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SUMMARY

This report deséribes the work performed by Acurex)Aerotherm during
Phase I of the Solar Industrial Hot Water Program. The period of perfor-.
mance was March 15, 1976 to December 15, 1976. The work was sponsored by
the U.S. Energy Research and Development Administration under contract
E043-1218.

The objectives of the Solar Industrial Process Hot Water Program are
to design; test, and evaluate the application of solar energy to the gener-
ation and supply of industrial process hot water, and to provide an assess-
ment of the economic and resource benefits to be gained. Other objectives
are to stimulate and give impetus to the use of solar energy for supplying
significant amounts of industrial process heat requirements.

~ The Solar Industrial Hot. Water Programs are divided into three
phases:

Phase I ~ — Detailed design and analysis of the solar energy hot
water system for incorporation into the selected in-j
dustrial process.

Phase II — Assembly and installation of solar energy hot water
system designed in Phase I on process line or machine. .

Phase IIl — Operation, data acquisition, analysis, and reporting.

. The body of this report has a brief overview of the different tasks
performed during Phase I. Appendix A to this report is a copy of the Pre-
liminary Design and Performance Report and Appendix B is a copy of the Energy
Reduction and Economic Analysis Report; both. of these reports have been .up-
dated since they were submitted in October 15, 1976. Detail drawings of the
Solar System appear in Attachment 2.



The Solar System described in this report'was designed for installa-
tion at the Campbell Soup plant in Sacramento, where the solar heated water
will be used to wash empty and full soup cans on a soup filling line.

The National Canners Association (NCA) assisted in the design plan
and the economic analysis of the system. NCA also assured that the design
was approved by all required regulatory agencies. '
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1. OBJECTIVES

_ The purpose of this program was to design-a solar energy system for .
generating industrial process hot water for the canning industry, and to
assure the. potential savings in money and resources of such a system. Spe-
cific objectives of the program were to:

° Review the process hot water requirements of the ;e]ected company ,
formulate selection criteria, and then select the process hot
water requirement to be met by the solar energy collection systems

® Select a process allowing a direct comparison between a solar
energy augmented system and the existing system

° Ana1yze the selected process in detail to define the requirements
for a solar energy system capable of providing significant quan-
tities of process hot water

0 Provide a conceptual design of the solar hot water system utiliz-
ing state-of-the-art solar energy components

e Provide a detail design of the solar hot water system using the
conceptual design as a baseline

e Provide a cost breakdown and schedule for building and install-
ing the solar hot water system at the selected plant

e Stimulate interest among members of the cénning industry in us-
ing a solar energy supported process hot water system

® Perform an economic analysis and comparison of both the existing
‘process and the proposed solar ehergy augmented system showing
the potential benefits of using solar energy

2. - PROCESS HOT WATER REVIEW

The plant selected for the design of a solar industrial process hot
water system was the Campbell Soup facility in Sacramento, California. The
total hot water demand for this plant varies between 500 and 800 gpm during
regd]ar production shifts, and hits a peak of over 1,000 gpm for épproximate]y
one hour during the cleanup shift. Most of the hot water is heated in the
boiler room by a combination of waste heat fecovery and low pressure (5 psi)



- steam-water heat exchangers. -The hot water emerges from the boiler room at
a temperature between 160°F and 180°F and .is' transported to the various pro-

cess areas

Booster heaters in the process areas then use low pressure

(5 psi) or medium pressure (20 psi) steam to raise the temperature of the
water to the 1eve1 required for each process (Figure 1)

" Hot water is used primarily at the Campbe]l Soup plant in the fo]]ow-
1ng processes:

1.

/
Vegetab]e B]anch1ngﬁ Rice and beans are blanched w1th water at

205°F. - There are three blanchers in the plant with a total de-
mand of 60 gpm of hot water. The process is seasonal.and dec11nes

'dur1ng summer months to make room for tomato processing.

‘Meat Preparation. Water at a temperature of 205°F and 210°F is

.used for the defrosting of meat. This is a batch process and re-

quires about 300 ga]lons per hour gaverage 5 gpm).

As a Product Ingredlent Many prdducfs require hot water as one -
of their ingredients. These are also batch processes and the

~water demand varies greatly from proceSs to process. It is es-
_,t1mated that between 100 gpm and 200 gpm of water are required on

the average for this- app11cat1on .

Can wash1ng. This is a contlnuous year round bperation which re-.
quires hot water at temperatures of 180°F and 190°F. There are

- 20 para]]el can washing lines, with both converted lines reqhir—

ihg 10 gpm to 15 gpm and unconverted Tines about double that
amount. . In converted lines, the hot water used for Washing the
empty cans is reused for washing the filled cans. In the uncon-
verted Tines, -fresh hot water is used for both processes. The
total demand for the can washing operation is appfoximate]y |
300 gpm. ‘ '

.. Hydrostatic Cookers. The hydrostatic cooker consists of two open

columns of hot water that balance the steam preésure in an en-
closed steam dome. The average temperature‘of'water in .the

- cooker is around 200°F and the total volume about 8,000 gallons.

The unit is drained and refilled once a week. It is refilled
with cold water and then heated by contact with the steam in the

.dome.

2.
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Di . E - :
irect Preheated High pressure steam
! contact - boilerfeed ‘
Well water 70°F heater ] Boiler » §
T | *
Condensate return Low pressure steam
: 5 .psi
Mech. Steam
drive turbine
Condensate Low pressure | steam 5 psi
‘ VVVVV \ e
Waste heat recovery exchanger steam 5 psi[~ —_ —_
Well water o Water heater I
HE 0o F e A AV ANV — ANV N\t To can
150°F | Booster heater washers
) ___.._____l 180°F - 195°F -
Medium pressure .
| steam. 20 psi Condensate
NeH water I ~ Can waéhing area
. Hot waste water 70°F |
To drain I
Figure 1. ' Water heating system at Campbell Sacramento plant.
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. Cleanup Operatioh; This opération demands the largest volume of

_hot water usage ‘in the p]ant. Cleanup usually takes place during

the third shift, when the hot water demand may be as high as

1,300 gpm for approximate]y an hour. The temperature of water drops
to 150°F or lower during these periods. In addition to this major
cleanup, there is a 4 to 5 minute cleanup period per machine evefy
hour during the regular shifts.

0f all the uses of hot water listed above, can washing was: best suited
for a demonstration of the feasibility of a solar hot water system. Of the 20

can ‘washing lines, lines U and V were parti¢u1ar1y:suited for this purpose.

This was true for the following reasons:

The can washiﬁg process 15 ideally suited for this experiment be-

. cause it offers 20 parallel lines for‘comparison.purposes. The
performance of two similar lines, one of which has been converted

to solar, can be carefully monitored and evaluated. The U line

- was selected for the solar demonstration and the V line, which is

located nearby, as the comparison line. -

Can washing has one of ‘the laryest demands for hot water in the
plant during the regular shifts. The demand for each line is
15 gpm, which is ideal for an experimental solar system to
handle. Fo]]qw%ng a successful experiment, other lines can

be converted simply without any need for major redesign of

the basic solar collector system. '

Can washing is one of the few processes which requires a continu- -

- ous supply of hot water. Batch processes, for which the demand is

discontinuous, would require a larger storage system for the hot
water. In addition, monitoring of flowrates, temperatures, etc.
of batch processes would require more sophisticated equipment to
measure- and record the variations. Evaluation of results and
compar1sons would also be more difficult if the variations in de-
mand for hot water were irregular. -

The location of the U-and V lines in the plant is -ideal for a
solar application. The control system and data acquisition system



can be instél]ed in a stairwell directly outside the washdown
‘area. The storage tank can be placed either in the courtyard or
- parking lot in the immediate vicinity.

o The temperature level required for can washing is lower than that
réquired for many other processes. This tends to minimize prob- |
lems of heat loss in the piping and the storage vessel. The ef-
ficiency of the solar collectors is also higher at lower fluid
temperatures. '

. Thé'Campbe11 plant changes over to tomato pfocessing during the
harvesting months of August and Septqmber. When this happens,
Tines U and V change over to tomato soup and run identical pro-
ducts during these months. During the rest of the year, the
can size and production rate is the same for both lines, but
line U protesses chicken noodle soup whereas line V processes
beef noodle soup.

