL,.D
NLMBER 4 AZIMUTH=450.8

THE
THE
THE
THE
THE
THE
TRHE
THE
THE
THELD
THE11
THE12

WO NN L WN -

AZIMUTAL
AZIMUTAL
AZIMUTAL
AZIMUT AL
AZIMUTAL
AZIMUTAL
AZIMUTAL
AZIMUTAL
AZIMUTAL
AZIMUTAL
AZIMUTAL
AZTMUTAL

IONES
ZONES
ZONES
ICNES
ZONES
ZONES
JONES
20ONES
ZONES
I0NES
20NES
20NES

200.7 M AND DIAMFTEFR

PLATES WITH RECTANGULAR SHAPES

ELEVATION=
ELEVATIOMN:

0,0 HORIZCNTAL
. HCPIZONTAL

FLEVATION= 30,0 KGRIZOMTAL
ELEVATICMN= 0.0 HCRIZONTAL
ANGLE= 8.] ARE AIMEC AT
ANGLE= 30.0 ARE AIMED AT
ANGLE= €040 ARE AIMED AT
ANGLE= 90.0 ARE BIVEC AT
ANGLE= 12040 APE BINFED AT
ANGLE= 150.7 ARE AIMECT AY
ANGLE= 180.0 ARE ATIMED AT
ANGLE= 210.0 ARE AIMEC AY
ANGLE= 240.G ARE ATMED AY
ANGLE= 270.0 ARE AIMED AT
ANGLE= 300.0 ARE AIMED AT
ANGLE= 330.0 ARE AIMEDN AY

<
N
S
S

Pl S S N S

THE COBE WILL AUTCMATICALLY CALCULATE A 2 CIMENSICNAL SHART

I10c= 16.00
ICF= 12.8n0
ICE= 49.60
10f= 12.80
APERTUPES
APERTUPRES
APEPTUYRES
APERTURES
APERTURES
APEQTURES
APERTUPES
PPERTURES
APERTURES
APERTURES
APERTURES
APERTURES

CTHER
T HER

OV HER

OTHER

NO.
NG.
NO.
Nol
NO.
NQO.
NO.
NO.
NO.
Nc.
NG,

Z
[=»]
.

s P WwWN AN

SICF=
SICFk=
SIrf=
SICEs=

K=
[ 3 H
Hl1=
W=
K1=
Wl=
N1z

Wl=.

Kl=
W¥=

WT=

WT=

11.4 ™

1€.00
12.80
9.60
12.80
1-00'
1.00,
1.00,
1.00,
1.12,
1.00.
IOUU'
1.09,
1.00,
1.00.
.1.“0'
1.09,

ATMING FOR EACH Z20KE AT TACH

NO .=
NC,.=
NCe=
N0-=_
NC.=
NC.=
NG .=
NG.=
NQ .=
NC.=
NC.=
NC,.=

TINE

STEP
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FLLX CALCULATICH

FLUX POINTS ON

INSICE GF CYLINDER (F FACTUS17.5C M CENTEREF AT X= ,C0 Y=17.50 2=

SEVERAL HELTICSTATS AT CIFFERENT POSTTICNS WITHIM EACH 7CNE ACE USED IN GENERATTING FLUYES

HT (M)

20.000
13.750
7.5¢6C0
1.2€50
=5.000

NUMERER

WONDRNEWN -

AZIMUTH OF NCRMAL(180

13.004

11
1€
21

1€7.530

12

22

1890

13

23

COCRDINATES OF

CCORDINATES IN METEPS

EASY
12.37
6.70
«00
-6.780
-12.37
12.37
6.70
.uu
~6.70
-12.37
12.37
6.70

« 00
-6.710
-12.37
12.37
6.70
000
-6.710
-12.37
12.37
6.70
.00
-€.70
-12.37

NORTH
S.13
1.33
0.00
1.33
S.13
5.13
1.33
0.00
1.23
Se13
5.13
1.33
6.90
1.33
€.12
€.13
1.33
0.00
1.33
513
513
1.33
0.00
1'33
S.13

up
20.00
20.00
20.00
20.08
20.00
13.75
13.75
13.75
12.75%
13.75
7.50
7.50
T.50
7.50
7.50
1.25
1.25
1.25
1.2¢
1.25
-€.00
~£.00
-5.N¢
-SODU
-£.00

= NORTH . FACING)

«C0C 2n2.5(0

16
19
24

c.0nC

10
15
20
25

FLUX POINTS ANC ANGLES CF SUPFACE NORMALS

POL AR
ANCLE
90. G0
90.CO
30.00
90. 00
90. 00
90.00
90. 00
90. (0
30.00
90. 60
9C. 00
90.00
30.00
98. 3G
30.00
90.00
9C. 00
9. 09
90"30
90.00
90.00
90.00
90.¢0
90. CO
90.00

B2TMYTHAL

ANGLE
13%.9¢
187.50
180.00
202.%0
225.0C
135.00
1€7.50
130.00
202.5¢0
22%.(C
135.00
1€7.%0
189.00
202. %0
225.00
135. 00
1£7.50
1€2.19
202.°C
225.C0
135. (0
187.¢0
189.0¢C
202.50
22%.08
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ZCNING
®
o
USER NEFINEC FIELD
o
FIELC CESCRIFYICN - LANAE ARTA(MN2 )= «3915407 MIRROF AREA= «B49E4 06 NC., OF HSTATS = 17293, AVEPLGE DENSITY = ,217
NRACMIN 1 1 : : { 1 -1 1 1 1 1 1 e
MRADMA X 12 11 ° Q9 7 L] s € 7 3 Q9 1
A @
HELIOSTAYS ARE LAID OQT IN A PAQTAL STAGGER PATTERN
‘ o
FIELC RACIUS MAX= 7.5C MIR= .75 STEP= 61 TOWER HEIGHTS
: o
NCTE - THE UNITS CF THE RADTAL SEFARATIEN ARE THE NUMBEF OF HMELTOSTAT HEIGPTS, HM= 7.,4D RETEPS
- THE UNITS OF THE AZIMUTHAL SEPARPATICH ARE  THE NUMREP OF HELIOSTAT WIDYH4S, WM= 7,48 METERS .
NQTE - THf RADIUS CF THE HELICGSTAT IS GIVEN IN UNITS CF THE TOWER HEIGHT=229,)8 VETERS
NOTE - MISS. H IS THE FRACTION CF THE ZJINE AVAILABLE IN PACTAL LAYOUFS BECAUST 2F SLIP FLANES .
NCTE - FR LAND IS THE FRACTION OF THE LAND WAITHIN A ZCNE THAT IS AVAILABLE OUT TOQ LAND CCHSTRPAYNTS QR FIFLC YRIM
. o o
RANIUS AZIMUTHAL ANGLE OF HELICSTAT, NNRTH=¢, FAST=OQ .
0. 30. 60. 9g. 10, 1%50. 180. 210. 240, 273, 3(0. 333. .
75 BENSITY b3 o043 LY o ll3 Ll LY X ole b o BLY « 413 a3 bl 2 LGJ
75 MISS. H « 345 « 9645 « 945 »CLE » 945 +9U5 L) « S « 345 » S45 «C4E « %45 .
.75 RAC SEP 1.€34 1.€34 1.€34 1. €34 1. €36 1. €34 1.€3% 1. £34 1. €34 1. E3L 1. €34 1. €34
75 AIM SEP 1.240 1,240 1.240 1.20u0 1.248 1240 1e240 1.260 1.2060 1.2460 1.248 1. 240 °
75 FR LANC 1.000 1.100 1.0 1.009 1.1706 1.000 1.0080 1.000 1.0¢C0 1. 027 1.C¢0 1. 000
75 FIELDWT .003 «003 +003 «(02 «2083 <703 «003 « 093 «C03 «033 .003 +003
75 HETATS 49.4 La,4 49,4 L9.4 Lol 69.4 49.4 49,4 ad,4 69,4 49,6 49,4 ®
1.2¢ CENSITY 407 407 uQ7 W07 Jug” Su07 W™ 407 Jun? 607 <407 U7 e
1.3¢ FISS. H «9€14 «961 » 361 «9€1 «9EL 2961 «9EL «CE1Y .':'51' «9€1 «9361 « 261
1.36 RAC SEP 1.942 1,962 1,942 1.C42 1.942 1.942 1942 1,342 1.942 1.9462 1.242 1.942
1,36 AZM SEP 1.134 1.134 1134 1134 1.134% 1.1304 1.13% 1.13¢ 1.134 1.134 1,134 1.134
1.36 FR LAND 1.000 1.000 1.000 1.000 1.782 1.0100 1.063 {fef02 1.1909 f.to¢ 1.170C 1.000 [ J
1.3¢ FIELCHT 008 «308 +C28 «{C8 .03 «N038 «063 <006 «008 +« {08 «008 + 008
1.36 HSTATS 139.7 139,7 139.7 139.7 139.7 13¢.7 139.7 139,7 139,7 139,7 139.,7 39,7 P
1.98 BENSITY ¢ ISE «355 355 e 165 «35% «X55 355  .355 «356 «35¢ «355 . 155
1.98 MISS. H «967 «CB7 , <967 «SB7 «9E7 «967 ' o967 « Q6T « 287 « 967 «967 « 967 ]
1.98 RAC SEP 24329 2,329 2329 2,329 2.323 2.329 26323 24329 243?29 2.329 2.329 24329
1.98 AIN SEP 1.084 1. 084 1,084 1.004 1.086 1. 084 1.0R% 1.088 1.084 t.784 1.084 1.084 ~
1.98 FR LAND 1.002 1.000 1.000 1.0C" 1.762 1.000 1.002 1. 0012 1.C"0 1.000 1.019 t.0np v
1.98 FIELOKT «013 sQ10 «J10 <10 o 010 ¢ 313 <01 «F18 «010 «C10 <010 «010
1.98 HSTATS 177.7 177.7 1777 1777 177.7 177.7 177.7 177.7 7.7 171,7? 177.7 177.7 -
2.59 DENSITY «302 302 «3C2 «302 P « 222 o302 302 «2N2 £ 202 202 «302 ~
2.59 MISS. H +969 969 «96¢ e 96 ¢ +JE9 'e969 13 « 9673 «269 «ShE «S6°¢ 269
2 £Q T LIRSS 2. _ap? 2 _pn3 2 pna 2 _anz 2_an3y 9 _gnz enenllid 2. pne 2 g0 o ANT 2 R Q2 2 0



2.59  AIv SEP 1.06C 1.060  1.060  1.CE0  1.060  1.067 14060  1.767  1.760  1.C6C  1.RE0 L. 360

.. 2.59 FR LANC 1.000 1.060 1.7C0 1.601 1.30C 1.03) 1.00° 1.002 1.000 1.0°0 1,020 1. 70"
2.5¢ FIELCWTY «C11 011 oL 11 <011 <3111 «C11 .N11 <011 «011 . C11 .01 .011

® 2.59 HSTATS 198.4 128.4 198.4 138. 4 199,46 198.4  138.4 13844 138, & 1CR. b 198,.b 198, 4
® r.2¢C CENSITY «25¢ «256 . J2F56h . «256 «25h « 256 «25€ « 25 « 256 258 «256 . 256
T.2¢C MISS. H 970 .27 «970 « €70 «370 «270 «370 <70 «270 «270 .279 « 970
.20 RAC SEP 3.337 3.337 3.337 3.337 3.337 3.337 3.337 3.237 3.337 3.337 .33 3.337
® 3.20 azr SEP 1.C43 1. 069 1.569 1.749 1.049 1.049 1.049 1.08¢ 1.049 1. (L9 1.0489 . 200
r.20 FR LANC 1.0¢€0 1.3 1.000 t.000 1.4287 1.0 1.090 1.008 1.7170 1.00f7 1.230 1. 300
l.20 FIELC KT «C12 «012 12 012 « 012 «012 «012 « 012 <012 « (12 012 «012

® 3.20 HSTATS 208.% 208.% 208.% - 208.° 20 €.5 208.% 208.5 20f.¢ 208, ¢ 20R,.°% 20R, < 20%. ¢
) 3.82 BENSITY 219 .219 «219 scl0 +219 «219 «219 «210 «219 219 «219 «219
3.82 MISS. H 971 « 971 .97 «S71 «C71 « 271 «971 271 .71 271 «371 .71
3.82 eA0 SEP 3.910 3.910 3.9310 3.910 3.910 J.210 3.910 3.918 3.910 3.210 3.210 3.0tC
® 3.82 AZM SEP 1.06E 1.046 1.34¢€ 1. 246 1.34F 1.046 1.046 1.06¢ « L€ 1.6k 1. 044 1.04F
.82 FR LANC 1.660 1.002 1.300 1.00" 1.3C0 «£00 -e300 <009 1.70"n 1.77¢C 1.0¢eC 1.00C
.82 FIELD®T «C12 .012 «012 «(12 012 0.000 N.000 g. (N0 012 «012 o012 . 012

