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NOMENCLATURE

‘ Symbols Units"
a; = internal flow area per element £t2
aj, = lattice flow area per element, i.e., lattice flow £t2

area within one unit cell
AgT =  total heat transfer area in core ft2
ALP =  total lattice flow area in pass '"p" 12
b = heat transfer area per water gap ft2
C = constant, function of system pressure (Ref. p. 52,
ANL-4627)
CCp = number of control rods in pass "p"
D = equivalent diameter of a water gap ft
fp1 = fraction of the total power generated in the first pass

' Fi, = lattice hot channel factor 1

FhaAT nuclear uncertainty factors, to be applied to the bulk

Frnae coolant temperature rise and film temperature
gradient, respectively

Finst =  instrumentation factor for core power

Favg mechanical hot channel factors to be applied to

Floc } bulk coolant temperature rise and film tem-

perature gradient, respectively.

(FR AT) CR nuclear radial factors, representing the nor-

(FR A6)CR malized radial power distribution and flux peaking
factors, of the control rod element with the
highest factors, 2 to be applied to the coolant
temperature rise and film gradient, respectively.

1 - The lattice hot channel factor represents the tplerances on a lattice flow
channel which are in addition to those already existing in an internal flow
channel. ‘

2 - Calculations are performed for the control rod elez@:ent with the highest
factors only, since the control rod elements are not orificed.

ﬂ.
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Symbols Units

(FRAT) FE e } nuclear radial factors for type "e' stationary

(Fr Ae) FEo fuel element.

G = mass flow rate of coolant #/1t2-hr
Gassum. = mass flow rate corresponding to Wgaggum #/it2-hr
Gmax = mass flow rate corresponding to the maxi- #/£t2-hr

P mum stationary element internal flow in the
pass
hyssum = heat transfer coefficient corresponding to Btu/ft2-hr OF
Gassum
H.G. = fraction of the total core power generated

in the fuel plates

(H.C.F)gg = hot channel factor caused by tolerances on
uranium content and meat thickness
ke = thermal conductivity of fukl plate cladding Btu/ft-hr OF
material
Ky, = thermal conductivity of the fuel plate meat Btu/ft-hr OF
m = constant function of system pressure
(Ref. p. 52, ANL-4627)
nCR number of fuel plates per element
NFE ;
NCR total number of control rod and stationary
Ngg } fuel elements, respectively
NrE, = number of stationary elements of type ''e'
P = total power of core (not including heat MW
generated in the reflector)
PPPP = problem number
P3Py = values of the nonmalized axial power distri-

bution from the windowshade output



Symbols

Tsallow
(Tsmax) Z

Tsat
At
ab §
ATZ

LBy

value of the windowshade ouput at some
mesh index "'z"

mesh point index of the top of the active core

heat generated in reflector whose coolant
flow is in parallel with the first pass
number of different types3
fuel elements in pass one

of stationary
total number of different types of station-
ary elements in pass one and two combined

maximum ratio of operating to burnout
heat flux in pass "p"

inlet temperature to pass ''p"
maximum internal temperature in pass ''p"
maximum allowable surface temperature 4

maximum possible surface temperature at
a position "Z'" from the inlet

saturation temperature corresponding to
system pressure

temperature difference across the fuel plate
cladding and meat, respectively

maximum possible bulk coolant temperature
rise from pass inlet to "Z"

maximum possible film temperature gradient

at position "Z"

Units

Btu/hr

OF
OF
OF

OF

OF

OF

OF

op

3 - Stationary elements of different types are distinguished by their "Fp"

factors.

4 - Maximum allowable surface temperature is normally taken as the satura-
tion temperature reduced by instrumentation tolerances on system pres-
sure and inlet temperature.