3. ANALYSIS OF SELECTED PROCESS |

The can washing devices are quite simple in operation. Empty cans
are conveyed through the washers on six metal rails which form a cage. The
empty washer itself is a sheet metal enclosure approximately 8 feet long;
a water supply tube with a series of eight nozzles is located along one lgwer
corner. As the cans pass through the washer, the rail cage is twisted
through an .angle so that all surfaces of the cans are exposed to the fixed
streams of hot water. ‘

For the converted lines, the hot water which drains off from an empty
_can washer flows into a sump below a filled can washer. Part of this water
is fed with detergent and sprayed into the first section of the washer through
a bank of 18 nozzles.  The remaining hot water from the sump is then used to
rinse off the filled cans in the second section of the washer which is equipped
with 19 nozzles. A schematic diagram of the can washing process. is shown in
Figure 2. ‘

~ The hot water supplied to the can washing line must meet the follow-
ing requirements:
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Figure 2. Can washer confiquration.



Flowrate: A continuous supply of hot water is required at the
rate of 12.5 gpm

Pressure: The supply pressure must be >60 psi

Temperature: 180°F to 195°F

The can washer must be supplied with hot water during the first two
'shifts ‘and partly during the cleanup shift, but not during the 4- to 5-minute
cleanup period every hour. The plant normally operates 5 days a week, except
during the harvest season, when for 4 to 6 weeks the'plant operates 6 days a
week. The plant is shutdown for 2 weeks beginning June 18th and for 1 week
at Christmas. '

The design, construction and installation.of machinery and equipment
for the food industry is regulated by a number of agencies. The major regula-
tory agencies and standards which affect the design of a solar collector for
hot water in the canhing industry are listed below:

Food and Drug Administration (FDA), Good Manufacturing Practice
Regulation, Part 120 — Sanitation, April 21, 1969

United States Department of Agriculture (USDA), Accepted Meat and
Poultry Equipment, June 30, 1974 '

American National Standards Institute (ANSI), Food, Drug, and
Beverage Equipment, ANSI-ASME, F 2.1, 1975

Environmental Protection Agency (EPA), National Interim Primary
Drinking Water Regulations; December 24, ]975

Codified Federal Regulation (CFR), Title 9, Chapter III — Animal,
Plant Health Inspection Service, October 3, 1970

OSHA

The regulations covering food processing equibment are quite detailed
and complex. For the purposes of supplying hot water for the can washing
operation, the important constraints can be summarized as follows:

_Material. Equipmént'in the food area must be constructed of ma-

terials which prevent deterioration from normal use and from chem-
icals, cleaning agents, and atmospheric exposure in the normal
production environment. They must be smooth-surfaced,



corrosion and abrasion resistant, shatterproof, nontoxic,: non-
absorbent, and must not strain or migrate to the product.

e Design and Construction. A1l equipment in the food area must be
designed and built to be readily cleanable. The design and con-
struction of such equipment must prevent food from being contam-

inated with lubricants, fuel, metal fragments, glass, contamin-
ated water, or any other foreign substances. Culinary steam, pro-
cess air, and water are not excluded from this requirement.

e Installation. All parts of stationary or not readily removable

equipment must be installed far enough away from floors, walls,
and ceilings to provide access for cleaning and inspection. As
an alternative, permanently mounted equipment may be sealed with
a watertight seal to the adjacent structure. Wall-mounted cabi-
nets and electrical connections must be installed at least 1 inch
from the wall or sealed watertight to the wall. '

o General Safety Considerations. A1l machines must be designed and
built w1th materials which will provide adequate safety and pro-

tection for personnel.

USDA approval is required before any new equipment can be in-
stalled in the plant. Four copics of complete drawings and plans,
including a 1ist of materials, along with a letter'requesting ap-
proval was submitted fo USDA during Phase I of the program.

4. CONCEPTUAL DESIGN

After inspecting the Campbell Soup Sacramento plant, three potential lo-
cations for the collector field were identified (Figure 3). Area 1 is lo-
cated on the roof of the finished product warehouse.  The administration
bu1]d1ng and portion of -the labeling bu11d1ng makeup area 2. Area 3 is é
grass field.

In choosing between these three possible 1ocaf1on<, four main criteria
were used:

e Minimal co]]ector field shading by bu11d1ngs

e Cost of 1nsta11at1on
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e Accessibility
e Campbell corporate approya]

Table 1 summarizes the advantages and disadvantages of each of the
potential locations. Both locations 1 and 3 are free of shading problems
~from buildings or other existing structures. A typical afternoon shading
of area 2, however, shows that collector output in this Tocation would be
affected by shade from the surrounding bu11dyggs (Figure 4).

When cost of installing the collector field in each of the candidate
locations was est1mated, it was found that the cost would be Towest in |
location 1. This, along with the many other advantages, resulted in the
selection of location 1. This choice has been approved by Campbell.

Once area 1 was chosen, a study was made of,the various ways of in-
stalling the collector field to minimize mutual shading effects. A typical
sun path diagram for each month of the year was made for the'different con-
centrator mounting arrangements in order to determine times of the day in
which mutual shading reduces the incident energy by either 0 to 50 percent
or 50 to 100 percent. As shown in Figure 5' a mounting configuration was
chosen in which mutual shading of the co]]ectors occurs only early in the
morning or late in the afternoon. At these times, the useful energy loss is
negligible. The effect of finite through length (end loss) upon the collec-

table energy was 1ncorporated into ‘these evaluations.

Once the optimum mounting arrangement had been determined, a collector
field analysis was performed to identify the field size and mix of concentra-
tors and flat plate collectors which would be required for Sacramento weather
conditions. Weather data from both Fresno and Davis,* California were ob-
tained from the National Oceanic and Atmospheric Administration (NOAA).

These data were compared to the statistical correlation procedure of Liu and
Jordan (Reference 1) and good agreement was obtained. Statislical clearness
parameters (Reference 2) and collector performance specifications were then

used to figure the hourly useful collected energy for selective flat plates,

—
~Davis is about 15 miles from Sacramento, California.
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TABLE 1.

COLLECTOR FIELD LOCATION ASSESSMENT

Advantages

Disadvantages

Skylights provide some of
required support structure

Expansion area available
Minimal building shading
Maintenance

Lowest installation cost

Slightly longer pipe run
than Tlocation 2

Roof leakage

Shortest pipe run

Building shading

Multiple roof locations
are required

Roof leakage

Location
Finished Products °
Warehouse
°
®
o
0
Dffice and °
Labeling
3uildings
Corner Lot ®
°
°
°

No building shading
problems

Ease of maintenance

Roof leakage is not a
problem

Readily accessible for
visitors

Expensive and time con-
suming installation

Requires fence — vandalism
Dust from passing traffic

Future parking lot
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nonselective flat plates, and east-west axis tracking concentrating collec-
tors.* This combination of statistical data was then averaged to obtain
monthly and yearly average useful energy as a function of co]]ector inlet
temperature minus ambient temperature.