® 3.82 HETATS 212.8 212.8 21248 212.8 212.3 o0 o0 oL 212.8 212.7 212.9 212.2
Y Lob3 CENSITY « 199 «130 «190 «19C «121 «190 «19°0 <127 .199 190 «180 « 130
b3 MISS. H «971 «971 «971 «S71 <871 .71 971 « 971 .71 271 971 971
443 RAD SEP 4.S10 4.510 L.510 6.S10 4510 4.S10 4,510 t.c10 L, 10 4.510 4,510 L.S40
) 443 AIM SEP 1.048 1.048 1.048 1.06¢ 1.2048 «Ch8 1.048 1.(68 1.06R 1.(48 1.7438 1.068
Lot FR LANG 1.000 1.000 1.030 1.007 t.0n « 30 «00¢ «n0c 1.1890 t.00¢ t.ng" 1.00¢
4,063 FIELDWT «C12 «012 «012 « 012 «012 0.000 0.00¢0 9,000 «012 012 012 « 012

° Lots3 HSTATS 213.1 213.7 213.7 213.7 213.7 0 0 o0 213.7 213.7 213.7 213.7
) .35 DENSTITY «1€6 «166 «1€6 «1€6 «166 «166 «166 «1€6 «1E6 «1€E 166 «16&
5.05 MISS. H .37 «971 «371 «S71 «971 «971 371 971 «371 «371 371 « 97t
€.05 RAD SEP €.128 €.128 5.128 €e128 €.128 F.128 5.128 S.128 S.128 .28 f.128 S.128
o 5.05 AZM SEP 1.054 1.054 1.054 1.754 1.7%0 1.054 1.05¢6 1.054 1. C5u 1.C56 1.054 1.058
.05 FR LAND 1.300 1.000 1.90¢6 1.760 LN .0019 «00¢C «000 .00 t.88¢ 1.009 1.704
5.05 FIELCKT «C12 «012 «N12 «012° G.000 0.000 0.000 0.C00 0.000 « 012 «012 « 017

® 5.0% HSTATS 212.8 212.8 212.8 21248 «0 .0 o0 0 .0 212.°¢ 212.8 212.8
® S.EE CENSITY o147 167 o147 0147 o147 .147 LY o167 1067 <167 o147 « 147
S.66 MISS. H «971 271 «3971 « 971 971 971 «371 «C71 «871 971 971 «971
S.€6 RAD SEP S.760 €. 760 5.7€0 5.7€0 Se.TED 5. 760 5760 5.760 €. 750 €s760 €. 7€0 5.760
® 5.€6 AZM SEP . 1.063 1.063 1.063 1.C€2 1.7€3 1.96% 1.062 1.062 1.062 1.062 1.C€3 1.067%
5.6€ FR LANC 1.000 1.000 1.680 «€02 . C0 .00 «Nac B8 <809 « €92 1.7 00 1.909
S.66 FIELCHWT «012 «012 «012 « 008 0.000 0.000 0.000 0.c00 0.000 «008 . 012 « 012

® S.€6 HSTATS 210.7 210.,7 210.7 145 .9 o0 .0 o0 ot .0 16€.Q 210.7 210.7
) 627 CENSTITY 130 «130 «130 « 130 «130 «130 «130 «130 <130 «130 «130 «139
6.27 MISS. H 971 0271 «371 971 <971 .97 «971 « 271 .C71 971 971 . 271
6.27 RAD StP €.401 . 6,401 €e01 €.ul1 €401 €01 6e001 €.t Fals91 Fa.l1 €.401 Ea. U1
® €.27 AZM SEF 1.074 1.074 1.074 1.374 1.974 1.076 1.07¢6 1.074 1. 174 1.776 1.074 1.07%
6.27 FR LANC 1.00¢8 1.1700 «£Ch «GC" «9e" o209 «000 <000 «500 - (00 000 1.003
€£.27 FIELCHT «012 012 0.000 g.C00 g.000 n.008 D.00¢ 0.000 0.000 g.coe g2.000 . 012

P £.27 HSTATS 207.8 207.8 o0 -0 o0 .0 of .0 .0 o3 oG 207, 8
- 6.89 CENSITY «117 o117 «117 o117 «117 «117 117 o117 « 117 117 «117 117
@  6.89 MISS. H <971 «S714 «371 « 971 971 971 «271 271 .27 «971 Q7% . 871
60 6.89 RAQD SEP 7.050 7.050 7.0€0 7.087 1.25C 7,089 7T.0¢¢0 7050 T.r 0 7.95" 7.05¢ 7.081)
— 6.89 AZr SEP 1.£89 1.789 1.389 1.£89 1.7¢e2 1.CR9 1.089 1.78¢ 1.7a9 1.08° 1.7 8¢ 1.783

6.89 FR LANC 1.2499 1.06C +C0n o006 «NCN " L000 «000 «C00 - 000 «COC .000 1.002

- an CTYrl LT - s e -~ a e ~ o - A o~ . e e L e o o o L . o

2
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£.89  HSTATS 206,64 204.4 .0 o) on " .0 or .o o0 LT

7.50 CENSITY <105 <105 <105 «105 «10¢ «105 o103 »10°F 105 . 10° « 105 «10%
7.50 MISSe H <971 971 «171 «371 «371 « 971 »271 » €71 . 271 .71 271 .97
7.50 RAC SEP 7.70¢ 7.70¢% 7.70¢ 7.70°¢ 7.7G5 7.70¢ 7.70¢€ TL.70¢ 7.705 7.70¢ 7.71E 7.73%
7.60 - AZV SEF 1.195 1.185 te153 1.28¢ 1.16¢ 1.10¢% 1,10¢ 1.10¢ 1.10¢ 1.17¢ 1.10°F 1.10F%
7.5C FR LANC 1.000 <000 +«000 + 100 «000 «000 »N09 +0t0 « 000 . (00 «00 . 000
7.50 FIELOWT «00E 0.000 J.000 0,00 0.3¢00 t.300 0,000 0.(00 0.000 0.C08 C.L0C 7.000
7.50 HSTATS - SR.3 %] o e o) 2 W1 -9 0 o0 " .
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INSOLATICN AHRC SUN POSITICH

INSCLATTICN CALCULLATEC USING MRINEL MODEL

DAY OF THE YEAR =354,750 OFCLINATICH CF SUN (CEGI= =23.46 NATLY CLEAR SKY INSCLATICN (XWH/M
THE AVEPBGT GOPEECTICN TO CLEAR SKY INSCLATYICN TO ACCCUNT FQP CLCUCTNESS=
MM CF WATER= 20,00 ATMOSPHERIC PRESSUPE/SEA LEVEL= 1.000

TIME = 0.7 INSCLATIGRNIKW/MZ)= +RER8 TRUE 7ENITH ANGLE = SB8,4L (OASEPYEQ 7ENTTH=
TIME = 1.0 INSCLATICN(KW/M2)= «84L TRUE ZENTTH ANGLE = 60.1% CRASEPVED ZENTTH=
TIVE = 2.0 INSCLATICM(KW/M2)= «797 TRUF ZENTTH ANGLF = 66,99 CRSEQVED 7ENTTH=
TIME = 3.0 INSOLATIGN(KW/M2)= «€£27 TRUE ZENITH ANGLE = 72,35 OBSERVFL 2ENRTTH=
TIME = 3.3 INSCLATTCMlkuW/M2)= «EUB TRUF 7ENTTH ANGLE = 75,00 CPSERVEDR 7FNTTH=

2)=
R

SR.L1Y
€9.12
£4,96
72.29
7ol

DAY OF THE YEAE = 35,37¢ OFCLINATICN OF SUN (0FG)= =-1€,00 DAILY CLFAR SKY INSCULATION (kWH/¥2)=

THE AVERAGS CORRECTICN TO CLEAP SKY INSCLATICN TO ACCOUNT FOP CLCUNTNESS=

MM OF WATER= 20,00 ATMCSPHERIC PRESSUFE/SEA LEVEL= 1.000

TIME = 040 TINSCLATION(KW/MZ)= .898 TFUF ZENITH ANGLE = ©S1.09 OBSERVED ZENITH=
TIME = 1.0 INSCLATICN(kW/M2)= «B87 TRUE ZENITH ANGLE = 653.04 CRSERVED ZENITH=
TIME = 240 INSCLATION(KW/MZ)= «849 TEUF Z2ENITH ANGLE = 58.49 CB8SERVED 7ENTTH=
TIME = 3,0 INSOLATICN(KW/M2)= «772 TRPUF ZENTITH ANGLE = 66,57 O0BSERVET ZENITH=
TIME = 3.9 INSCLATTICN{kR/MZ)= «EL2 TRUE ZENITH ANGLE = 75,00 CBSERVER ZENTTH=
DAY CF THE YEAR = 81.000 OECLINATICN OF SUN (CEG)= «€5 DAILY CLEAR SKY INSCLATTCN (KWH/¥
THE AVERAGE CORRECTION TC CLSAR SKY INSOLATION TO ACCOUNT FO® CLOUDINEST=
MM OF WATER= 20,00 ATMOSPHERIC PRESSURE/SEA LEVEL= 1.000
TIME = (0.0 INSCLATICN(KW/M2)= «942 TRUE 2ENITH AMGLF = 34,35 OBSERPVEQ 7ENITH=
TIME = 1.0 INSCLATICN(K¥HW/M2)= «934 TRUE ZENITH BNGLE = 37.09 CBSEPVED ZENITH=
TIME = 2.0 INSCLATION(KW/M2)= «903 TRUE ZENITH ANGLE = 4,28 CPSERVED ZENTTH=
TIME = 3.0 INSCLATICN(KW/MZ)= +«880 TRUE ZENITH ANGLE = 54.15 OBRSEPVED Z7ENITH=
TIME = o0 INSCLATICN(KW/M2}= «TET? TRUE ZENITHK ANGLE = f£S.41 CBSEPVEC ZENTTH=
TIME = 4.8 INSCLATION(KW/M2)= 627 TRUE ZEMITH ANGLE = 75,00 OPSERVED 7ENITH=

.83p

51,07
£3,02
58,46
€€.53
7L, 94

2)=
« 830

4.3
37.(7
44,27
56,12
F£.28
T4.C0

DAY OF THE YEAR =126.625 CECLINATICN CF SUN (UEG)= 1€.72 DAILY CLEAR SKY INSCLATION (KWH/M2)=
«830N .