Symbols

Wassum
(W)p
(W)
(WR),
(Wr)p
X

AX
AY

’ ¢
@'

]

(?op)maxp Ep

Prop
Crary

Cn’
Pp

P

]

]

-
-

required coolant flow per element for sta-
tionary element type ''e"

required coolant flow per control rod element
a first approximation for flow per element
total internal flow required in pass 'p"

total lattice flow required in pass "p"
reflector flow in parallel with pass "p"

total flow required for pass 'p"

number of spaces between end mesh points
(x + 1 = number of mesh points) 9

fuel plate clad thickness
fuel plate meat thickness

average core heat flux, based on total core
power and total heat transfer area

average heat flux based on fraction of
total power generated in the fuel plates

maximum operating heat flux in a stationary
element in pass '"p"

burnout heat flux in pass 'p"

maximum operating heat flux in pass 'p"
in either stationary or control rod element

Coolant properties evaluated at the mean
coolant temperature in pass ''p"

specific heat

thermal conductivity

5 - Mesh points refer to windowshade output.
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Units

gpm

ft
ft

Btu/ft2-hr
Btu/ft2-hr
Btu/ft2-hr

Btu/ft2-hr

Btu/ft2-hr

Bty/1b OF

Btu/ft hr OF



Symbolg Units
(p = density 10/t
/"’p =  viseesity #/ft-hr
Geometry
7 ——
E — B s
I | o I I I
l ] ’ . ; I | T T | T
. —H||| | )
| ( ] Y K B | |
| L ; | l
i l | |
| 1 ¥ L
R = — I .
! V ——
u -—-!Evt——
I,J = dimensions of unit cell ft
V,Y = inside control rod basket dimensions ft
K,U = outside control rod basket dimensions ft
B = width of side plate ft
C = fuel plate thickness ft
E =  gide plate thickness ft
S =  width of element water gap ft
t =  thickness of element water gap ft
M = active meat width of a fuel plate ft
H = active meat length of a fuel plate ft
icr = meat length of control rod fuel plates inserted ft

in the active coreb

6 - Ifall the control rod elements are not inserted at the same level, this should be a
weighted average.
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C.R.

F.E.

Subscripts

pass number 1

pass number 2

control rod fuel element
stationary fuel element
pass number (0 < p £ 2)

stationary fuel element type number
(e <16)

-11-



INTRODUCTION

This program is intended to be utilized for the establishment of flow re-
quirements of a tailored flow core. It is capable of handling either one or
two-passs cores, with flow direction optional in each pass, and a reflector
coolant flow in parallel with either pass. The various configurations which
may be investigated are illustrated in Figure 1. Although the program is
specifically intended for APPR-type elements, flows may be established for
any set of dimensions, pressure and temperature conditions, and corre-
sponding to any desired maximum allowable surface temperature. It is ex-
pected that, due to pressure drop considerations, for two-pass flow all con-
trol rods wil}fbe in the same pass.

Calculated results include flow requirements of each individual type of
element, as well as total internal flow, lattice flow, and finally the total re-
quired flow for each pass.

Calculation of the maximum ratio of operating to burnout heat flux and
maximum internal temperature is optional.
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FIGURE 1

Core Configurations Which May Be Investigated
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ANALYSIS

Surface Temperature

The following equations are used to determine the maximum possible plate
surface temperature corresponding to any particular flow rate and at any po-
sition axially along the core: o

(1) (7;)Z = 7';',,p + (a 7—)2 + (Ae)z
For a control rod:
i 2
(2a) (a 7‘&_ =(,C:V3) Feub (e’ﬁ) bcn Lﬂ (Qd)c.m i:*_’i
cR es cr | (Chp (Whasun), (SL LI L 2
(30) (A e) ) - b adi
zc; ('L:n)cra (/L:Ao)ca <F;A°S ";:L (X P?-)

For a stationary element:

W 6T) ) ) ) | e Plrea=t) |\ Aty

FE, avg nar. (CP)p (Wo."“’")F‘ 2
%=
®we) =F (£ (E Y
& EFE___ ( /oc.>;5 RAO)FE‘Q_"AQ\) -}jL (X /2)
assum gg

Equation (1) is evaluated at each mesh point axially along the core, in the
direction of flow, to determine Tspmax corresponding to a particular flow rate.
Iteration of flow rate is required to establish the flow corresponding to the de-
sired value of Tga}1ow

Flow Determination

Assuming some flow (Waggym), the correspending heat transfer coefficient
is calculated by use of equa.t?gns (4) and (B) below:
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(4) G

assum

(W Y

ASSUMm

( aL)cg er FE

(5) o8 o #
Iqasswm = O. OZ/ __.ﬁ.K Go.sau.m Dc( s~ FE <CP/L)
DC.K orFE /bl.’ K P

The results are substituted into equations (1) through (3) and Tsmax COrre-

sponding to Waggym determined. Iteration on (Wyggym) 1S continued until
Tsmax = Tsallowr The corresponding (Wagsum) Will be the required element

flow rate (W).