Next, the cost effectiveness of collector options was evaluated.
Seventy-one collector manufacturers were surveyed to obtain cost and perfor-
mance data on the three major types of solar collectors.

This survey produced the following results:

~$10/ft?
>$12/ft?

e Flat plate, single glazed, nnnselective

e Flat plate, single glazed, selective

e Parabolic trough concentrating >$12.50/ft?

Figure 6 shows the June collectable energy for each of these types of
collectors, divided by their cost. The nonselective flat plate collector is
clearly more cost effective than the selective flat plate up to a temperature
difference (collector inlet-ambient) of approximately 67°F. However, at a
slightly lower temperature difference, the concentrator has economic advan-
tages over both types of flat plates. These calculations prove that the
collector field should be composed of nonselective single glazed flat plates
and parabolic trough concentrators.

Based on the June average useful energy curves, the collector field
was sized to satisfy the design requirements with several different mixes
of flat plates and concentrators. For each of these field mixes and sizes,
the amount of useful energy which could be collected, based on ambient weather
conditions and system operation characteristics on a yearly basis, was determined.

Figure 7 shows the results of these calculations in terms of useflul
energy per unit cost as a function of colleclur field mix, AC/AT, where AC
is the area of concentrators and AT is the total field area. As this figure
shows, the optimum field size occurs at a mix of 40-percent concentrators
and 60-percent single glazed nonselective flat plates. The total collector

*
By using existing skylights (25° tilt angle, south facing) as a support
structure for flat plates, the installation cost for the flat plate col-
lectors could be reduced. Even though this tilt is not optimum, perfor-
mance loss is minimal.

14
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area needed to supply the plant's hot water requirements on a typical June

day is about 6,620 ft? according to the efficiency curves assumed.for the
‘study. It should be noted that as the ratio of concentrators to total field
area varies, the total collection area required to supply a fixed amount of
energy also varies. This is due to the efficiency differences between the flat
p]ate and the concentrating collectors. .

The TRNSYS computer code (Reference 3) was substantially modified to
more accurately simu]ate the performance of the process hot water system for
the Campbell Soup plant. System simu]ations wefe performed using actual
weather data for Fresno adjusted to reflect the daily total radiation
1eve1$ and.ambient~temperatures for Davis, California. The results of

.. these simulations substantiated the fact that the collector field size and

mix identified in the above analysis is the optimum for this application.

4.1 Storage

Two basic types of controls were evaluated for the storage tank:
strafified and accumulator. With stratified control, fluid is removed from
the bdttom of the storége tank, circulated through the fier, and returned
to the top of the tank.. Hot water for can washing would be supplied from
the top of the tank, and makeup well water would enter the bottom of the
tank.

With accumulator control, cold wei] water enters the collector field
direct]y, passes tnrough the field once and enters the top of the tank.
‘A floating suction removes water for can washing from the top of the tank.
' in'order to collect energy 7 days a week an accumulator volume of 20,000
gallons is required. For this control option, the flowrate through the
field is a prbgrammed function approximating the'daily insolation profile.
The iﬁtegrated mass flux is equal to 5/7ths of the total weekly can washer
. demand, which allows weekends to be used for rep]gniﬁbing the water in the
accumulator tank (Figure 8). The profiled flowrate maintains the collector
field outlet temperature at 195°F on a peak June day throughout the entire
daily collection period. ‘

17
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To determine which type of control provides the most useful energy
to the can washer, transient system simulations were performed for three
different stratified tank sizes and a 20,000 gallon accumulator tank. The
results of these simulations, presented in Figure 9, show that for a given
field size and mix, the accumulator is most cost effective. For this rea-
son, a 20,000 gallon accumulator storage tank was selected.

A Tocation for the storage tank was chosen near the can washing line,
where it will be easy to install and maintain. Because of the short distance
from the tank to the can washer; water temperature and pressure drops are
minimal. Figure 10 shows the Tocation of equipment in the Campbell Soup
plant. Figure 11 is a schematic of the system.

4.2 Control Philosophy

The decision to use accumulator control was made on the basis of the
results of collector field and storage tank optimizations. Since the can
. washing Tine only operates 5 days a week and -useful energy will usually be
collected for ai] 7 days, a storage tank will be used. The tank will be
© virtually empty after Friday's second shift and will be filled with hot water
by Sunday evening (Figure 8). ' ' ‘ '

The flowrate through the collector field will vary throughout the day.
A programmable controller will adjust the flowrate in a predetermined manner
to approximate the incident energy. The total integrated daily mass flow
will be equal to 5/7ths of the week]ykwasher demand. This program will be
changed monthly to account for changes in the length of the day.

4.3 Annual System Performance

A transient computer simulation of the entire solar process hot water
system was made. A modified version of TRNSYS (Reference 3) was used in this
analysis, with weather data from NOAA for Fresno, California adjusted for
differences in daily total radiation between Fresno and Davis, California.
Since neither Fresno nor Davis record beam radiation, the methods of Liu and
Jordan (Reference 2) were used to estimate the beam component from the total
radiation data. The percentage of the hot water for the can washer which '
will be supplied each month by solar system is shown in Figure 12. This sim-
ulation shows that approximately a 70-percent solar substitution will result

from the base}inefsystem design.
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5. DETAIL DESIGN

A detail design was developed to integrate the subsystem components
selected in the conceptual design into a final design for supplying solar-
heated hot water to can washing line V. The detail design package was
generated: (1) to provide specifications for installing the system at the
Campbell Soup Company's Sacramento Plant with approval from Campbell Soup
Company and ERDA; (2) to obtain USDA approval for the design; (3) to gener-
ate fixed price cost estimates for the installation of the system (Phase II);
and (4) to estimate the operating and maintenance cost of the system (Phase
III). A brief description of the overall solar water-heating system follows.

The collector field is located on the roof of the finished products
warehouse of the Campbell Soup Sacramento plant (Figure 13). Water is sup-
plied from a 1-1/2-inch supply line which is located directly below an ex-
isting roof access hatch. A supply pipe will be brought up through that
hatch to supply the dual rows of flat plate collectors.

The water preheated by the flat plates is then passed into six sets
of parallel connected concentrators. Each set consists of eight 6 x 10 foot
modules connected in series. The water from these units is gathered in a
1-1/2-inch insulated pipe and transported to the storage tank. This pipe
will be attached to an existing pipe run until it reaches the can washing
building. From there the pipe will follow the can washing building around
to the storage tank. Figure 14 gives the details of the field layout.
Figures 15 and 16 show a typical installation of a concentrating collector
and a flat plate collector.

The storage tank is a 19,200 yallon steel tank which 1s coated inter-
nally with a USDA approved phenolic liner. The outside of the tank is insu-
lated. A 3-hp motor is used to pump the stored water from the tank into the
can washing line.

The pipe carrying solar-heated water from the storage tank will pass
into the can washing building through a plastic windowpane. The water will
go through a steam heat exchanger to be brought up to its required use tem-
perature. In order not to waste energy from the solar cd]]ector system,
the collector field has been sized to supply exactly the required amount on
a peak June day. The heat exchanger will therefore be used most of the year

24
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Figure 13.