THE AVERAGE CORRECYION TO CLEAR SKY INSOLATION TO ACCOUNT FO° CLCUDINTSS=
MM OF WATERz 20,00 ATMCSPHERIC PRESSURE/SEA LEVEL= 1.000

TIME = 0.0 INSCLATICN(KW/M2)= «950 TRUE ZENITH BNGLE = 18,28 GCRASERVED ZENITH=
TIME = 1.0 INSOLATICGNI(KW/M2)= «9UL4 TRUE ZENITH ANGLE = 22,66 OBSEPVEC 7ENTTH=
TIME = 2.0 INSCLATICGN(KW/MZ)= «925 TRUE ZENITH ANGLE = 32,33 (BSERVEDR Z2ENITH=
TINE = 3.0 INSCLATICN(KkW/M2)= .889 TRUE ZENITH ANGLE = 43,96 O0BSERPVEC ZENITH=
TIME = 4.0 INSCLATICN(KW/M2)= «83%7 TRUE ZENITH ANGLE = FS€,13 OPBSECVED ZENTTH=
TIME = €.0 INSCLATICN(KW/M2)= «715 TEUF ZENITHF ANGLE = 658,47 CESERVEC 7ENTTH=
TIME = 6,5 INSCLATICN{KW/M2)= «£12 TRUE ZFNITH ANGLF = 7%,00 QPSEPVEN ZENT TH=

DAY OF THE YEAR =172.2%50 OCECLINATION OF SUN (CEG)= Z3.46 DAILY CLEAR SKY INSGLATICN (KWE/®
THE AVERAGE CORFECTICGN TC CLEAR SKY INSOLATION 70O ACCOUNT FCP CLOUCINESS=
MM OF WATE®S=z 20,00 ATMOSPHERIC PPESSURE/SEA LEVEL= 1.000

TIME = 0.0 INSCLATICN(KW/M2)= «Qu7 TFUF ZENITH ANGLE = 11.5€ C®oSECPVED 7ENTTH=
TIME = 1.6 TINSCLATICN{KkW/M2)= «3u41 TRUE ZENITH ANGLF = 17.42 NASERVYED 7ENTTH=
TIME = 2.0 INSCLAYICN(KW/N2)= «926 TRUF ZENITH ANGLF = 28,47 (RSERVEDT 7ENTTH=
TIME = 3.0 INSCLATICN(KW/M2)= «8S2 TOUF 7ENITH ANGLE = 40,57 CESERVEC ZENTTH=
TIME = GoL INSCLAVICN(KM/MZ2)= «878 TRUE ZENITH ANGLF = 62.85 C(PSERVEN 7ENTTHs
- e - - PR E L B TP A L srss BAANE P i P T YA PYTLIY AMPMf,I e o P Y e s 31 P il

18.27
22.¢5
2.8
43,9%
£he1l
£R.36
Thocl

£.2

e

SUN
SUN
SN
SUN
SUN

AZIMUTH
A7 TMUTH
AZTMUTH
A7 IEUTH
AT IHUTH

Fo 30

SUN
SUN
SUN
SUN
SUN

R.2

SUN
SUN
SUN
SUNM
SUN
SUN

q.%

SUN
SUN
SUN
SUN
SUN
SUN
SUN

AZIRPUTH
A7 TMUTH
A7IMUTH
A7 T®UTH
AZIPUTH

4

A7 IMUTH
AZTPUTH
AZIRUTH
A7 TFUTH
A7 IMUTH
AZTHUTH

€
>

AZ IHUTH
AZIMUTH
A7 IMUTH
AZI¥UTH
A7 I¥UTH
AZ IMUTH
A7 I¥UTH

2)= 16.0¢

0830

11.¢¢
17.42
28‘(‘7
LC.SH
£2.02

4 o~

<UN
SUN
SUN
SUN
SUN

PYRIY]

A7 TMUYTH
A7 THUTH
AZ2T“UTH
A7 IMUTH
A7TIMUTH

ATY AT W

O LI TR T T )

0"
15.8¢2
30.41
42.91
Lpe T

1. 70
18.17
Ju. 30
47.77
ET7.UE

.00
25.42
45,73
60. 70
T72.24
A0.03

0.00
40.0%
€3.38
77.29
A7.31
85,78

109.14
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TIME = S48 INSCLATICN(KW/MZ)= «E1E TEUF FENITE ANGLF = 76,08 NESFOVER ZENTTHz

YEARLY INSCLATICN (KWATT-HCUR/M¥D) - CLERZ SKY = 29Cz.t1 TI¥=S

HRS QPEFRATICN FER YEAR=z ,284T7E¢CH

WEATHIP FACTCO (F

« 83 GIVES

T AL SUM EF7INUTP

NET oF

TuCR.?
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YEARLY AVERAGE PEFFCRMANCE

PEPFOPMANCE FCR 125 MWE . SYSTEN

TOTAL FERFCRMANCE INCLUDES REFLECTIVITIES PUT NCT RADIATICN AND CONVECTICN {OSSES

RADTUS

«75
- 75
.75
«75
4

T .75

1.36€
1.36
1.3€
1426
1.6
1,26

1.98
1.98
1.98
1.98
1.98
1.98

COSINE
SPILL
ATTEN
SHAQOHW
BLCCK
TOTAL

COSINE
SPILL

ATTEN

SHADOW
BLCCK
TCTAL

CCSINE
SPILL

ATTEN
SHADOW

BLOCK
TcTaL

COS INE
SFILL
ATTEN

.SHADOW

eLoCK
TCTAL

"COSINE

SPILL
ATTEN
SHACCH
8L OCK
TCTAL

COSINE
SFILL
ATTEN
SHACOW
BLCCK

yovaL

AZIMUTHAL A
0930
-990
.969
«212

1.000
« 710

«31°¢
.997
«961
«920
«997
«702

.828
.295
951
930
+992
<€85

.88%
« 994
. 941
«951
.991
«E381

'876
293
«931
.q72
«991
«€310

.868
.992
.282
.993
675

PP

NGLE OF HELICSTAT, NOSTH=(T,

3‘.‘.
219
«968
%69
« 896

1.000
k73

<900
935
961
917
.298
685

.881

'ggk
951
.g'.q
<994
+€85

.867
.993
.9“1
.969
.992
WE79

.857
.292
$931
.e78
« 991

«E69°

. 849
.984
.21
.982
.292
57

EC.
«901
« 217
«969
.911

1.000

«€36

+869
«93932
«QEL
«924
«998
«666

<843
«992
. «951

T .93

«394
«649

«825
.987
<941
+959
+992
6 36

« 812
«97%
«931
«375
<991
821

0802
LY
-921
« 985
«992
.599

5.
«86R
.c.se

.99

« %14

14000
B2

1821
« 996
#CEL
. «930
«298
+£36

786
« 996
. = S51
«qL7
994
«F11

+TE3
992
o SU1
« CE6
« 291
« €96

oTHE
. 987
<231
«S76
G911
<80

«736
e C74
o921
L« C8A
«C91

FAST=9Q
1:C, 1=r,
<835 .819
.G21 .797
«9€9. «9F9
NCTAL) <962
1.0€0 1,000
JE11 .519
T4 oTUT
«992 « 9LG
W CEY « 961
TN .953
.c97 .998
oF OF o564
o723 .701
992 « 952
K11 ,951
«956 . 9€S5
.90z .992 -
573 531
«7CE JET2
.989 .32
«901 TR
ST 978
«390 «988
.5E1 <495
.5 ER <652
.879 <AL
.93 .931
279  ,983
+989 . 986
.39 459
BTE  FLLOD
«359  0.009
921 921
o ClL .09
.9¢0°  n.roc
o507  0.000
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Ooowmoo
U1 AVt

4,62
PN
bol3

Loh3 -

P
o
(N

n
.

[~
o0

S .6E
5.686
.6E
.66
S .6E

€.27

€.27
€.27
€.27

€.27 .

€.27

€.89
6,89
€.89
f.89
6.89
£ .89

. 7.50
7.50

7.50
7.50
7.50
7.50

SFILL
ATTEN
SHADGH
fLCcCK
TOTAL

COSINE
SFILL
ATTEN
SHANOW
BLOCK

ToTAL

COSINE
SFILL

ATTEN
SHACOW
BLOCK
TOTAL

COSINE
SPILL
ATTEN
SHACCH
BLCCK
TOTAL

COSINE
SFPILL
ATTEN

SHEDOW

BLCCK
TCTAL

COSINE
SPILL
ATTEN.

- SHAOCH

BLGCK
TOTAL

«S87
+311
*98E
924
«EEL

«858
«G74
«902
+«987

Q96
«EL7

«855
«349

.892.

«988
«998
«622

«852

o914

-883

989
g¢cs

L

«592

«850
. 869

«874

+ 989
1.000

«557

<848
.820

«865

»9930
1.000
«519

278
«911
«23E
« 294
€42

239
«255
«202
«289

995

«£20

+835
921
<892
«991
«397
«%91

«832
.876
«883
«992
« 298
«€56

830
825
«B74
+993
«999
«S18

0.000
0.000

-+ 865

G.009
¢.000
0.000

«313
« 911
-«992
«923
«CE9

- 789

« 262
Igcz
«995
«394

«%29

«785

«301°

«392
«395
4 A5

0.300
0.000

.383
0.000
9098
0.000

G530

el 00 -

«87G
0.000
0.000

" 0.0G0

0.000
0.000°

. 865
0.000
0,000
0.0090

«C1LY
«992
.99

ETC

. 724
«CL7
.92
«938%
© 099t
.En8

<715
« 855

.« 822

€387
€95
ut2

‘g.00¢

0.0D0

«833
0.C7Q
G.02M0

0.000

0.009
0.012

S878
0.0D09
0.%00

- 0.600

"0.009

« 8E5

f.€02

0.C0N
0.€02

.52
.91t
.989

cc

LR 9

o479

n.100-

g.560

«CE2
0.000
0,000
g.200

(000

f.12680

Yt

109
€.009

"0.00)

.00
0.003

+883:

3.909
9.30L
.90)

7.309
g.7¢C0

BTG
0.00D
€.500
0.907

0.008
0.292

«8€3
0.000
¢.c0p
0.008

002
. 211

"0.000

c.00%
ﬂ.nca

f.00C

.0.000

.902
0.009
5.000
2.91¢

n.ooo

J.600

«892
c.019
0.000
0.000

0.000
0.009

+«883
0.090
8.1700
0.000

T.009
7,090

A7
0.000
0.000
£.110

0,000
0.000

-+ 865
‘0.000

0.000
t.003

T.00°

«9:1
N.010
f7.03n
0.89¢C

0.%60
N.130

«3132
0.073¢
0.03¢0
.00

0.0190
1.030

«832
0.0)90

0.030
0.030

883
0.030
f.910¢
0.090

0.030
0.000

o874
0.000 -
0.0D00

- f.0D0

0.000
s.000

«8B5
0.000
0.000
2.000
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PERFCPMANCE SUMMARY FPCM USER DEFIANED FIELD

CPTICAL EFFICIENCY

TOTAL EFFICIENCY INCLUCES QEFLECTIVITIES, WELICSTAT = .89 RECEIVER = . 9AQ
CAY . HouP COSINE  SHADCH BLCCK ATM.TRANS. SFILLAGE . TOTAL
© 354,75 0.0¢C .810- .979 .299 <924 .9u3g 606
364,75 1.00 .805 .972 .999 - .92t - .ou8 .597
356,75 .0 790 .97 .299 .23 .97 .SEE
354,75 3.0¢ . 764 856 .997  .922 <363 495
354,75 3.31 . .75% .809 .996 .922 <962 LuR1
354,75  AVERAGE .792 . .918 .08 .923 .7 ".566
35.38 n.0¢ - .820 . 996 .936 .925 950 622
35.38 1.00 .81 .992 .297 .9z¢ \950 . LE97
35.38 2.00  .798 .980 .299 .G25 .99 .598
35,38 3.00 .72 .928 .ec8 .sz € 545
35.38 3.86 J742 .793 .997 922 T A
36,38 AVERAGE .795 .959 .997 L9264 Y .ca1
. 81.00 0.00 .832 1.00¢ .88 . 92¢ .952 (€32
814390 1.00 - .826 1.00¢ .998 LQZE .952 <629
81.00 2.0¢ .810 .99¢ .993 . 926 .951 CE17
81. 00 3.00 .782 .991 .997 .26 <349 .593
84.00 4.00 746 .942 .9¢8 .925 .36 .515
81.07 4,80 o711 .799 . .997 .92 . 963 LLan
81.00  AVERAGE .79 .978 .994 . .92€ - 950 .591
126.63 0.00 .832 1.000 .988 ©.927 .954 613
12€.€2 1,00 .826 1.00¢ .986 .227 .953 L€28
126.€3 2.00 .810  1.000 .988 .e27 .952 (€16 -
12€.€3 3.00 .784 .393 .933 .927 .951 T
12€.63 .  4.00 .749 .985 7 _gqg .927 .39 .5E5
126,63 s.0¢ _  .707 .892 .998 - .92¢ <96 681
176,63 S.5¢4 .682 .80%2 .97 . 925 PN 415
126.63  AVERAGE 784 .38 .991 .az? <351 .585
172, 2¢ 0.0¢ - .828 1.00¢ .292 .927 . 954 624
172.25 1.0¢ .823 1.0¢0 .988 <927, . 954 627
172.25 2.00 .807 1,000 .986 927 .953 613
172.28 3.0 762 .999 © .991 . 027 . 951 .59
172.25 4.00 749 .992 .997 .027 950 .5€9-
172,25 5.0 .709 <941 .998 .97€ Lo ? 519
172.25 5. 84 671 ".803 .996 .225 S5 409
172.25  AVERAGE 777 .983 .92 .e27 .951 .583
YEARLY AVEPAGE .788 .972 .99 .CZ6 950 .58



a
88-4

9 @ .0 @& & 6 6 o6 &6 o o ¢ o o -~

S J

----- DFSIGN POINT -=----
0AY= 81,00 "IME= 0.00 IASCLATICN = ,950 Kd/M2
GRCSS PONWER CNTO RECEIVER ‘ : €20.768 YH-TH
REFLECTIVITY LESS ' 104615 MU-TH
RACIATICN/CONVECTION LCSS 20.152 MM-TH
PIPING LOSSES ’ 2. £ MN-TH
THERMAL PCHER ~CWER BASE 487,550 YK-TH
POWER TC STCRAGE ) 162,517 MK-TH
POWER TO TURBINE 325,033 MK-TH
THERM, TO ELEC. EFF, . 820
GROSS ELECTRIC PCWER : 126,516 MK-EL
ELECTRICAL. PARASITICS 8e873 MK=EL
NET ELECTRIC PEWER A 127,641 MW-EL
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ANNUAL PCWER PRCCUGTICA FRCM USER TCEFINEN. FTELD