Second Pass Inlet Temperature

The inlet temperature to the second pass is calculated by the mixing
equation:

(6) T. =7 + QRI+(P)(-€‘I)(3/ 4/3000)
: / (W) (Cp,)

Once the inlet temperature is calculated, equations for the second pass are
identical with those for the first pass.

General Constants

The following general constants are evaluated for use in the previous
equations:

(" Ag =2 [(MFE)<HFE>(nFE)<NFE) +(MCR)(iCR)(nCR)(NCR)]

(8) kP = P x Fi,gt X 3,413,000
AHT

® Y- @mac)

(10) bpg'= 2 (MpE) (HFE)
(11) bcg = 2 (Mcp) (Hcp)
(12) D FE — 2 (5);-—5 ( t);re:

( SFE + t;g)
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(13) ¢ £ = (L~ (nF;( CFE)

F
Viee
D, =2 (S>QR(<J:)C,2
(Eicn'f éﬁ;K)
(15) (ay)pg = (nFE-1) (SFE) tFE)

9 (a, N= |(YAV)-2(B )E)-r) 1s) (),
Y ota), s (NDta, 208809,

(14)

&
(18)

(8)..= [(IE)—Ww]

Total Internal Flow

The total internal flow for a pass with n types of stationary elements is
determined by:

(19)
(W)= CC (W I+NW + MW+ o MW,

”
Lattice Flow

The lattice flow area of a pass is calculated by:
(20)

Ac) =(a) (Ccopria), (MM M)

The corresponding lattice flow requirement is determined by (See Section
4, AP Memo #157):

@ wi) =(w [ (Al (,r_-)]
here: (QL)FE ]

(Wmax) = maximum stationary fuel element flow in the pass, gpm.
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Tptal Required Flow

The total nequired flow for a pass is then the summation of the calculated
internal and lattice flows, and the assumed reflector flow:

(22) (\A/r) (WL) +(M) +(\A/R)

For a twor-pass core the total requu'ed core flow is the larger total required
pass flow.

Burnout Heat Flux Ratio
The maximum stationary element operating heat flux in a i)ass is calculated

(zs) ( Sﬂop) = (F'Me) (Xkz

maox Mmax
The corresponding burnout heat fIrux is cﬁ,atermined by:

a9 o o _ oz2
/10° /06) (fSa‘é- b)

where:

MHCF)

m&%

( =y 9) = the values corresponding to the highest sta-
Ra moeXog ) tionary element flow in the pass.

t L= 7. +a7, corresponding to Gmax
n

The maximum ratio of operating to burnout heat flux is then:

(25) Rgo — ( LPOP)MM,:,;
( Pes)

Maximum Internal Temperature

The maximum internal temperature in a pass is calculated by the following
equations:

(26) (Lwﬂ'”w‘)f’ = w/ (F'“e)m“ g( &3( )”’""(HC'FJB'O
(27 A Z_—O = ( kp’”"“‘» (AX>
Ke
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(28) At; = (‘me )p‘ (AY)
4 Km

(29) (ﬂn‘r) = Ts,or = AT, + Al

May

where (F is the maximum nuclear radial factor for
RAS max cp o FE

any element in the pass.

PROGRAM DETAILS

650 Computation

The machine calculation consists of iterating on flow rate and evaluating
equation (1) for each type of element until (Tsmax) = Tg allow’

The calculations are made while using flow expressed as #/hr, and con-
verted to gpm as a final step.

The computer may be instructed to develop answers for either one or two-
pass flow, with direction of flow variable on either pass.

Limitations

0<e <17 (1 to 16 different types of fuel elements)
0<p €3 (1 or 2 pass flow)

Variations and Modifications

Tolerance

The program has a convergence criterion between (Tg___)and Tg
equal to £ 1.00 OF. max’ | allow

If it is desired to modify the convergence eriterion, enter into location
(0181) a flpating point number equal to the maximum deviation desired.