Flat plate and concentrating collectors on selected
roof site.
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to augment the solar system. After it has gone through the heat exchanger,
the hot water will be routed to both lines U and V. Electrically operated
solenoid valves will control which line is used and whether the solar or
existing hot water system is utilized. Table 2 gives a summary of the sys-
tem components and. process conditions. Figure 17 shows the storage tank and
can washer interface. |

The control system has been kept as simple as possible, while still
‘allowing for contingencies such as can filler downtime, temperature over- -
heat, froét, power failure, and tank overflow. The control components are
standard, commercially available parts which will be assembled to perform
the required control functions. Special control functions will be based on
temperature inputs from measuring points in the system. Normal flowrate will
be controlled by a cam-operated program based on a variable flow value.
This program will be changed each month . Figure 18 shows the control system
schematic. o

Data will be collected and handled in several ways. First, data will
be collected at the site and stored on magnetic tape for computer reduction,
plotting, and analysis at Acurex. In addition, selected data will be avail-
able for the IBM data storage unit and transmitted by phone to the central
data facility at Huntsville, Alabama. Finally, data can be printed out in real-
time at. the site for use in making field adjustments. Also, all abnormalities
in the system will be recorded on the wkjtten record so that‘they may be
given immediate attention.

5.1 Roof Loads

An analysis was made of the roof support structure of the Campbell
Soup plant to make sure that the roof could support the weight of the coi-
lector field and associated hardware on the roof. The analysis took into
_account both the weight of the collector field components and the Toad from
the wind expected in the Sacramento area. The velocity pressure for the
installation was determined using the method outlined in Reference 4. The
actual windloads are shown in Tables 3 and 4. These load$ were calculated
using velocity pressure of 25 psf instead of 15 psf as specified in Refer-
‘ence 4, in order to insure an adequate safety factor for the installation.
Based on this wind pressure analysis, the mihimum safety factor for the
Campbell Soup_structure is 1.67.
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TABLE 2.

SYSTEM COMPONENTS AND PROCESS CONDITIONS

Equipment

s Flat Plate Collectors

Total Area

Absorber Area
Area Ratio Absorber/Tota]

4698 sq. ft.
4134 sq. ft.
0.88

"Absorber Coating — nonselective, 3M brand Nextel black ve]vet coating.

Absorber Plate — 0.040 aluminum p1ates swage fitted over copper tubing.

Glazing — low iron-tempered glass 0.125-inch thick.
Insulation — bottom, one layer of 1.0-inch thick fiberg]ass,jnsulation

and one layer of 1.25-inch thick isocynate foam.

— sides, one layer of 1.0-inch thick fiberglass insulation
Housing — extruded aluminum sides with bottom plate.

o Concentrating Collectors

Total Area
Type

Concentration Ratio

Rim Angle
Aperture

Length Per Unit

2880 sq. ft.
Tracking

35

90°

6 ft.

10 ft.

Slew Rate '90° in 5 min.

Receiver Tube
Coating black chrome over

: nickel plate

CSize . 1.250-inch o:d.
Material "copper tubing
Cover pyrex glazing

e Accumulator Tank f
Total Volume 19,200 gal.
Height 24 ft.
Diameter ‘ 12 ft.
Material steel with PLACITE
. 3055 baked phenollc

1ining.
Insulation -~ fiberglass 6 inches
- - thiek with aluminum
cover, ‘
"® Transfer Pump

Head - . o 200 ft.
nggcity 15 gpm
‘Material . bronze fitted

Type regenerative turbine

30
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TABLE 2. Continued

Model ) Wesco CK610
Manufacturer . Fairbanke Morse
Motor’ 3 horsepower
"o Heat Exchangef ]
. Service:. . heating potable
' : : . water .
Temperature Rise 70°F to 200°F
Flowrate ~ » 15 gpm
~ Tube Side 4 : . potable water
Shell side steam @ 20 psig
Heat Transfer 41 sq. ft.
Surface Area i )
Fouling Resistance 0.0005 shell .side
. . 0.001 tube side
Material
Tube co Admiralty .-
Shell - ‘ Red Brass
Bonnet Cast Iron
Size 9-3/4-inch o.d.
’ x 19-inches long
Model ' ' HCF-C 08024
Manufacturer American Standard,
. Heat Transfer Div.
o Piping v
Material ~ Sch 40 galvanized steel
Size ‘ :
Field inlet 1-1/2 inch_
Field outlet to 2 inch
Accumulator Tank
Concentrator inlet 1 inch
~ and outlet
Flate Plate Collectors ) 1 inch
Accumulator Tank © 1-1/2 inch
to canning 1ines B
Connection to 3/4 inch
canning lines
e Flowrates ; .
. Normal Augmented
Field Total . ,
June Var. - 1-21 gpm 28 gpm max.
December 5-22 gpm 28 gpm max.
Concentrator Array 4.7 gpm max.

3
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TABLE 2. Concluded

Flat Plate Array
10.5 ft. Array
16.5 ft. Array

e Pressure Dfop

Field — Overall '

Field OQutlet to
Accumulator Tank

Concentrator Array

"~ Flat Plate Array.

., 16.5 ft. length
10.5 ft. length

Accumulator Tank
to Can Washer

Pressure Drop Across
Nozzle at Can Washer

5.3 gpm
8.8 gpm

35 psi
17 psi

15 psi

18 psi

18 psi
30 psi

60 psi

max.
max.

max.
max.

max.
max.
max.

max.

max.

T-60
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TABLE 3.

SUMMARY OR LOADS FOR FLAT PLATE
COLLECTORS MOUNTED ON ROOF

Item (a): Loads for 16.5 ft. collector mounted
on typical monitor
Pointd Deadload Windloads Horizontal Vertical
Acting Down (Directions as shown) Windload Windload
A 900 1b 1300 1b
B 1760 1b 3145 1b
C 28 1b/ft 93.3 1b/ft
D 800 1736 1b 1691 1b
E 144 948 1b
Item (b): Loads for 10.5 ft. collector mounted
on typical monitor j
o) Deadload Windloads .
Point Acting Down (Directions as Shown) Horizontal Load
1810 1b 1510 1b 883 1b
35.2 1b/ft 151 1b/ft
900 1510 1b 667 1b
%Refer to Figure 19 for location point of loads.
b

A11 Toads take place in plane on both-'sides of monitor except for

point C which gives distributed l1oad along existing monitor for
reference. '

CDeadloads are additional loads due to collectors and mounting

structure.

Windloads for Item (a) are total for the monitor.

Windloads for Item (b) are additional due to collectors mounted
between monitors.
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TABLE 4. SUMMARY OF FORCES ON CONCENTRATING COLLECTORS MOUNTED ON ROOF

Sawtooth Positiona’d Roof Va]]eyb Parapet wan®
Condition - -
R R R, =R R R, - =R R R = R
AY .BY BY BX . . AY BY X B AY BY B
(RB ) Wind 1062 2079 137 560 2058 806 2909 -1270 1195
Y max
(RA ) From -1563 175 894 -1518- -20 806 -2653 1654 1065
Y min ) '
RA = RB = Max South -856+192 1828192 1315 -873 1413 1315 1497 -2139 1315
Y Y :
(RB ) Wind -1485 -576 -137 -20 -1518 -806 -2485 1926 -1195
Y min :
(RA ) From 2049 419 -894 2058 | 560 "~ -806 3309 -lggg«\ -1065
Y max . . - . ' Ji
RA = RB = Min North 1342£192 1828+192 -1315 1413 -873 -1315 - 25424253 -2002+253 -1315
X X
Maximum Total -940£192 =1150+192 0 -1045+126 -1045+126 0 -1270+253 | -820+253 0
Upward Force .
Maximum Total 1426+192 17442192 0 1585+126 1585+126 0 1926+253 12444253 0
Downward Force . .

3prawing 7234-030 Shaet 5
Borawing 7234-C30 Sheet 4

“Drawing 7234-030 Sheet 3

dSee Figure 20 for application point of 1oad‘
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_ Figure 20. Force diagram for.conténffating.éoT]ectors mounted on roof.