ALL POWERS ARE IN MEGAWATT-THERQMAL GR MEGAWATT ELFCTRIC

INSCLATICN UNTTS ARE KILOWATTS/SQ.METER

THE STORAGE POWER MAS A NEGATIVE SIGN WHEN CHMARGINE ANC A POSITIVE STIGN WHEN DISCHACGING

THE CPYIMUM STCRAGE CAPACITY TS APPFRCXIPATELY 1.00 VIMES THE HAXIMUM SIZE :
TOTAL CAPITAL COSY = 22R.,23{MFNUFIENT ¢%)
= 171,52 FTILLS/KNPR (CURSENT )

TOTAL CAPITAL COST

= 228.,29(ME,1ST YR CPEFRATICMN)

LEVELYZED ENERGY COST = 1C1.52 MILLS/KHHR

CAY
IEL, 75
354,78
354,75
ICL,.75
3CL.75
354,75
354475
354,75
354,75
3CL,.75
JEu,7¢
354,75
8L ,75
254475
354,75
I5L.T5
L, 7%
354475
3EL.T5
KT 4
24,75
L, TS5
354475
35,175
354475
354,75
RE-TY 41
354,75
254475

35.38
38.38
35.38
3.38
35.38
3c.38
3%.38
25,38
35.38
35.38
32.38
35.38
35.38
35.38
35.338
15.38

- L Y )

HCUR
~3.250

-3.000

=2.75%0
=2.500
-2.250
-2.000
-1.75¢0
-1.%69
-1.2%0
-1.000
~«750
-«5(0
‘0250
0.000
« 250
«S0d

« 70
1.000
1.2€0
1.00
1.750
2060
2.2%0
2.500
2.750
3.10¢00
3.250
3.307
4.090

-3.750
=3..500
-3.2¢%0
-3.0¢C0
“2.750
-2.%00
-2.250
-2.0C0
-1.7%0
-1.500
-1.250
-1.93C0

~.7EN

-.500

-¢2510

0.0200

~“en

© . INSOL.

« €57
«€97
. 722
« 747
772
o727
-« 809
. 821
«832
L
847
«851
L] 85‘0
«858
* 850
. 851
. 847
. 840
« 832
« 821
.8(8
« 797
o772
747
o722
«£97
« €57
848 -
0.0¢0

'659
+ €97
.73“
« 772

791

«811
830
« 869
. 859
L 858
<877
-~ 887
« 8%y
« 882
.aqs
. 2898

o e

FEC. PHR.
260.882
293.12°¢
114,272
23€. 362
359.09¢
282.573
393,777
405,167
416.671
4284360
431. €94
43,061
438.4C0
441,773
432,400
435,061
431.694
428.3610
L1E.BT1
4054143
393.777
182.573

-359.09¢

33€.3€2
114,372
293.12¢
260,882
253.73¢

g.000

2554850
2R7.799
121.522
257,319
375.125
393,363
412.03¢4
431.138
4394415
467,769
4EE,L,200
LEL,T7CA
LET. 212
469,724
472,242
W7L,TEE

g Wy mg -

THR ., PHR.

238.079
270.322
291 .5€¢
313.5¢€0
336.293
359,770
370.975
382.341
393.868
405.5%8
ug8.891
412.238
415.598
418,970
415.598
4312.228
4tCR.891
405.c58
393.8¢€8
382,341

370.275 -

359.770
336.293
313.5¢€0
291.5€9
27%9.322

238.079 .

230.932
c.300

233.047
2€4 ,9C¢
298,819
334,517
352.322
310.561
189,222

‘408,336

416.6513
426,987
433.3¢8
441,995
4L, 010

446,921

449,639
451,973

T e s N s

LEVELIZFC ENERGY CCSY

STDC P“R.

0.000
c.000
g.1¢0
t.2¢Cn
11.2€0
34,737

4c.%41

57.%¢7
58.835
BC.%24
AY.E58
87.20%
20 .S€EL
93.937
3C.C€L
87.2L%
83.3¢%8
8C.524
€8 .A3¢
57.307
45,941
11.2¢€0
11,476
-3, 4¢EL
-54.711
-8€,9c4
-9t,.101
325.133

0.nco
C.N¢0
0.0¢2

. LgT.

?1.289
45,527
ft,198
B3.%¢2
91.£79
99,933
1JA. e
11€.872
11,377
121,888

S12u.608

12F.930

LR
R

HR, STR,
0. 000
0.000
g8.900

«002
. 020
<051
. 091
«139
197
326
« 334
<465
+S3E
<600
« €70
«733
«791
«839
«879
«9180
928
923
«90€
«872
817
. 801
n.080

0.000°
0,000
0.001
<001
. 015
«NG3
«086
L] 1h2
«209
283
« 353
.'.EE
o561
l533
728
«A2F

o~y A

TURA,: PWP,
238,07¢
270.322
291.5€¢°
312, €0
32€.033
22¢.033
325.03%2
32€.032
325.033
32¢€.033
32%.027
325.022
32%.033
325.033
3254033
32¢.032
12¢.032
325.033
32%.033
325.0 23
12¢€.023
325.033
325.033
22€.1332
325.03%2
32%.033
32€.033
325.022
325.C€33

233,007
264,995
298,819
12€.033
325,033
325,032
126,913
225,032
325,033
325.033
325,032
25,032
325,033
32¢,033

1325.033 .
TL328.033

Y em AW

GPCSS EL,

<4 .99
107.859
115,3T€
125,110
136,514
136,514
136,514
126,514
138,514
136,516
176,514
136,514
136,594
136,514
136,514
136,516
1%6.51¢
136,516
136.514
176.514
136.514
136,514
136,510
13F.514
136,510
136,544
136,510
13R,54
133,352

92.936
105.734

. 119,229

136,510
136.F548L
13F.C10
136,514
176,514
136.514
13E.5%14
1514
176,514
121F.5%16
136,514
1.514
1/, 01
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THE DI§PATCH STRATEGY FCP STOSAGE IS TO RUN THE TURPINE AT ITS DESIGN PCINT POWED WHENEVES POSSIALE

EL. FoP,
15.67¢
17.571
18.9¢2
20.381
21,127
21.127
21,127
21.127
21.127
21,127
21.127
21.127
21,127
21.127
21.427
21,127
21.127
21.127
21,127
21.127
21.127
21,127
21,127
3,071
3,671
25,071
2,071
38,071
€.721

1€.1L38
17.22%
1¢.627
21.127
21.127
21.127
21.127
21.127
21.127
21.127
2t.127
21.127
21.127
21.127
21.127
21.127

AL s N

NET ZL.
79,E 14
90,288
o7, 184

104,729

115,387

115,387

115,387

115,387

115,387

115,387

o15.387

115.387
115.387
115.387
11%.387
11€.387
115.387
115.337
115.387
115.387
115.387°
115,387
115.387
104,443
121,443
101643
101,443
101. 463
127. €41

77.838
88.€08
9.8 ¢&
115.387

.115.387

115.387
115.387
115. 387
115.387
115.387
115,287
115,387
115.387
115,387
115. 387
115,387
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15.38 «5019 . 892 LE9, 724 Lug.221 121,424 1. 016 225.N37 13R, 514 21.127 11%. 347

35.314 » 750 « 8S0 LETL213 LLb 410 119,377 1.109 32%.03: 136,514 21.127 115,387 o
35.38 1.000 «AAT7 LHL,T7CP L4l .205 116,872 1.290 125.732 1Y .510 21.127 115. 3487

3,28 1,250 . 877 LSEL 27 t33.398 108.2€6 1,286 22¢%.633 176,516 21.127 115, 287

3538 1.5€9 +RER “ur.7€¢ t26,9€7 9a,c832 1.3R6 325.037 12,514 71.121 11%. 187 .
35.38 1.759 +«8€9 b32%.41° Li16.F13 91,579 {1.640 2%.033 136,516 21.127 115,387

35.34 2.000 « 849 L3t.138 408.33€ 83.3C2 1.507 22¢.0132 126.514 21.127 115,287

35.38 2.2%0 830 612.03¢4 89,232 6t.1¢8 1,560 325.027 13€.514 21.227 115,387 [
36,38 2.SL¢ + 811 393,362 3TL.561 4S.527 1.60€ 325.032 1364514 21.127 115.3¢87

35.38 2.750 «791 375.12¢% 3€2.322 27.2¢€9 1. 34 325,033 13h.514 21.127 11%. 387

35.38 3.009 o772 357.31¢ 33u.517 9Q,LE3 1.€68 32€.032 1l€.%1¢4 21.127 115,387 L
3538 3.2%0 « 7306 121.622 298.819 ~2€.214 1.638 32€.033 13E.514 .07 101, 443

2c,.38 .5 +€97 287.79¢ 2€4 .9CE -€1,n27 1.€E0¢ 12¢,023 13F.514 .71 1014463

35.38 3.750 «659 ' 255.850 233.047 ~-91.98k 1.5647 325.033 135.514 3,071 101,663 .
35.38 3.8€3 s €EL2 262,068 219,.,2¢€6 -105,.7€8 1.512 228.03% 136,514 3¢.071 101,443

35,38 5340 0.0CO 0.003 0.000 32,0233 0.000 32,023 13X.3€2 S.721 127.€41 ‘
R1.00 ~4.750 + €36 23€.343 213.501 0.CCD 0.000 213.5461 RS.203 13.880 T1.323

81.00 -4,500 «680 ZT1.41E 268,613 t.0C0 0,000 2LAL,E13 99,197 16.1€0 £3.07Y7 .
81.00 “4.,2¢%0 RAL J0e.918 286.107 0.008 .09 28€.1807 114,157 18,£97 CELFEY

81.00 ~4,0(9 .« TE€7 Jug.82° 32¢.023 389 <000 32%.033 136,510 21.121 815.397

81.00 =3.750 «790 368,984 346.181 21.148 «0N9 325.033 136,514 21.127 11,387 o
81.00 -3.€00 «813 3gc.707 366,905 41.871 «033 32£.033 135.514 21.127 115,387

A1.00 -3.2%0 « 836 410.99¢% 388,192 62.159 «073 32%5.032 136.514 21.127 115.387

81.30 -2.000 « 8EQ 432.847 u10.045 8. 011 «130 325.0233 1%6.514 21.127 115,387 ®
81.00 ~2.7%0 «872 443,502 42n.€59 95.hES «200 3254033 136.514 21.1217 11%. 387

81.00 =2.500 « 8804 454,282 631.479 10€, 463 277 325.033 136,514 21.127 115,387 .
81.00 -2.2%0 « 897 46,187 Lu2.384 117.351 «3R3 325.032 136,514 21.127 115.387

81.00 -2.000 «909 L7€.217 453.415 128,381 +LSA 325,033 136.514 21.127 115.387

81.00 ~1.75C «916 481.85¢€ 459.053 134.6G20 «559 325,033 - 1364514 21.127 115.387 ®
81.00 -1.500 «922 487,.,52¢ LEL.T24 13<.€98 +660 32%.033 136,514 21.127 115,387

81.00 -1.2%0 «228 493,229 L70,42¢ 145,393 o774 2¢,033 136.514 21.127 1:2.387

81.00 -1.0C0 « 934 498,964 476.1€E1 151.128 888 325.033 136.514 21.127 125,387 PY
81.00 -« 756 « 936 500.773 477.97% 152.937 1.00% 32¢.032 13€.%10 21.127 1:5.,387

82.03 =530 «938 502.58€ 479,784 154,150 1.123 32€.033 136.514 21.127 1:15.387

81.00 -.2%8 « 40 E04 403 4B81.€6C0 166, C€ET 1,243 325.033 136.514 21,127 115.387 P
81.00 c.000 «942 £0€.222 LA3.418 158.18% 1.364 22%5.0712 136.514 21.127 115,387

81.09 «250 .« 940 €04 L0 48t .6C0 166,CET 1,485 325.01313 126,516 21.127 145.387

81.0C «5C0 938 £02.58¢€ Lr793.7¢84 154,750 1.€605 325.032 13€.514 21.127 115.387 ®
81.00 «750 «336 500.773 477.971 152,937 1,723 325.033 136.518 21,127 115,387