A tolerance of + 0.25 OF has been used very successfully.
Evaluation of Equation
To prevent the required flow from being based on a spike in the power

distribution, which frequently occurs at the bottom of the core within the last
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inch of active meat, the evaluation of equation (1) is not started until the third
mesh point of the power distribution, and terminated on the third from last mesh
point. '

This spike in the power distribytion is normally neglected since for upward
flow it is compensated for by inlet effects and for downward flow it is expected
that flux suppressors will be utilized to reduce it.

If it is desired to modify the starting and ending point of the evaluation of
equation (1), enter into location (1732) a floating point number equal in size to
the number of starting and ending mesh points it is desired to bypass.

A value of zero may be entered.
Lattice Flow Factor

The lattice flow area is determined by calculating the lattice area within a
unit cell of each type, and multiplying by the number of unit cells. In some
cases, however, the inner skirt dimensions do not coincide with the outer
boundary of the unit cell scheme, and additional lattice flow area exists. This
may be considered in determining lattice flow, if desirable, by inserting in
floating point form the ratio of the actual lattice area to that calculated on the
unit cell basis in location (0848).

Variation of tCR
tCR is the thickness of the control rod water gap, in feet. If a floating
point value is entered for tCR as input, the machine will use that value for

all further calculations involving tcR.

If zeros are entered for tCR as input, the machine will equate tCR=typg,
and use this value for all further calculations involving tcRr.

Variation of Flow Direction

Location (1728) contains the control word F;FyBT, occupying the four left-
handed digits of the word.

To control flow direction:
=0 for upward flow

First Pass =
=1 for downward flow

Second Pass =/ = 0 for upward flow
= 1 for downward flow
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When only one-pass flow is used, a digit must still be entered into Fy.
(any digit)

Optional Calculation of the Ratio of
Operating to Burnout Heat Flux

Bf= 0 do not calculate
= 1 do calculate

Optional Calculation of Maximum Internal Temperature

= 0 do not calculate
T
= 1 do calculate

Input Format for the 650

Power Distribytion
The power distribution desired is taken from the Windowshade Program
(APAE Memo 88) output with no modifications. Cards numbered 2131xxxx32
through 2131xxxx46 are used.
Input Cards - L1

The input is punched into cards and loaded into the computer by use of the
L1 loading routine.

Problem identification number (PPPP) occupies the four left-hand digits
of location (1606).

Control word (F1F2BT) occupies the four left-hand digits of location (1728).
All other input is in floating point form.

Succeeding sets of input will be opera.t‘pd on by the computer - separate
input sets by a blank card. '

The location of the input may be found in TABLE I.
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1600
01

02
03

04
05
06
07
08
09

1610
11

12
13
14
15
16

17
18

19
1620
21
1622

(FRAT)CR
(FRAB)CR
CCq

CCy
T1n1

P

PPPP
Ry

Rt
(FRAT),
(FRAO)q
N1
(FRAT),
(FRA®),
Ny
(FRAT)g
(FRAB)g
N3
(FRAT),
(FRAS) 4
N4
(FRAT)g
(FRAY),

LOCATION OF INPUT

1623
24

25
26
27
28
29
1630
31
32

33
34

35
36

37
38

39

1640
41

42
43
44
1645

TABLE I

Ns
( FRAT)6

(FRAG)G

(FRAT)q
(FRAB) v

(FRAT) 8
(FRAG)g

(FRAT)Q
(FRA9)9

(FRA!I‘)10
(FRa6)10

(FRAT);
(FRA6),,

(FRz.\.T)12
(FRA6)12

(FRAT)13

-21-

1646
47

48
49
1650
51
52
53
54
55

56
57

58
59
1660
61
62

63
64

65

66
67

1668

(FRoO)13

N13
(FRAT);4
(FRA9)14

Ni4
(FRAT)15
(FRAS)15

N1s
(FRAT) 16
(FRAé')ls

Nis
Not used

(Ts)a.llow

(Favg) pg

(Floc) FE
(Favg)CR
(Floc)CR



1669

1670
71

72
738
74
75
76
7

78
79

1680
81

82

83
84

85
86
817

88

1689

Mcr
Hcr

Not used
icr

H. G.
Finst
nNFE
NCR
NFE

Not Used

1
A
sz

Not Used
k

2
P2
M2

WR1

TABLE I

LOCATION OF INPUYT

1690

91
92
93
94
85
86
a7
98

99
1700
01
02
03

04
05

06
07
08

09

1710

R2

Qr1
Not Used

Not Used

Not Used

-929-

1711
12
13
14

15
16

17
18
19
1720

21
22
23
24
25
26

27
28
29

1730

1731

ScR

tcr
Not Used

’
Wassum
C
M

(H.C.F.)Bo
(Pg)