After all windloads and deadweight loads were tablulated, Aerotherm-
employed the structural consulting firm, of Bueh]er Co]e Yee & Schubert
(as spec1f1ed by Campbell Soup) to analyze the roof structure to determine
its capability to handle the added 1oads, The .consulting firm verified the
adequacy of the warehouse roof structure, as shown in.Attachment 1.

6.  ECONOMIC ANALYSIS

" An economic analysis was performed to compare the energy cost before
taxes of the Acurex solar hot water system to a conventional fossil fuel
system. The method outlined in the Lawrence Livermore Laboratory memorandum
of 10 August'1976 (Reference 5) was used for the analysis, except that a
value of 0.65 rather than 0.7 was used for boiler/end-use efficiency. The
Acurex FPS computer code was used to perform the economic analysis for the
- Campbell Soup Sacramento, California plant and two "fiducial" locations
(A1buquerque, N.M. and Omaha, Nebraska) as delineated in Reference 2. The
analysis was made twice — once using nd fuel cost escalation, and once using
a five percent annual fuel cost escalation for all three locations.

The results of the analysis (Tab]e 5) show that with no fuel cost
escalation, the payback is in excess of 20 years and the rate of return is
negative for all three locations. Furthermdre, using a 5 percent fuel cost
.escalation does not significantly affect the payback period or the rate of
return

In addition to this analysis, the economics of the Sacramento Campbell
Soup installation were further examined using canning industry guidelines and
antlcipated component cost reduct1ons to determine the effect of these factors
on the payback period and rate of return. Factors taken into account in-
¢luded anticipated reduction in component costs, estimated fuel cost escala-
~ tions for California, an increased Federal investmeht'tax credit, and an ac-
celerated depreciation method. It was assumed that these factors will apply
by 1980 and that they represent a realistic estimate of the economic con-
ditions which will affect the proposed solar hot water system in the near
future. Table 6 is a summary of the results.

The analysis showed that the results obtained using industry assump-
tions do not differ significantly from the results obtained with ERDA guide-
lines. The payback period is still greater than 20 years and the rate of
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TABLE 5. ECONOMICS O- CAMPBELL SOLAR HOT WATER SYSTEM: ERDA ANALYSIS
) a $B?f8reMTa?$Eosts) ;P b b oRC
% Total Energy /1000 MJ MBtu ayback ROR
Location Total Investment, $ Supplied by Solar Years y
. Conventional Solar Solar Only .
Nofwltmtenahﬂom'
Albuguerque 260,951 85 (4.18) (16.38) | (18.16) >20 -1.0
" Omaha 260,951 58 (4.18) (17.45) (26.61) .>20 -2.4
Sacramento ‘ 299,733 ' 77 (4.18) (18.93) (22.95) >20 -1.8
With 5 percent fuel cost . '
escalation compounded annually: ' ‘
Albuquergue 260,951 85 (5.87) (16.83) | (18.16) 17.9 1.3
Omaha 260,951 58 (5.87) (18.16) .| (26.61) 520 " -0.5
Sacramento - 299,733 77 19.6 0.2

:(5.87)

(19.32)

(22.95)

31otal annual energy fequ1?elnnt at the can washer = 2.36 x'io‘z'negéjdules (2.8 x 10° Btu)

b

Payback is based on net cash flow after taxes

CROR — minimun rate of return on the net cash flow after taxes for 20 years
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TABLE 6. [ECONOMIC ANALYSIS: SACRAMENTO, BASED ON ANTICIPATED COST REDUCTIONS AND INDUSTRY ASSUMPTIONS

T-63

7.33.

: . Before Tax Costs b c
. % Total Energy? . Payback, ROR
Location | Total Investment, $ Supplied by Solar - $[1000 MJ (SMBtu)_ Years "
-1 Conventional Solar | Solar Only J
o Industry Assumptions: 0
Sacramento with 0.51 ’ 299,733 - 77 5.13 18.19 21.88 . >20 -1.3
tax rate, accelerated . . :
depreciation, and
California fuel cost '
' escalation of 3.4%
e - Anticipated Cost
: Reduction: . . o )
- Sacramento 188,220 o 77 5.55 10.72 11.88 15, 2.8
Sacramento : 112,9208 ‘ 7. . '5.55 7.22 1.2 6.5

2otal annual energy requirément at the can washer = 2.8 x 10° Qtu‘

bPayback is based on net cash flow after taxes

CROR —-m1n1mum rate of return on th2 net cash flow after taxes for 20 years

9an installed <cost of $25/ft? based on 7578 ft2

€An installed cost of $15/ft 2based on 704 m? (7578 ft2)-



return is slightly negative. On the other hand, adding realistic system
cost reductions to the analysis shifts the results in favor of the solar
energy system: Table 6 shows that reducing the system cost has a signifi-
cant éffect on both the payback period and the rate-of-return. Reducing the
system cost to $188,200 ‘(a 40-percent reduction) reduces the payback period
to 15 years and gives a positive 2.8-percent rate-of-return.as compared to a
payback period exceeding 20 years and a negative rate-of-return for the
prototype system.

7. TECHNICAL TRANSFER TO INDUSTRY

The dedicated support Acurex has rece1ved dur1ng Phase I of the pro-
gram"from the.Campbe]] Soup Company, both the Sacramento Plant engineering
_staff and their Corporate Headquérter staff at Camden, New Jersey, and the
National Canners Association (NCA) has'stimulated interest in the canning:
industry in the use of solar process hot water systems. Campbell Soup
Company has already begun an internal program to cut down energy consumption,
and is enthus1ast1c at both the corporate and regional plant levels about the
poss1b111t1es for solar process hot water.

The National Canners Association br1ngs to the project a direct link
to an entire industry which is a potential user of solar hot water processes.
The canning industry is a major consumer of process hot water, and is an ag-’
gressive industry seeking ways to teduce its energy consumption. NCA repre-
sents nearly 600 member companies in the business of canning food for human
consumption. Participation\of NCA personnel in éVery phase of the project —
and particularly in process design, process economics, and information dis-
‘semination —-wi]]lguakantee that the experiment is relevant to the industry
and. that the industry will learn about the results.
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‘BUEHLER, COLE, YEE & SCHUBERT

STRUBTURALENﬁluEERS INC.
N8 Alhambra Boulevard = Sammnw. Califomia 95816 = m-sm

October 13, 1976

DonaldR. McCullough

Contracts Administrator

Acurex Corporation

485 Clyde Avenue

Mountian View, Callfornla 294042

'Subject: Building W-8, Campbell: Soup Ccmpany
Sacramento, California
BCYS Job No. 173-~76

Dear Don:

This office has reviewed the drawings submitted by you as
listed on your letter dated September 27, 1976. We have
analyzed the plans for existing loads in addition tc the
proposed new loads applied as a result of installing
solar collectors on the roof. This is to certify that
under the conditions as déscribed in the listed drawings,
that the existing framing will be adequate to handle the
loads.

Very truly yours,
ie R. Yee

BUEHLER, COLE, YEE & SCHUBERT
Structural Englneers, Inc.

JRY/jb

cc: L V'«\avn\
e. LA ‘S."\ge(
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"~ ATTACHMENT 2
INSTALLATION AND DETAIL DRAWINGS
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SECTION 1
SUMMARY

This design and performance report describes a solar hot water system which has specifically

been designed for installation at the Campbell Soup Plant in Sacramento; California.

This'report includes detail drawings and descriptions of the collector field, installation,
piping, controls, data acquisition equipment, and roof structure. Fﬁfthermore; a program schedule
with equipment and manpower costs for successfully completing Phase II of this contract has been '
included. Also included is an organization chart of the Phase Il proéram personnel. The personnel

involved during Phase Il will be same as those supporting Phase I.