81.00 1.0¢C0 e 934 498,364 uTe.1€1 151.12¢# 1.840 325.933 13R.514 21.127 115,387

81.00 1.250 «928. 493,229 470.426 145,3¢? 1.954 32c.032 136.514 21.1217 115.387

81.03 1.500 « €22 4B87.,52¢ 4b4H,724 139.€9¢ 2.064 325.022 13E.514 21.127 115.387 ®
81.010 1.750 . «916 481.,85¢ 459.053 134.020 2.169 325.033 136,514 21.127 115,387

81,00 2.0800 «9(9 W7€,217 4¢3 .415 128.381 24270 32¢€.032 136.516 21.127 115.387 P
81.00 2.2%0 « 887 465.187 442 .3846 117.254 2. 364 325.032 136.510 21.127 115,387

81.00 2.562 . E86 456,282 431,479 10€ . 44E 2.650 J2¢.032 136.514 21.127 115,387

81.CC 2.750 «872 4L3.502 420.699 95,6 €6 2.528 325.033 136,514 21.127 116,387

81.00 3.0C0 «8€0 432,847 410,048 8t.011 2.598 3254033 136,514 21.127 115.387 L4
81,00 3.2¢%0 <836 410,99¢ 388,192 63.1%9 24655 32%.0132 126.514 21.127 11%, 387

81.00 1.500 «813 389,707 JEEL 205 L1.87L 2.€95 325.933 136,514 21.127 115,387 PY
81.00 3.750 « 7€ 168. 984 Jue.181 21.148 2.719 J2%.033 138.514 21.127 115.387

81,00 L.000 « TET 348,825 326.023 +389 2.728 32€.032 136.514 214127 11,387

81.00 4,250 o T24 308.910 286.107 ~384926 2.713 125,033 136.%14 Ic.C72 191,443

81.00 4.500 + €80 71418 2u8.613 =TEL 20 2,668 325,22 1IF,.F1L 2C.C7E 102,443 e
81.320 44750 «€36 23€.362 213.541 -111.697 2+.59€ 325.0232 136.514 3c.071 101,443

81.00 L.80C4 « 627 229.072 20€.2£9 =11 6. 7€L 2.577 325,033 13h.51¢ 35.071 101.4L3 -~
81.00 7.322 0.0¢0 0.000 0.000 32%.023 0.000 32F.033 133,362 F.721 127.641 ’
12€.63 -5.%(0 «€29 221.30¢ 198.€03 G.280 g.000 198.502 79,203 12.°03 €2.3°0C0 ’
126463 -5.2510 EET 2554355 232 .553 0.000 0.000 232.553 Q2,789 1.11€ 77.673

126463 ~5.0(0 715 291,838 2€69.036 (.000" 0,000 28Q,03F 107,388 17.6.87 82.858 oy
126.63 =44 750 o T4 316.50°9 292.70¢ 8.200 3. 0n0 293.70¢ 117,189 19.r91¢ 94,798

1%2¢€ £ alao L 274 W 47 4 Q 74 F LY L] D58 s | 40  32f 4297 LN 20  7¢¢ __40F _F 24 .
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12€.63 -4.2%0 « 790 Jse.84L2 J4E.0LD 21.006 «f0E. 37€.03% 13510 214127 115,397
126.63 ~4,0C0 .827 39€.50F 373,703 GEHTN .033 12¢%.033 11,514 21.127 115,387
12€.€3 -3.750 o842 u0c.867 337.064 62.031 «N7E 325.033 13r.514 21.227 115,387
12¢.€7Y ~3.5(C2 LA L23.56¢E 400.EL3 7TC.618 .129 32%.97%7 136.510 71.127 115. 3147
12€.€613 -3.2€3 «8712 L37.242 USRI Y 89 .407 + 122 325.033 136,514 21.127 11€.387
12€.F3 -3.000 «£89 451427 42B.4€¢ 103,621 «26€ 32€.033 13€.514 21.127 115,327
126.€3 =2.7%0 . 298 459,339 43€.53¢ 111.503 «3u9 125.032 116.%14 21,127 115,387
12€.€7 -2.500 « 907 467,493 446 ,ERT 119.FEL <438 32€.023 1?.510 21,127 115.387
126.613 -2e250 «216 u7c.712 4%2.999 127.876 « 532 32€.033 126514 21.1217 115.387
126463 -2.000 «9325 484.004 461.201 13 6. 1€9 «63% 325.033 135.514 21.127 1156.347
12€.€3 =1.7%0 »930 488.86¢€ 46E . 054 1641.0290 oTh Y 325.033 13e.€614 21.127 115.387
12€.€3 -1.56G0 « 924 493,732 470.920 145.8¢%6 « 852 325.033 13h .50 21.127 115,387
12€.€3 -1.259 .239 498,632 475.6830 1€0.797 «QEE 22%.733 13E.514 21.121 11€.387
12€.67 -1.903 «9ub 503.567 u8D.755 158.721 1.083 375,032 135,514 21.127 115,387
12€.€3 -.750 . CUS 50%.372 482.570 157.536 1.206 12,033 136514 21,127 115,387
12€.€3 -«% 00 «90L7 507.190 LB8u.387 159. 3¢50 1.32¢€ 325.032 1¥%.%14 21.127 115,387
12€.R2 -«250 248 519,011 L8€.209 161.175 1.4L9 125.93* 13€.510 21.127 115.387
12€.62 0.0C0 « 9N £10.83€ 688.033 162.900 1.574 225,013 13€.51 4 21.127 115,387
12€.E3 »2510 «948 509.011 48€.,209 161.175% 1.698 32%.033 136,516 21.127 115.387
12€.€3 «500 e 9047 507.190 LAL.387 159.3¢54 1.822 325,032 12€.514 21.127 115,387
12€.€63 « 750 « 945 505.372 482.€79 157.53¢ 1, 944 32¢.013 136.514 21.127 115. 387
12€.€3 1.00¢C . 2404 €03.557 480.755 155.72¢ 2.064 22€.033 136,514 21.127 115.387
12€.€3 1.250 +»939 498,633 475,830 150.797 2,182 32%.032 13R.514 21.127 11%.387
12€.63 1.200 230 493,732 470.930 145,896 2.29¢€ 325,033 126.514 21.127 11S.287
12€.63 1.750 «933 488.85¢ 46€.054 141.720 2. L0E 32%.033 13f.S1L 21.127 115.387
12€. €3 2.0C0 «S25 L84, 0G4 LE1.201 136.1€8 2.512 32¢€.0132 136.514 21.121 115,387
126.€3 2.2%0 «91€E 475.712 452.909 127.876 2.615 325.033 136h.514 21.127 116,387
126, £3 2500 07 467,690 LLt ,EBT 11¢. €56 2.T10 32€.033 136.%14 21.127 115,387
12€.€3 2.750 .898 659,339 43€.536 111,502 2.799 325.0132 136.514 21.127 115,387
126.€3 3.8€0 « 889 451,257 428,455 103.0621 2.881 325.032 . 136.514 21.127 115.387
12€.€2 3.2¢€0 «873 437.243 41b. 440 LATLY 14 2.955 32€.033 13€.514 21.127 115.3¢87
12€E.€3 3.500  .858 623 L4LE L0D.E63 75.610 3.019 325.033 136.514 21.127 11,387
12€.63 3.750 <842 409.867 387.064 67.031 3.072 32€.033 136.%14 21.127 115.387
126.€3 4.000 .827 39€.50€ 373.703 WE.H7N 3.116 325.033 16,518 21.127 115,387
12€.E3 L.2%0 «7¢9 368.842 346,000 21.9C6 3. 161 32%.032 136.5104 21.127 115.387
126.63 4.500 o771 Ju2.17¢ 319.374 -5.6E0 3.13¢ 325.033 136.514 35.071 101,443
12€.€3 4.750 «7L3 31€.50¢9 293.70€ -31.327 3.12¢ 325,033 136.514 3c.071 101. 443
12€.€3 5.000 715 291.838 269.036 -55.¢97 3.091 325.033 130.514 2c.071 101. 443
12€. €3 5.250 +EE7 2554355 232.553 -3Z.481 3.034 - 32%.033 136,514 Jc.C71 101. 463
126.€3 S.S00 « €20 221.30¢€ 198,503 -126.530 2.950 325.012 136.514 3%.071 102 443
126463 548642 ~ L€12 215,772 192.970 -132.0€% 24933 325.033 136 .514 3c.071 101. 443
126.,€3 8.u08 6.000 0.000 0.008 325.023 g.000 32€.033 123.2€2 Ce721 127,641
172.2¢ -5.7¢5¢8 .€21 222.028 199.226 t.n00 9.000 199,22¢ 7o, 491 12.950 EE, S UL
172.25 ~5.500 +€EE3 253,545 230.743 . 000 o0.000 230.7463 92.N€E6 14,998 77.0€R
172.2°¢ -5.250 o TCH 287.151 2€4, 349 0.1C0 0.000 264e3 40 105.47¢ 17.183 88,292
172.2¢% -5.000 e 7UB 322.847 300.044 ¢.000 g.c00 100.000 119.718 19.€03 100.215
172.25 -4.750 « 7€9 42.466 319.6€3 g.000 0.000 319.€63 127 .,56€ 20.77¢8 10€.7 €7
172.2¢ -4.500 . 792 3J62.663 339.860 16.R27 004 32,033 136,514 21.127 115,387
172.2¢ -4.250 «815 383,437 3€0.€3¢ 3€.602 « 024 325,033 136.514 21.127 11€.387
172.25 -4.000 «838 404. 791 381 .988 56.955 «059 I2%.033 136.514 21.127 115,367
172.2°¢ -3.750 . «852 41€,.289 3a93.486 68.4E3 «107 125,032 17€.516 21.127 11,387
172.25 -3.,500 «8ES 427,945 405.143 80.109 « 165 325.033 136,510 21.127 115.387
172,25 -3.2%0 «879 439,75¢ 416,957 91.923 «231 325,032 13E.514 21.127 115.387
172.2¢ =3.000 +«892 451.731 428,929 102.8¢¢ «30€ 32C.032 1?h.514 21.127 11€.387
172.2% -2.750 «2C0 u52,05¢€ 43E.252 111.22¢ «389 325.032 136.518 21.127 11%5.387
172.25 -2.500 «908 46E. 439 443 ,€3€ 118.£03 u77 325.033 136,510 21.127 11€.387
172.2¢ -2.250 «916 473.88¢ 451.077 126,040 «E71 32€.033 136,514 21.1217 115,347
172.2°¢ -2.0C0 «224 481.37¢ 458.577 ©133.543 «671 I26.072 16.514 21.1217 115,287
172425 -1.7¢0 .« 928 486439¢ 463.5C3 133.L€Q «77€ 325,037 136, F1L 21.127 115.387
172.2% -1.5(0 «233 491,257 L6EB.USG 1,021 «8RL 125,032 136,514 o 21.127 115.387
172.2°% -1.2%0 . 237 496.233 Lr3.u30 148,397 * 99F 325,033 136.514% 21.127 115.3A7
172.2¢ -1.000 « 941 501,234 478,431 153.3¢98 1,112 22€.032 13€.514 21.127 11¢.387
172.2¢ =750 « 943 503.307 480.504 15S.471 1,234 225.033 13,514 21.127 115,347
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)

~.250
0.0C0

«2¢0

500

«750
1.0C0
1.2%0
1.5C0
1.7%0
2.0C0
2.2¢%0
2.500
2.7¢%¢
3.0C0
3.250
2.5C0
3.7€9
4.000
4.2%0
4,500
4.750

€.0C0

5.250
5.500
5.750
C.8404
8.734

« 345
« QL7
245
.C“‘“
- 243
«Cl1
« 9337
«9332
«828
« 9204
« %1€
.9(8
<21
892
<879
-« 8ES
- 852
. 838
« 815
« 792
+7€9
« TUE
«7C4
«EE3
.Ez1
«€EL6

0.CCO

CO0TLEE
502,5¢1
SCTLUEFE
505384
€02.307
S01.23¢%
496,232
491,257
LRELI0C
LR1.,379
473.8810
4664429
459,35¢

451,731

439,7€¢
427,945
416,289
404,791
383,438
1624663
I62,LEE
122,847
287,151
253,545
222,028
21£.689

0.000

L3G.,ERT
U3E,TLE
435,ERT
432.58¢
4LaNn.s0u
478,421
473,630
LEB.LEL
4€3,503
458.577
4¢1.0?7
L43.636
436,252
8,229
L1E.357
405,16
223 ,48E
381,988
3ECLE3E
339.8F0
319.6€3
2A0.044
2€64.349
23n. 7463
1€9.226
187.837

0.000

159.€30
161,71°¢
16¢,¢63n
157.548
155,471
153,2¢8
148,%C7
143,421
131.6€9
133,543
126 .044
11 €.€03
111.229
103.89%
21,923
80.109
B 1skt3
56 . G€S
35,602
0.300
-£.370
-24,989
-60.F8F
-84 ,291
-125.298
=137.147
325,033

1,677
1.€97
1,721
1.843
2.082
2.198
2. 310
2.0418
2.523
2.£2%
2.717
2.80%

"2.8R8

2.963
3.Nn38
3.087
3.13%
3.171¢
3.187
2.18¢
3.173
3.1060
3.080

2. 99€ .