(FRAe)maxFEl

maxy

Not Used

tsat
L X
Ay’

ke

km

(FRAB)WI(FE or CR)

Not Used
F1 F2BT

(P2) maxg

(FRAO)maxy

(FRAG) MaX2(FE or CR)



Output Format for the 650

All output is in floating point form .
Preceding each output set will be punched the input set that created it.

The first four digits of an output card contains the input identification
number (PPPP).

The sixth digit is either 1 for first pass angwers or 2 for second pass
answers.

The ninth and tenth digits contain the card count, starting with 01.

A listing of the output is contained in TABLE II.
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TABLE 11

OUTPUT FORMAT

Number CARD COLUMN
of 1—10 11——20 21 — 30 81 —40| 41— 50 | 51— 60| 61 —T70| 71 —80
Cards .
One or two pass flow
FIRST PASS
1 PPPP010001| WcR (Wy), W), | W), [(Wp)y | Bpg), | Tint,
R
1
- PPPP010002 WFEI WFEy WFE3 WfFE 4 WFE5 WFERI 0 0
Two pass flow only
SECOND PASS
1 PPPP020003| Wcg (Wi)2 (Wp)p | (Wp)y | (Wp)y | (RpQ)z | Tinty
R; - Ry
. : w. 0——0]0——0}0 0|0 0




Floating Paint Number Form

Number form:

Exponent + 50

/

Mantissa

XX XXXXXXXJ& +
Bxample:

- 0.00012345678 = 46 12345678 -
+ 12. 34567890 = 61 12345678 +

All zeros and signs must be punched,

The sign is punched over the last digit of each number, an 11 punch for
minus, a 12 punch for plus.

L1 Loading Routine

To use the L1 loading routine, the first word (cols 1 - 10) of each L1 input
card must specify the memory location that the first word of input (cols 11 - 20)
is to be stored into, and the number of words that are to be stored from that
card. The first word of an L1 input card would have the form

(00 LLLL 0000S)
where,
LLLL is the memory location of the first word to be stored.
S is the numberof words in'the card to be stored (0 < 8 < 8).

L1 input cards must hitve a 12 punched in ¢olg 1 and 10, and an 11 or 12
punch to indicate sign punched in the lagt column qf each word to be storeh
(11 = minus, 12 =plus)

Special Loading Requirements

In addition to the ordinary L1 requirements, it i8 necessary Ibr the opera-
tion of this program to punch zeros with signs into words that are ordinarily
blank on the L1 load cards. Do not change S.
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Operating Instructions
Input Deck
(a) Lovely I program deck.

{b) Specified axial windowshada power distribution (from 2131xxxx32
through 2131xxxx46). )

(c) Input load cards, each set followed by & blank card:
533 Read-Punch Unit
(a) Ready read feed with input deck.
(b) Ready punch feed with blanks.
650 Console
(a) Set programmed switch to STOP
Set half-cycle switch to RUN
Set control switch to RUN
Set display switch to PROGRAM REGISTER
Set overflow switch to STOP
Set error switch to STOP
(b) Set (70 1951 xxxx +) in storage entry switches.
(c) Press computer reset key
(d) Press computer start key

(e) When read hopper empties, press end of file key.

When the problem is completed the machine will stop with (70 1994 1250)
in the program register.

To load a new power distribution:
(00 0000 1350)

To load L1 input cards:
(00 0000 1395)
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To restart a calculation:
(00 0000 1250)

Programmed Stops

There is one stop instruction in the Lovely I program {01 0940 0940)
Power distribution cards out of sequence.

Stoppages may occur if the limits imposed by the use of SIR are exceeded.
In such cases, see SIR manual for explanation.

Calculation Time

For variance =3z 1.0OF

Time (minutes) . 035 (X) (R’t + 1)

+0.25 OF

For variance

Time (minuteS) = .04 (X) (Rt + 1)
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