The economic analysis and energy reduction analysis is included in the Energy Reduction Anal-

ysis report CDRL/PA 5 published under separate cover.

The Campbe]] Soup Company's Sacramento plant was selected for the installation because it
has many advantages over other plants for the experimental fnstal]ation of a solar heated hot water
system. In this respect, the Sacramento plant is.quite unique and assures a high degree of success
for the program. For example, the energy demand for the selecied can washing line is uniform year
around a steady 2 shifts 5 days a week. An identical can washing line exists directly adjécent
to the selected line which can be used for comparison with the solar converted line. The can
washing process selected i§ also ideal for the solar experiment in that it can easily be converted
‘to solar witHout Ehanges having to be made to the process equipmen;. The only physical interface
between the existing equipment and the solar_hardware is a simple "T" connection in the hydraulic
supply line and control wires to a flow control valve. After the installation, either the existing

system or the solar system can supply the hot water to the can washer.

The size of the Sacramento facility not only allows for the proposed installation, but could
accommodate future expansions of the solar equipment so that all 20 can washiﬁg lines could. be solar
heated. The roof selected for the field is well suited for solar collectors, for it contains a
series of saw-tooth shaped sky light§ which make good supports for the flat plate collectors and it

has flat areas between the sky lights which are well suited for the concentrators. The layout of
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-the plant further allows for the placement of the storage tank directly outside the can washing

building and for the location of the control and data acquisition.equipment on a stairway landing
directly adjacent to the can washing line. This area is separated by a closed door from the high

noise and humidity environment which exi;ts in the can washing areaf

The biggest advantage with the selected location has been the dediéated SUpport Acurex has
enjoyed during the design phase from both the Sacramento Plant engineering staff and the Campbell
Soup Corporate Headqua}ters Enginéering Staff at Camden, New Jersey. Drawings; designs, installa-
tién procedures, and the installation pfocurement Specification wefe all reviewed by both staffs, |
Comments and suggestions made throughout fhe design phase have been most helpful as has the large
amount of informatidn'relative to the planf's energy requirements and uses. Furthermoré, it has
become apparent that a successful installation of experimental equipment cannot be made withodt a
plant's full cooperation: Nor can a successful installation be made without using subcontractors
whn are familiar with the plant. For this rcason the majoi subiunlraclur why will be dulng the
installation wdrk has been picked from one of three which were recommended by the Sacramento

engiheering staff.

The Acurex designed system is quite simple compared to solar systems used for space heating
or cooling. For example, there is no recirculation through thevsystem; but only a single pass with
the water used for the can washing. Storage is done with a simple accumulator tank so that eneréy
collected during the weekend can be used during the week. With this type 6f system one always usesb
all the collected energy. The énergy is collected at the highest collection efficiency since the
incomihg‘water is always well temperature; and the Btu's cbl]ec;ed per dollar of equipment is there-

fore maximized.

To further maximize the collection efficiency a dual collecfor'type field -is used for the de-
sign. Initial heating of the water takes place in the flat plates and the final heating to occur
in the concentrators. The percentage mix of each type was determined by optimizing the average

yearly collected energy by using the flat plates in the temperature region where they are most ef-

fective and using the concentrators in the region where their efficiency exceeds the flat plates.

For the purpose ot defining the system details in the report, the system has been divided

into:
e The collector field

o The storage system



e The can washer interface

e The control system

® The data acquisition system
e The installation

Each of these components is then further divided and described in detail in Section 3. Section 2

describes the design requirements and approach.

The following briefly describes the system. The collector field is located on the roof of the
finished products warehouse of the Campbell Soup Sacramento plant (see Figure 1 and la). Water is
supplied from a 3.8 cm (1-1/2-inch) supply line which is located directly below an existing roof
access hatch. A supply pipe will be brought up through that hatch and connected to the input of

each flat plate collector array.

The preheated water from the flat plates is then passed into six sets of parallel connected
concentrators. Each set consists of eight 1.83 x 3.05 m (6 x 10 foot) modules connected in series.
The water from these units is gathered in a 3.8 cm (1-1/2-inch) insulated pipe which transports it
to the storage tank. This pipe will be attached to an existing pipe run until it reaches the can
washiﬁg building. From there the pipe will follow the can washing building around to the storage

tank.

The storage tank is 75,200 1 (20,000-gal) steel tank which is coated internally with a USDA
approved phenolic liner. The outside of the tank is insulated. A 2.2-kw (3-hp) motor is used to

pump the stored water for the tank into the can washing line.

The pipe entry into the can washing building will be through a plastic windowpane. The
water will be passed through a steam heated heat exchanger so it can be brought up to its required
use temperatures. In order not to waste energy from the solar collector system, the collector field
was sized to supply exactly the required amount on a peak June day. The heat exchanger will there-
fore be used most of the year to augment the solar system. The hot water pipe will be routed to both
lines U and V. Electrically operated solenoid valves will control which 1ine is used as well as

whether the solar or existing hot water system is ytilized.

The control system has been kept as simple as possible, while still allowing for contin-
gencies such as can filler downtime, temperature overheat, frost, power failure, and tank overflow.
The control components will be standard commercially available parts assembled to perform the re-

quired control functions. The special control functions will be based on temperature inputs from
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measuring points in the system. Normal flowrate control is based on. a variable flow value which

will follow a cam operated program. This program will be varied each month.’

Data will be collected and handled in several modes. First, data will be collected at the
site and stored on magnetic tape for computer data reduction, plotting and analysis at Acurex.
Secondly, selected data will be available for the IBM data storage unit and transmitted by phone to
the central data facility at Huntsville. Thirdly, data can be printed out in realtime at the site
for use in making field adjustments. Also all abnormalities in the system will be recorded on the

written record since this may require immediate attention.

Installation of a system of the maynilude presented in this report must be carefully consid-

ered. Major considerations related to the selection of the construction contractor are:
@ Use subcontractors which are familiar with the plant
e Use union labor which is consistent with plant policy

e Make a single contractor responsible for the installations so that no gaps of responsi-

bility occur which delay the completion of the system approval by the plant management

Acurex has submitted request for proposals to three contractors who are familiar with the Sacramento
plant. The selected contractor will be used for the complete installation of all hardware and

structural supports.



SECTION 2
PRELIMINARY DESIGN ANALYSIS

2.1 SYSTEM REQUIREMENTS

Campbell Soup Plant interfaces, regulatory agency constraints, economics, and can washing
system requirements all influence the solar process hot water system design. This section presents
a detailed descfiption of the can washing process, the performance requirements for the solar system,

the regulatory constraints incorporated into the design, and the Campbell plant interfaces.

2.1.1 Process Description

The process selected for this demonstration program is the can washing process which is a
part of a soup manufacturing production line. Can washing occurs at two points along the line.
First, the empty cans are thoroughly washed with hot water and sterilized. Then the cans, after
being filled and sealed, are washed to remove any spilled food residue from the exterior. A1l of
the pyoduction lines at the Campbell Sacramento plant start out with fresh hot water from the mains
for empty can washing. The converted lines then reuse this water to accomplish filled can washing.

The unconverted lines use separate supplies for both empty-can and filled-can washing.

Line U, which will be supplied by the solar collector system, is used for manufacture of
chicken noodle soup during the regular season. Line V, which will be monitored for comparison pur-
poses, is used for beef noodle soup. The processing rates and the can sizes for both lines are
similar. The cans are 6.8 cm (2-11/16 inches) in diameter and 10.2 cm (4 inches) in height. In
August and September, during the tomato harvesting season, both lines U and V change over to proces-
sing tomato soup. The two lines are then identical both in product and process during that time

period.