2.958
0.0DO

326.1023
32%.0123
I2%.42%
J2c.n12
12%.032
I2%.012
325.0:23
12,037
125.037
325.032
32€.022
325,033
32%.033
325,033
32%.033
2,032
32%5.032
32%.03%
32%.023
32¢.03*
328,032
325.033
325.033
2¢€.032
325.013
32%.033
325.033

136, F n
136,51
12,9514
13,516
136.‘1“
13R.51u
136,518
13€6.518
126,518
126,.51%
1% .51
178 ,.51¢
116.51¢
136,.51¢
12 ,.51¢L
136,510
136.51¢
136.51¢C
136,.851¢C
126.514
13R.ELL
126,514
13¢.€14
136,54t
126,514
138.5%4
133,3¢2

2lelc?
20,127
21.121
214127
21.127
21.127
21,227
21.127
21,127
214127
21.12?
21,127
21127
21.127
21.127
21.427
21.127
21.127
21.127
21.127

Ic.C71

3,071
3,071
3€, 0671
3E, 071
3£.071
e, 721

11S.3R7
11%. 387
11. 347

‘115, 287

115.387
115.327
115,307
115,287
115.387
115,387
115,387
115,387
115,387
115,387
115. 387
115,397
115,387
101, 463
101,443
101,463
101,443
101,463
101,463

127.6061
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YEARPLY AVERAGE PEPF(ORMANCF

YEARLY INSOLATIGN
GPCSS FNERGY ONTO RECE IVER
REFLECTIVITY (CSS
RADIATICN/CCNVECTION LCSS
PIPING LCSSES
THERMAL EMERGY AT TOWER BASE
ENERGY TC STQRAGE
PCUNC TRIP EFF,
ENERGY [ISCARDEC
ENERGY T0 TURRINE FROM RECEIVER
ENERGY TN TURRINE FRCM STCPAGE
THERM, TO ELEC. EFF.
GRCSS ELECTRIC ENERGY
ELECTRICAL PARASITICS

NET ELECTFICAL PRCDUCTICN

2608, 72¢
1217590.73¢
243%1.81¢
G7270.€52
75424032
112832€.23¢
23555%.0¢¢
1.000 °
181.011
892771.180
235374 040
«399
450129,94¢
30629.11€

439540.62¢€

KW=HQ /M2

MH-TH
MK-TH
MH-TH
MW-TH
Mk-TH
MH=TH

MH-TH

MK=TH
MKR=-T¢

MR-EL
MW-EL

MH-EL

HFE
HER
He
HR
HE
HR

HE

HE
kQ

HR
KR

[
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THE FLUY IS CELCULATEC FOR Chv=

HT (M)

20.030
13.750
7.500
1.25¢0
-5.000

EZIMUTH OF NORVMAL (180 =

135.000

«235E+02
«ECB8E+02
«322E¢03
«23TE+03
«200E+D2

1£7.500

«2€7E+D2
+BEBESN2
«S525E¢03
«L1SE+D]
«276ERQ2

FLUX CALCULATICA

- UNITS CF FLUX ARE KILOWATT/SG. METEF

81.00 HOUR=

NORTH ZACTNG)

180.000 282.5(3
©29BE¢82 J2ETE L2
.898E+P2 L BEBES[2
+531E+83 .525E¢(3
JU30E403 (G SEeDT
J3LTESD2

«2T4F+ L2

0.00 INSCLATION=

2¢5.1000

«23CE+D2
«E 88T 42
«322€%03
«237€903
«200ER02

«950 KW/¥2

[ S



Problem Statement

The example of the CESA-1 system discussed in Chapter VII and Reference
33 is used here to illustrate the input and output of the IUSERF=3 option in
$FIELD$. The performance and in particular, a flux map on winter solstice at
10 a.m. are desired. The insolation is 0.7 kw/m?, and a squarc wave sun is
assumed. Other information comes from reference 33.

Input Cards

SAMPLE PROBLEM 3

$BASIC IPR@B=2, UDAY=355., UTIME=-2., IPRINT=2,
PLAT=37.099, INS@L=2, S@LC@N=0.7, NSUN=2

‘ IATM=2, ATM1=0.679, ATM2=11.76, ATM3=-1.
ATM4=0.$

$FIELD IUSERF=3%

$HSTAT WM=6.25, HM=8.3, ICANPL=1, WPANL=2.9 HPANL=1.25,
HXCANT=5*-1.675, 5*1.675, HYCANT=2.525, 1.263,
0.,-1.263, -2.525, 2.525, 1.263, 0.-1.263, -2.525,
DENSMR=0.92063, RMIRL=0.85, SIGAZ=0., SIGEL=0.,
SIGSX=0., SIGSY=0., SIGTX=0.0033, SIGTY=0.0033,
ICANT=3, NCANTY=5, ISB=1$

$REC THT=56.345, T@WL=67.345, T@PWD=11., IREC=4,
W=10.8, RX=3.4, RY=3.4, IAUT@P=0, RELV=111.8%

$NLFLUX IFLX=1, IFX@UT(1,1)=1, IFLAUT=4, NXFLX=11,
FAZMIM=-1.7, FAZMAX=1.7, NYFLX=11, FZMIM=-1.7,

97,

FZMAX=1.7%
$NLEFF$
SPANISH FIELD
282 16
1 7

0.0000 45,0000
10.0000 45,0000
20.0000 45,0000 N
30.0000 45,0000
-30.0000 45,0000
-20.0000 45,0000
-10.0000 45,0000

2 10 .
5.0000 57.0000
“etc.
$REC W=-1.%

Analysis of Input

The detailed.input describing the-site location, sunshape, atmospheric
attenuation ($BASIC$§, the heliostat ($HSTAT$), and tower and receiver ($RECS$)
are consistent with the system definition of reference 33. To calculate the
performance and flux at a particular time, IPR@B=2, UDAY, and UTIME are
specified in $BASIC$. IPRINT is set to 2 in order to get the single time
results printed. IUSERF=3 in $FIELD$ sets up the code to do a run on a field.
-with the individual heliostat coordinates defined. The values defined in ‘
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$NLFLUX$ are chosen for a fine gridded flux map. After $NLEFF$ comes the
individual heliostat input in the format described in the $FIELD$ section of
Appendix A. Only the first few values are shown here. :

Comments on Output

The output is similar to that of other runs up to the zoning.summary
{p. B-97), which is now simply a flag that the individual coordinate option is
employed. The performance summary of the heliostats in the lst, 2nd, and 16th
rows (pp. B-99 and B-100) are included here for illustration. Total field
performance (p. B-101), the waterfall trace at the specified time (p. B-102),
and the Mux i p (p. B-103) follow.
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ZCMING
INCIVICUAL HELICSTAT CCCPCINATES ARE SUPPLIECD BY THE USEFR

THE LAEEL OF THE FIELD = SPANISH FIELD
THE 282 HELIOQOSTATS ARE GRCUPEC INTC 1€ ROWS
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86-4

INSCLATICN ANC SUN FCSITYOH -

USER CEFINEC SINGLE CALCULATION - CAY= 355.08 HOLR=-2.010
@ INSCLATICN CALCULATEC USTING CONSTANT MOCEL

TIME = -2.& INSCLATICN(KkW/N2)= «736 TRUE ZENITH ANGLE = 66,81 CESERVED ZENTTH= 6£,77 SUN AZIMUTH = -29,94

3




~-e=- OPTICAL PERFORMANCE -=----
®
@ :
THE 1 RCW CONTAINS = 7 HELICSTATS
@ INC. HSTAT NO.= 1 ROW = 1 EAST =  0.00 NOSTH = 45,00 PADIUS=  ,70THT, RANGE = 1,22 TPT, PEC. AZM = -.00 ELV= 35,10
DAY HOUP AZ ANG EL ANG COSINE  SHADCK BLOCK ATM TRANS SPILLAGE  TOTAL KO, X ATM NO. ¥ 2IM 1ST X ATF {ST v AIM
355459 -2.0¢6 -18.5 £0.0, 3L 1.000 1,000 .985 1.000 JTEZ 1 1 0.00 0.00
@ IND. HSTAT NO.:= 2 PCW = 1 EAST = 10.0€ NCOTH = 45,00 ©OANTUS= L 72THT, RANGF = 1,24 THT, DEC, A7M = 14,17 FLV= 3%.94
nAY HOUR AZ ANG EL ANG COSTNE  SHADOW EBLOCK ATM T2ANS SPILLAGE  TOTAL NO. X ATV NO, Y BIM IST X AIN 1ST Vv ATM
355,01 -z.C0 -21.2 43,3 .926 1.€70 1.00: .085 t.000 746 1 1 7.0 0.20
INC, HSTAT NO.= 3 RCW = 1 EAST = 20.00 NOFTH = 45,00 PANIUS=  .79THT, RANGE = 1.27 TET, FEC. AIM = 26,A0 FLV= 38,22
DAY HOUP AZ ANG FL ANG COSINE  SHADOK PBLOCK ATM TRANS SPILLAGE  TOTAL NGO, X AT NG, Y AIM §ST ¥ AIM 1ST Y ATIM
35,00 -2.00 -3.4 49.1 .901 1.000 1.500 . 9A% 1,000 727 1 1 8. 10 3.60
@ IND. HSTAT NC.= @ RCK = 1 EAST = 33.GC NOFTH = 45,00 FADIUS=  .B8THT, RANGE = 1,33 THT, FFC. AZM = 37.15 ELV= u1.4R
" roav HOCR AZ ENG EL ANG COSINE  SHADOK 8LOCK ATM TRANS SPILLAGE . TOTAL NO, X ATM NC. Y AIN IST X AIM 1ST v AIM
355,00 -2.00 -39.7 49.2 875 1. 0¢€0 1,000 +38% 1.000 .7¢7 1 1 €. 00 0.6C0
@ 1IN0, HSTAT NC.= 5 ROW = 1 EAST = =30.0C NORTH = 65,00 ©ACIUS=  .88THT, RANGE = 1.31 THT, PEC. AZM =-37,1€ FLV= U41.4)
DAY HOUR A7 PNG EL ANG CCSINE  SHADOK RLOCK ATM TRANS SPILLAGE  TOTAL NO. X AIM NC. ¥ ATM 1ST X AIM 1ST Y AIM
355,00 -2.50 4.2 54.0 <974 .207 1,000 984 1,000 €3 1 1 0. 00 0.00
@ IND. HSTAT NO,= 6 POK = 1 EAST = -20.00 NOSTH = 45.00 RADTIUS=  «79THT, RANGE = 1,27 THT, PEC. AZM =-2F.80 ELV= 38,22
CAY Houe AZ ANG FL ANG COSINE  SHADCW RLOCK ATM TRANS SPILLAGE  TOTAL NG, X ATM KO, Y AIM 1ST ¥ ATM {ST v AIM
155,91 -2.00 -1.9 5245 «96¢ .458 1.000 .985 1,000 358 1 1 0.00 .50
@ INC. HSTAT NC.= 7 RCW = 1 EAST = =10.0C NCSTH = 45,00 PABTUS= . 72THT, RANGE = 1,24 THT, FEC. AZM ==Lb.17 ELV= 35,94
DAY HOUP A7 ANG EL ANG CCSINE  SHADGW ELOCK ATHM TRANS SPILLAGE  TOTAL NG, X AIM NO. Y AIM 1ST X AIN 1ST Y AIwk
155,00 -2.00 -9.6 51.1 .959  1.C(0 1.009 . 985 1,009 775 1 1 €. 70, 2.0

THE 2 RCW CONTAINS 10 HELIGSTATS

INC. KFSTAT NO.= 8 RCW = 2 EAST = €.0C NCRTH = £7,00 RADIUS= «92THT, RANGF = 1.3€ T-T, FEC. AZM = €£,53 EtLV= 42.62
cavy HOUR AZ ANG "EL ANG COSINE SHADOW B8LOCK ATM TRANS SPILLAGE TOTAL NO. X AIM NO. Y AT¥ 1ST X AIM 1ST Y ATM
® 355.00 -2.00 -20.% 53.4 «943 +871 1.000 +«984 1.n00 JEE? 1 1 0.00 0.010
" INCe. HSTAT NO.= 9 RCOW = 2 EAST = 165,00 NORTH = 67,00 PAQIUS= «95THT, SANGE = 1,38 T4T, FEC. AZM = 1€,21 ELV= LI, hL
CAy HOUR AZ ANG EL ANG CCSINE SHAONE¥ PLOCK  ATM TRANS SPILLAGE TATAL NQ. X AIM NOo Y AIM 1ST X AIF 1ST v AZM
.' 355,00 -2.00 -2€.S 53.0 «929 .870 1.000 + 984 1,000 26E2 1 1 0.00 g.00
INO. HSTAT NC.= 10 RCHW = 2 EAST = 25,00 NORTH = €7.,00 RADTIUS= 1.02THT, 2WANGE = 1,43 THT, PEC, AIM = 2%,85 ELV= L&,50
CAY H CUR AZ ANG FL ANG COS INE SHADOW BLOCK ATM TRANS SPILLAGE TOTAL NC. X ATM NO. Y AIM 41ST x AI¥ {ST VY AIM
INDe HSTAT NQO.= 11 RCHW = 2 EASY = 35,00 NORTH = §7,00 PRADIUS= 1.,11THT, RANGE = 1,49 THTY, FEC. AZM = 34,15 FLV= 67,90
DAY HOUR Al ANG EL ANG COS INE SHADCW PRLOCK ATM TRANS SPILLAGE TOTAL NO. X ATM NC. Y AIM 4ST x AIM 4ST v AIM
@ 355.00 -2.00 -3t.9 £3.0 <884 1.069 1.00C +983 1.02° «713 1 1 8.00 0.0¢C
INC. HSTAT NC.= 12 RCK = 2 EAST = 45.0(C NORTH = E7,0C PRADIUS= 1.22THT, RANGE = 1,57 THT, PFC. AIM = 41,09 ELV= S0.55
DAY HOUR AZ ING EL ANG COS INE SHADONW PBLOCK ATM TRANS SPILLAGE TOTAL NO. X AIM NO. Y AIM $IST X AIF ST ¥ AIM
@ 355.00 -2.00 -39.1 53.3 «BE1 1. 900 1.C00 «983 «999 HC 1 1 g.00 B.0C
INDs HSTAT NC.= 13 RCh = 2 EAST = =45,00 NCRT¢ = €7.,00 PADIUS= 1.22THY, FANGE = 1,F7 THT, PEC, AZM =-41.0M3 ELV= S[,5¢%
cay HOUR AZ ANG EL ANG COS INE SHAQOW RLOCK ATM TRANS SPILLAGFE TOTAL NGO, X AIM NO, Y AIM I1ST X AIM (ST Y AIM
’ 355,00 -2.00 [ | €8.¢ «387 1.000 1,000 +9R3 «99¢ WT7CE 1 1 0.00 0.00
INQ. HSTAT NQ.= 14 RCH = 2 EAST = =35,00 NOOPTH = €©€7,00 RADIUS= 1.11THT, CANGE = 1.49 THT, FEC, AZM =-34,1% ELV= 47,90
OAY HCUR AZ ANG £L ANG CCSINE SHADON BLOCK ATHM TRANS SPILLAGE TOTAL NO. X AIM NC. Y AIM 1ST x ATM 1ST Y AIM
355.00 -2.00 2.3 57.3 «98% .0C0 1.000 .903 1.0080 000 . 1 1 0. 00 0.00
INDe HSTAT NCeo= 15 PCH = 2 EAST = =2€,00 NORTH = §7,00 RADIUS= 1.02THT, PANGF = 1.43 THT, REC. AZM =-25,85 ELV= 4E.50
DAY HOUR A7 ANG "EL ANG CCS INE SHADOKW BRBLOCK ATM TRANS SPILLAGE TOTAL NO, X ATM NC. Y AIM (ST X AIM ST ¥ AINM
™ 385,09 -2.00 =23 €6.1 982 «€79 1.5CC «984 1.000 «LEQ 1 1 7.00 0.00
INCe HSTAT NQO,.= 16 RCH = 2 FAST = -15,00 NOSTH = &7.,00 RADIUS= «95THT, QANGE = 1.38 TEY, FEC. AIM =-1€.21 ELV= L3.64
DAY HOUR A7 ANG EL ANG CCS INE SHADCK PLOCK ATM TRANS SPILLAGE - TOTAL MNQ. ¥ AIM NO, Y AIM 4ST X AIM (ST v AIM
w 3£5.00 -2.060 -7.8 55410 «975 «870 1.£0C « 984 1,00¢ 685 1 1 3.0¢ 0.00
k'oINE’ HSTAT NC.= 17 RCW = 2 EASY =  «5,0% NCRTH = €£7,0C RAGIUS= «92THT, RANGE = 1,38 THT, PEC, AZM = -F,53 ELV= 42.Ah2
O DAY HOUP AZ ING EL ANG CO< INE SHADOW PLOCK ATM TRANS SPILLAGE TOTAL NO. ¥ ATM NO, Y AIM IST X AIM IST Y AINM

IES_QO0 -2.00 -f4.1 {9} YA e f71 14 .100n < B84 4. .0010 +AT8H 4 1 0. %N n.ng



INC.
[wo] CAY
1 3gc.00
S INC. HSTAT
S cav

355,00
ING. HSTAT
DAY
3ec,a¢
INC. HSTAT
cAY
e,
INC. HSTAT
cay
35,00
INC. WSTAT
CAY
355,00
IND. HSTAT
cay
355,00
IND. HSTAT
oAy
355490

THE

HSTATY

InC.
DAY
IcE.07
@ 1nD. BSTAT
CAY
355,00
INC. KSTAT
cAY
155,00
@ 1nD. HSTAT
DAY
2EE Q3
@ INC, HSTAT
cav
155,09
@ InND, HSTAT
pavy
365,03
@ 1NC. HETAT
CAY
355.00
@ INC. HSTAT
cAvY
355,00
@ IND. HSTAT
DAY
355.n00
CIND. HSTAT
) DAY
355,00

HSTATY

AN

1€ R(W CCANTAINS

NCe= 26F FCh =
HOUR AZ ENG
-2.00 =23.9

NC.= 26€ PCh =
HCUR AZ ANG
-2.00 ~2%.7

NCe= 267 RCMW =
HOUF A7 ANG
-Z.00 -3.2

NO.= 268 RCHW =
HCLR A7 ANG
~Z.C0° =€.0

NC.= 2¢9 RCh =
HCUR A7 ANG
-2.00 -€.9

NC.= 270 fCk =
HQOU®P AZ ING
=-2.00 -2.8

NO.= 271 RCHW =
HOUR A7 ANG
-2.00 -1C.7

NO.= 272 ROW =
HCUR AZ ANG
=200 ~-12.6

NB.= 273 RCk =
HOUR AZ ANG
~2.00 -1€.5

NO.= 274 KOk =
HOLUR AZ NG
=2.00 ~17.4

NC.= 275 RCKk =
HCUR AZ ANG
-2.00 -19,3

NOe.= 27€& ROK =
HOUR A7 BNG
‘2000 -21.2

NO.= 277 RCH =
HOUR A7 ANG
-2.00 -23.0

NO.= 278 POW =
HOUR AZ BNG
-2.90 ~5.9

NO.= 279 fCh =
HOUR AZ ING
=2.00 -7.8

NO.= 288 RPCW =
HOUR AZ ENG
-2.00 -q,7

NO.= 281 RCk =
HCUR AZ ANG
-2.00 -11.%

NO.= 282 RCK =
HCUR AZ ANG
-2.00 -13.5

10 HEULIOQSTATS

1€ EAST = 84,77 NCETH = 244,68 2ALIUS= L. 4 CTHT, Cannk
EL ANG LGOS INE SHADCK RLOCK ATM TRANS SPILLAGE
70.4 «913 .2819 1.G80 « 354 o751
15 EASY = 102,58 NCETH = 24L.0f FAPIUSS G, 61747, CANGE
EL ANG COS INF SHAROK RLDICK ATM TRANS SPILLAGE
70.3 «901 « 994 1.000 «A63 o733
1€ EASYT =-102.58 NOCTH = 24L.GJQ PADTUS= e 81T4T, CANSF
EL ANG CCSTNE SHAROK RrLOCK ATM TRANS SPILLAGE
72.2 «394 1.000 1.060 « 2R3 707
15 EAST = =84473 NCFTH = 264 ,N0 SANIUS= 4. LQTAY, BPANSE
EL ANG COS INE SHADOK "LOCK ATYM TRANS S2ILLAGE
72.¢ «992 1.83) 1.267 « 964 «772
15 EAST = =p7.31 NORTH = 2LL,00 PANTUS= 4,40THT, ECANGE
EL ANG COS INE SHATOOW RLOCY ATM TP ANS SPILLAGE
7T1.9 «389 1.00C 1.%06 « 255 «783
1€ EAST = =5G.19 NCRTH = 244,00 PCACTUS= &, 33747, RANGE
EL ANG COS INE SHAQCK PLOCK ATM TRANS SPILLAGF
1.7 «38F¢ 1.0038 1.000 {11 .80¢
15 EAST = -23,33 NORTH = 244 .00 FANTIUS= &L,2BTHY, FANGF
EL ANG COS INE SHADOW PLOCK ATM TRANS STILLAGE
71.5 «980 1.000 1.000 « 355 «81A
15 EAST = =16463 NORTH = 246,00 PRADIUS= 4,24THT, QANGF
EL ANG COS TNE SHAUON RLOTK ATM YRANS SPILLAGE
71.3 973 1. 00C 1.000 « 366 <824
-1€ EAST = 8483 NCRTH = 289,00 ©CADIUS= 4,S50THT, RANGE
EL ANG COS INE SHACOW BLOCK ATM TRANS SPILLAGE
71.5 «95h1 1.001 1.630 . 9604 «787
16 EAST = 2€.5€ NORTH = 269,08 RACIUS= 4,53TFT, RANGF
EL ANG COS INE SHACOW B8LOCK ATM TRANS SPILLAGE
71.3 «952 t.004 1.090 « 964 «781
16 €EAST = 44,38 NOPTH = 286,00 ©PACIUS= &4,S5S7THT, RANGE
EL ANG COS INE SHACO¥ BLOCK ATM TRANS SFILLAGE
71.2 342 1. 0040 1.0090 + 966 «770
1 EAST = £2.44 NORTH = 2€9.00 RACIUS= 4.B4THT, RANGE
EL ANG COS INE SHACO® 8LOCK ATM TRANS SPILLAGE
71.80 «931 1.0(€0 1.030 «93 «753
16 EAST = 80,82 NORTH = 259,00 PRADIYS= &4,72THT, RANGE =
EL ANG CCSINE SHAQCW BLOEK ATM TRANS SPILLAGE
70.9 «919 1.0¢a 1.180 «963 o732
1% EAST = -80.82 NORTH = 25¢,00 RADIUS= &,72V7+T, PANGE
FL ANG COS INE SHAQOR PLOEXK ATM TRANS SFILLAGE
72.3 «3990 1.0¢C 1.0eE¢ « 963 o762
1€ EAST = -62.44 NOSTH = 266,00 PRADIUS= 4.64THT, RANGE
EL ANG COS INF SHACONW BLCCK ATM TRANS SFILLAGE
72.1 .987 1.8¢€0 1.080 «%3 «761
1€ EAST = =44.,38 NCFTH = 259,00 PAQYIUS= 4.,57THT, FANGF
EL ANG COS INE SHAQOK PRLOCK ATM TRANS SFILLAGE
72.0 «382 1.0¢€0 1.0€0 «964 o77¢
16 EAST = -2€.56 NOFTH = 269,00 ©ALIUS= 4,53THT, FANGF
EL ANC CCSINE SHACCK RLOCK ATM TRANS SFILLAGE
71.8 974 1.000 1.000 « 964 o 78U
1€ EAST = -3,82 NOFTH = 2539.08 RADIUS= &,50THT, CANGF
EL ANG COS INE SHADCK BLOCK ATM TOANS SFILLAGE
71.6 «96¢ 1.0¢c0 1.0C0 « 964 o788