The can washing devices are quite simple in operation. A schematic diagram of the prncess
is shown in Figure 2. The empty cans are conveyed through the washers on six metal rails which

form a cage. The empty washer itself is a sheet metal enclosure approximately 2.4 m (8 feet) long
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and has a water supply tube with a series of eight nozzles located along one tower corner. During

#*

" the transit through the washer the rail cage is twisted through an angle so that all surfaces of

the can are exposed to the fixed streams of hot water. For the converted lines, the hot water

draining off-from the empty can washer flows into a sump below the filled can washer. Part of this

water is fed with detergent‘and sprayed into the first section of the washer through a bank of 18

nozzles. The remaining hot water from the sump is then used to rinse off the filled cans in the

second section of the washer which .is equipped with 19 nozzles.

2.1.2 Performance Requirements

In order to support the can washing operation, the hot wate#—supbly for each pfocess line

must meet the following requirements:

Flowrate. A continuous supply of hot water is required at the rate of 47.3 1/min + 20

percent {12.5 gpm)
Pressure. The supply pressure must be >42.5 kg/cm?* (60 psi)

Temperature. The temperature of the hot water must be within the range of 82°C and

90.5°C (180°F and 195°F).

Duty Cycle. The can washer must be supplied with hot water during the two shifts. There

is a 4 to 5 minute cleanup period every hour. When the soup production is interrupted,

the can washing operation is shut down. The plant normally operates 5 days'a week. For

4 to 6 weeks during the tomato harvest season, the plant operates 6 days a week. The

plant is shut‘down for 2 weeks in June and 1 week at Christmas.

~2.1.3 Regulatory Agency Restrictions

The design, construction, and installation of machinery and equipment for the food industry

is regulated by a number of agencies.

design of a solar collector for hot water in the canning industry are listed below:

Food and Drug Administration (FDA), Good Manufacturing Practice Regulation, Part 128 —

Sanitation, April 21, 1969

United States Department of Agriculture (USDA), Accepted Meat and Poultry Equipment,
June 30, 1974 '

American National Standards Institute (ANSI), Food, Drug, and Beverage Equipment, ANSI-
ASME, F 2.1, 1975 '

The major regulatory agencies and standards which affect the



'

e Environmental Protection Agency (EPA), National Interim Primary Drinking Water Regula-
& : . - '
tions, December 24, 1975

o - Codified Federal Regu]ation'(CFR), Title 9, Chapter III — Animal, Plant Hea]thvlnspectﬁon
Service, October 3, 1970 ' '

‘e OSHA

The regulations covering food processing equipment are quité detailed and complex. For the
purposes of supplying hot water for the can washing‘operétidh. fhé salient constraints can be sum-

marized as follohs:

a. Materials.. Equipment in the food area must be Eod;tfucﬁed of materials capable‘df.pfe-l
venting deterioration from normal use and from chemicals,.cleaniﬁg agehfs; and'atﬁos-
phefic exposure in the normal producfion enQironment. They must be smooth surfaced,
corrosion and abrasion resistgnt,-shatterproof, nontoxic, nonabsdrbent, and nust not

stain or migrate to the product.

b. Design and Construction. All equipment in the‘food'érea must be of such workmanship as
to be readily cleanable. The de§ign and construction of such equ1pmen£ musf prec]ude'
the contamination of food with:lubricants; fuel, metal fragments, glass, contaminated
water, or any other contaminant;. Culinary steam, process air and water are not excluded

from this consideration.

c. Installation. A1l parts of stationary or not readily removable equipment must be instal-

~ ‘Ted far endugh away from floors. walls, and ceilings to provide access for.cleaning and
inspection. Aé an'alternative\ pefmanéntly mounted equipment may be sealed with a water-
tight seal to the adjacgnt structure. Wall mounted cabinets and electrical connections

must be installed at least 1 inch from the wall or sealed datertight to.the wall.

d. General Safety Considerations. A1l machines must be suitabiy'designed and should employ
materials of construction and a degree of workmanship which will provide adequate safety

and protection for personnel.

USDA approval i§ required prior to installation of any new equipment ‘in'the Campbell Soup
-Company Plant. Copies of comp]ete'drawings and plans, including 1ist of materials have been submit-

ted for preliminary approval.

0



2.1.4 Campbell Plant Interfaces

. . . ®
The major plant interfaces with the solar process hot water system are external to the pro-

duction area. The collector field will be mounted on a warehouse roof. Al roofing. penetrations

must be made accofding to Campbell design specifications.

Piping, valving, and insulation must all meet Campbell specificétions. 'A11 hot components

within human reach (=2.4 m (8 feet) from floor level) must be insulated.

2.2 DESIGN APPROACH AND PRELIMINARY TRADE-OFFS,

The system design approach isvreviewed in this section. It was established to sétisfy regu-

latory agencies, interface with the Campbell plant, and meet the can washer demands.

Based upon the system design constraints, the .potential system configurations and operating
modes (e.g., stratified versus accumulator storage, constént versus variable flowrate, etc.) were
;ummafized for evaluation. A system schematic, presented in Figure 3, was ‘constructed to satisfy

both stratified and accumulator control philosophies.

The performance and cost of each system component (6ollector and mounting structure, piping/
pump/insulation combinations, and storage tank) were analyzed to establish the economic optimum.
Transient system simulations were used both to verify the system performance and identify the annual

average solar contribution to the can washer energy demand.

2.2.1 Design Constraints

At thg program outset the solar hot water system performance and instq]lation requirements
were summarized. The system was sized to meet the can washer energy demand on a peak June day. On

this day, solar energy w0u1d4supp1y:
o 47.3 1/min (12.5 gpm)
® Water temperature >82°C (180°F)

This design constraint essentially eliminates the need to dump energy at any time during the year,

~and consequently, improves the system economics. -

Secondly, the system must be the most economical configuration to.suppTy the needed energy
(i.e., maximum Btu/$). System interfaces with existing equipment and buildings can significantly
affect the system cost. This cost is composéd of installation labor, materials, and loss of plant.

production. All cest cumponents were considered in the selection of the system components.

n : ' 93



w6

A

CONCENTRATOR
- FLAT FLATE '
TOR
COLLEC ! @ :p
i el ’g‘ Y
—
%] ' DRAIN FLOW .
CONTR0LU @ @B
VALVE & HEAT ‘
i - i EXCHANGER
l}' RCCESS CHNG
d . JGHNSON
No=———
—E3 t{% ﬁ @qp@ 5 ﬂ CONTROL
: Pt —
: i _ ‘ CONDENSATE _YALVES E
ﬁ ' ) ' ::.—_T:'—,_.”-:—.: cHECK ’ DRAIN ®— + Z
L MOT ! A —
@E { jL : <= EXISTING
ol /= HOT WAIE2,
' I NANA l " SUPPLY
ENSULATED PUMP CAN WASH
: WATER .
T+  3TORAGE ; L T )
i A -
<= .
{coLD) WATER LINE

LEVEL

CONTROLLER FILTER

Preliminary solar process hot water .
system schematic.

Figure 3.



2.2.2 Coliector ?ie]d

This section describes the evaluations performed to establish the collector field location,
size, and mix between concentrating and flat plate collectors. Once a métrix of colTector field
locations was established, both the shading from surrounding bui]diﬁgs and -the mutual shading be-
tween collectors were evaluated to estimate associated collector field performance reductions. At
a selected location, the collector field size and mix were evaluated to provide an economically

optimized system.