= WeRY TKT, CEM. ATHM = 15,55 ELys
TNTAL KC. X ATH HNO, Vv 2IM ST ¥ AIM
.cu3 1 1 .30
= L,72 THY, ©IC, AZM = 273,26 ELV=
TOTAL NCe X AIM NC. Y AIM 1ST X ATIM
LF1R 1 1 n.00
= L,T2 THT, ©I0, A7M =-2%,2€ SLV=
TOYAL NC. ¥ AIM NC. Y &IM 1ST x ALV
S8R 1 1 0.00
= 4.6 YHT, PR:IC, A7™ =-19,55 ELV=
TOTAL KO, ¥ ATM NC, v EIM ST ¥ AWM
JECH 1 1 0.00
= 6,51 THT. FEIC, A7M ==-1%,76 ELys=
TOTAL KC, ¥ ATM NQ., Y 2IM 1ST X ATM
.620 1 1 g.ne
= G 44 THT, OFC, A7M =-11.88 ELV=
TOTAL NC. ¥ AIM NO. Y A[M IST ¥ ArN
.£30 1 1 5.01
= 4,29 THT, FEC. AZM = -7.,95 E|V=
TOYAL NC. X AIM NO. Y ZIM (ST X AIM
.635 1 1 0.00
= 4,36 THY, FCEC., AZM = -3.99 ELV=
TOTAL NO. X AIM NC. v ATM ST X ATV
635 1 : 1 0.00
= U,E1 THT, PEC. AZIM = 1,99 ELV=
TOTAL NG, X AIM NG. Y AIN 1ST X AIN
.598 1 1 0.20
= 4,62 T¥T, REC. AIM = 5,98 ELV=
TOTAL NO. X AIM NO. Y AIM 1ST X AWM
.587 1 1 0.00
= 4,€8 THY, FEC, AZM = 9,93 ELV=
TOTAL NG, X ATM NG, Y ATH (ST ¥ ATM
573 1 1 0.00
= 4,74 T¥T, REC. AZM = 13.P3 ELV=
TOTAL NO. ¥ ATM NO. Y AIM 1ST X AIN
.SE4 1 1 0.00
= u,B3 THT, RFC, AZM = 17,68 €LV=
TOTAL NC. X ATM NC. Y AIM ST x ATP
WS21 1 1 0.00
= 4,33 T"Tv PEC, AZM ==87,68 ELV=
TOTAL NC, X &AIM NO, Y AIM 1ST x AT¥
«580 1 1 0.30
= 4,76 TET, PREC, AZM =-13.83 ELV=
TOYAL NG. X £IM NO. Y ATM ST X AI¥
593 1 1 0.92
= 4,68 TPT, FCEC, AZM = -9,93 FLV=
TOTAL NO. X 6IM NO. Y A[M 1ST X AN
€02 - 1 1 0.00
= 4,63 THT, PEC, AIM = -%5,98 ELV=
TCTAL NG, ¥ AIM NC. Y AIM 1ST X Al
.605 1 1 0.00
= 6,61 THT, PEC. AIM = =-1,99 ELV=
TOTAL NC. ¥ XIM NQ, Y ATM ST ¥ Al»
o504 1 1 0.00

Treun

1<T v AL
0.0C

77.76

1ST ¥ a1
7.00

77.7¢

1ST v AIM
0.00

77.45

1ST v ATM
0.00

7T7.20

18T v AT™
J. 00

7€.99

1ST v AIM
0.30

T¢.84

1ST Y AIM
.00

TEL 7L

1ST v AIM
0.00

77.48

1ST v 2IM
.30

77.54

1ST ¥ AIM
.00

77.66

1ST ¥ BRINM
0.0C

77.82

1ST v AIM
0.CC

78.05

1ST v AIM
0.00

78405

1ST v RIM
0.0¢C

77.83

1ST v AINM
8.0C

77.66

1ST v AIM
n.ce

77.54

18T v AIM
0.00

77.48

1ST v AN
0.00




.

e 0 o

3

PERFCRNANCE SUMMARY FP(M USER CEFTNEC FICLCT

CPTICAL EFFICIENGY ”
TOTAL FFFIGIENCY INCLUCES REFLECTIVITIES, HELICSTAT = .85 PECEIVE®
DAY HOUR COSINE SHACOW BLCCK ATH.TRANS. SPTLLAGE
355,00 -2.00 .S49 .927 .co3 .<73 .917

toL-9

«9E5

TOTAL
«€129



(e - .- 9 )
® o . CESIGN POINRY
CAvy=  2S£,90 TIME= -Z.C00 INSCLATICH

GFOSS FOKER ONTC FEGCEIVE®
RIFLEGTIVITY LCSS
RADTATTCN/CCONVECTIGN LCSS
@ PIPING LCSSES
THERMAL FCWER TOWEE BASE
POWER TG STORAGE
@ POWER TC TUPRINE
THEQM. TC ELEC. EFF.
GRCSS ELECTRIC PCHWER
@ ELECTRICAL PARASITICS

NET ELECTEIC PCWER

Y

700 KW/¥?2

MheTH
ME=T4
MW-TH
MK=TH
MK-TH
MH-TH
MU-TH

MK-EL
MH-EL

MK-EL

- —r— e



FLUX CALCULRTICKN

@ UNITS CF FLUX ARE KILCWATT/SC. METER

@ THE FLUX TS CALCULATED FOR CAY= 355,00 HCUR=

voL/€01 -8

HT (M)

1.760
1.3EC
1.020
+«E 80
«34L¢C
0.050
'03“0
-.680
-1.028
~1.3€0
-1.700

HORIZONTAL DISPLACEMENT IN FLUX PLANE(M)

-1.700

«183€E+C2
«3EBE+D2
«EL3ECD2
«977E¢02
«126E+03
«138E402
«12€E+03
«973E+02
«EH42E N2
«JETE+02
«182E¢02

-1.360

«326E¢02
«ESTE#D2
«118E¢03
«1EEE*03
«248E+D3
e 2TLE+GI
«24TE+D3
«185E+403
«118E+193
«ECAEL(2
«327E+02

-1.020

«518E402
«106E¢03
«199E¢03
«331E423
«LESE+03
«523E+C3
«L62E+03
«330E+03
«199E+03
«107E403
«516E 402

"680

«T2TE#(2
«1SUEC L3
«J(UEL O3
«549E¢L3
«828E+(T
«9SLE+(3

«B1SE+ (3

«S5U2E+L3
«30SEL2
«1ECE+(3
«729E+C2

~.3u0

«900% 02
«195E+03
4075403
«7T91E 403
«1Z8E404
«152F 404
«12€EE+04
«71CE+03
«uCBE#]3
«19EE+03
«93C1Fe02

=2+00 INSOLATICN= «700

. 000

<9EEE N2
+2125 403
J450C5 403
«9C0E*03
+1S0E+0L
«182E+04
J1E0E D0
<9D0E+N3
+L4ENE#D2
«212E403
+9EET+02

KW/H2

<3060

« 9015402
«196E¢D3
«WOEEMDT
o TT9E#]2
«12EEMQL
«152E404L
«12RE+00
«TCLESDI
o« 407EQ3
«138CE403
«300E¢02

.6!“

«T29E4 (2
«15CE+ 03
«30SEvE3
+SU2E (L3
«B4SEC3
+354EL (3
«828E¢(3
«SUOEe (T
«JQUES (3
«1CLTL LT
«7T27TEeC2

1.020

«E16E#N2
«107E+03
«19CE¢03
«320E+03
«UEZEQZ
«523€E¢03
«LESE403
«3EeG3
«190E+L2
<1 TEESD]
«518E402

1.3€0

«327E4°2
«659€+02
«118E¢C3
«1BEE+13
«24TE#T]
«2TLESD]
«2UBELO3
«186E+03
«118%+103
«ESTE+CG2
«326E¢02

1.760

«182€E402
«36TE+02
«EL2E+Q2
«973F+ 02
«123E¢01
«133E+03
«125E¢03
«3T7E#Q2
«6UIECDN2
«3€BE#Q2
.183€402
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APPENDIX C--ADDITIONAL SAMPLE INPUT DECKS

Flux Map on a Cavity Wall and Aperture

Examine the flux distribution on the east facing cavity of the 125 MW,
system from Sample Problem 2 of Appendix B. Obtain flux maps on both the heat
absorbing surface and aperture.

A. Flux on the Heat Absorbing Surface

AInput:

FLUX MAP @N WALL

$BASIC ITAPE=3, TDESP=125.%

$FIELDS

$HSTATS

$REC RX=12.8,9.6,12. 8 16.0, RY=12.8,9.6,12.8
RAZM= 270.,0.,90.,180., RWCAV=0. 75 0.5,0

$NLFLUX IFLX=1, IFX@UT(3,1)=1, NXFLX=9, FAZM

NYFLX=8 FZMIN=-4. 0, FZMAX=26. 0$ '

.0,
1.0$
225., FAZMAX= 315.,

,16
.75,
IN=
$NLEFFS$

$REC W=-1.%

Analysis of Input

System data is read from the optimization data tape created in Sample
Problem 2B (ITAPE=3, TDESP=125., plus the appropriate control card for attach-
ing the file). In. order to make calculations on the east cavity, the $RECS
“variables must be specified so that the east facing cavity is the first one.
The optimized values for the aperture size (RX,RY) are used. IREC and IAUT@P
are read from TAPE30. '

For calculating the flux map, the design point has been selected, and the
default value of IFLAUT signals that calculations will be made on the heat
absorbing surface of the specified receiver. FZMIN,FZMAX are specified in
keeping with values determined in the optimization run.



B. Flux on the Aperture

Input:

FLUX MAP (N APERTURE

$BASIC ITAPE=3, TDESP=125.%

SFIELDS

$HSTATS

$REC RX =12.8,9.6,12.8,16.0, RY=12.8,9.6,12.8,16.0,

RAZM=270.,0.,90.,180., RWCAV=0.75,0.5,0,75,1.0%

$NLFLUX IFLX=1, IFX@UT(3,1)=1, IFLAUT=3, XFC=16.25, YFC=0., ZFC=0.,
AZMF=270., NXFLX=9,FAZMIN=-6.4, FAZMAX=6.4, NYFLX=9,
FIMIN=-6.4, FZIMAX=6.4%

Analysis of Input

: The input is similar to the calculation in the preceding example except
for the definition of the aperture instead of the heat absorbing surface for
the flux calculation. IFLAUT=3 is specified and appropriate values of XFC,
YFC, ZFC, FZMIN, FZMAX are defined.

Land Constrained System Design

The following piece of land is available for a central receiver plant:

~1500m

= —

180Im

-1200m

Determine the appropriate‘p1ant size for the area and optimal tower location.
fhput:

LAND CONSTRAINT
- $BASIC ITAPE=2$

$RECS

$@PT NUMTHT=5, THTST=120., THTEND 200., MUMREC=5, WST=10., WEND= 18.,
NUM@PT=5, P@PTMN=250.E+06, P@PTMX=350.E+06, NUMP@S=4,
XTPST=0., XTPEMD=150., YTPST=-200., YTPEND=-400., NLAND=2, CLE=0.,
600., CLN=0.,0., ALP=0.,9.5, SLNS=1800.,1775., SLEW=1200.,297.,
IPLFL=4*1, SMULT=1,0%

SNLFLUX$

$NLEFF IPH=1$

$NLCASTS

C-2



SNLECONS
$REC w='1.$

Analysis of Input

The vague problem statement requires a number of decisions to be made.
First, a general ideg of the plant size is made by comparing the available
land are of ~ 2.4 km¢ with previously calculated unconstrained designs. The -
result is ~ 250 MW¢pn delivered at the base of the tower (see output for
Problem 1, Appendix B), and this then becomes a nominal value for determining
the power levels searched. Tower height and receiver size ranges are chosen
consistent with the power level range considered here. Furthermore, in this
jnitial run, the problem is simplified to deal only with thermal power at the
tower basis (IPH=1, SMULT=1.0) and non-flux limited external receiver designs.

The land constraint is handled by dividing the land into the two rec-

tangles shown below and neglecting the small triangular area in the upper
right hand corner:

neglected

!
!
1
! 2]
l
!
|
SRR TR E
1
| .
1
1
, S
|
=

}

Tower position—

o o= wsf ow oy

Tower position is varied along the line indicated. The input parameters

in $0PT$ define values based on the original dimensions of the land area.
Subsequent iterations may be required to optimize tower position and receiver
configuration, ‘
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