Upon review of the Campbell Soup Sacramento facility, three potential locations for the col-
Tector field were identified (Figure 4). Area 1 is located on the roof of the finished product
‘warehouse. The administration building and a portion of thé labeling building compose area 2, and

area 3‘15 a grass field.
The criteria for selecting the field location are:
e Minimal collector field sha&ing by buildings
o Cost of installation
o Accessibility
o  Campbell Corporaté approval

Table 1 summarizes the advantages and disadvantages associated with each of the potential.locations.
~Both locations 1 and 3 are free of shading problems due to buildings‘or other existing structures.
A typical afternoon shading of area 2, as presented in Figure 5, reveals that collector output would

be affected by the surrounding buildings.

. The cost was estimated for installation of the collector field in each of the candidate loca-
tions. Location 1 resulted in the lowest cost alternative. This, along with the many other advan-

tages, resulted in the selection of location 1. This se]eétion has been approved by Campbell.

With area 1 selected, the various collector field installation possibilities were evaluated’
for mutual shading effects. A typical sun path diagram for each monih of the year is présented in
Figdre 6. For the selected concentra£or mounting configuration, the sha&ed areas represent t%nas
of the day in which mutual shading reduces the incident energy by either 0 to 50 percent or 50 to
100 percent. It is important to reeognize that for this basefine orientation, mutual shading only
occurs early in the mbrning or late in the afternoon. At these'times, the useful energy logs is
negligible. The effect of finite trough length (end loss) upon the incident collectal ie energy was

ihcorporated into these evaluations.

13
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TABLE 1.

COLLECTOR FIELD LOCATION ASSESSMENT

Location

Advantages

Disadvantages

1. Finished Products
Warehouse

Skylights provide some of
required support structure

Expansion area available
Minimal building shading
Maintenance

Lowest installation cost

Slightly longer pipe run
than Location 2

Roof leakage

2. Office and
labeling
buildings

Shortest pipe run

3.: Corner Lot

No building shading
problems

Ease of maintenance

Roof leakage is not a
problem

Readily accessible for
visitors

Building shading

Multiple roof locations
are required

Roof leakage

Expensive & time consuming
installation

Requires fence — vandalism

Dust from passing traffic
Future parking lot
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The collector field analysis was performed to identify the field size and mix (concentrators
and flat plates) required to provide the design performance for Sacramento weather conditions.
Actual weather data from both Fresno and Davis, California were obtained from the National Oceanic
and Atmospheric Administration (NOAA). These data were compared to the correlation procedure of Liu
and Jordan (Reference 1) and good agreement was obtained. The statistical clearness parameters
(Reference 2) were then used in conjunction with the collector performance to identify the hourly
useful collected energy for selective flat plates, nonselective flat plates, and east-west axis
tracking concentrating collectors.* This combination of statistical days was then averaged to ob-
tain monthly average useful energy as a function of collector inlet temperature minus ambient tem-
perature. This same procedure was applied to other months throughout the year, and a yearly average

was obtained.

The cost effectiveness of collector options was evaluated. Seventy-one collector manufac-

turers were surveyed to obtain cost and performance data on the candidate collector configurations.
The average cost results were:

e Flat plate, single glazed, nonselective = >$10/ft?

e Flat plate, single glazed, selected >$12/fFt?

e Parabolic trough concentrating >$12.50/ft?

The June collectable energy for these various options was divided by their cost, and these results
are presented in Figure 7. As one can see, the nonselective flat plate is more cost effective than
the selective option up to a temperature difference (tollector inlet-ambient) of approximately
19.5°C (67°F). However, at a slightly higher temperature difference, the concentrator displays an
economic benefit over both of the flat plates. Consequently, the collector field should be com-

posed of nonselective single glazed flat plates and parabolic trough concentrators.

From the June average monthly useful energy curves, the field was sized to satisfy the design
constraints of Section 2.2.1 with various mixes of flat plates and concentrators. Far these field
mixes and sizes, ambient weather conditions and system operation characteristics, the annual useful

energy collection was determined.

it
By using existing skylights (25° tilt angle, south facing) as a support structure for flat plates,
the installation cost for the flat plate collectors could be reduced. Even though this tilt is not
optimum, performance degradation is minimal.

18
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Figure 8 displays these results as useful energy per unit cost as a function of collector
fiejd mix, AC/AT where AC is the area of concentrators and AT is ;he tdta] fieid area. Ihe optimum
field size has been determined to occur at a mix of 40 percent concentrators and 60 percent single
glazed nonse]ective-flat plates. The total collector area required to supply the June design day
is about 615 m? (6620 ft?) based on the efficiency curves assumed for the study. It should be noted‘
that as the ratio of concentrators to total field area varies, the total collection area required to
supply a fixed amount of energy also varies. This is due to the efficiency differences between the

flat plate and the concentrating collectors.

- The TRNSYS computer code (Reference 3) was substantially modified to more appropriately sim-
ulate the process hot water system pérformance. System simulations were perfbrmed using the actual
weather data for Fresno adjusted to‘reflect the Davis daily total radiation levels and ambient tem-
peratures. These results substantiated the coliector field size and mix jdentified in the above

described analysis.

2.2.3 Storage

Two basic control modes were evaluated for the storage tank:. stratified and accumuiator.
In the stratified control mode, fluid is removed from the bottom of the storage tank, circulated
through the field, and returned to 'the top of the tank. The can washing hoi water ‘demand wou]d be

supplied from the top of the tank, and makeup well water would enter the bottom of the tank.

In ‘the accumulator storage option, Eo]d well water would enter the collector field directly,
pass through the field once, and enter'the top of tQ; tank. A floating suction would remove water
for the can washing operation from the top.of the fluid. For 7 days a week energy coi]ection, the
accumulator volume required is 75,700 1 (20,000 gal). Figﬁre 9 presents a summary of the fluid
volume in the tank throughout the week. For this control optioﬁ, the flowrate through the fiéld is
a programmed function approximating the dai]y-insolation profile. The integrated mass flux is equal
to 5/7ths of the total weekly can washer demqnd; this allows collection on weekends. The profiled
flowrate is selected to maintain the collector figld outlet temperature at 195°F on a peak June day

throughout the entire daily collectioﬁ period.

Transient system simulations were performed for threé stratified tank sizes and a'75,760 1
(20,000 gal) accumulator tank to identify the tank/bontrol mode which providés the most useful .
energy £o~the can washer. These results, presented in Figure 10, reveal that for a given field size
and mix, the accumulator is optimum. In order to provide the same useful energy, the collector

20
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field and tank costs for the stratified system were determined to exceed the accumulated options

costs. Thus, a 75,700.] (20,000 gal) accumulator storage tank was selected.

The location for the storage tank was selected near the can washing line where it will be
readily accessible for maintenance and installation. The distance from the tank to the can washer

is minimized so that the water temiperature and pressure drops are'minima1.

2.2.4 Control Philosophy

In this section, a description of the system control philosophy will be presented. The aé-
cumulator control option was selected'based upon the results of collector field and storage tank
optimizatiops. Since the can washing line only operates 5 days a week and uéeful energy will
usually be collected for all 7 days, a storage tank will bée used. The tank wili be virtually empty

after Friday's secohd shift and will be filled with hot water by Sunday evening.

The flowrate through the collector field will vary throughout the day. A programmable con-
troller will adjust the flowrate in a predetermihed manner to approximate the incident energy. The
total integﬁated daily mass flow will be equal to 5/7ths of the weekly washer demand. This program

- will be changed monthly to account for changes in the length of the day.

2.2.5 Annual System Performance

A transient computer simulation of the entire solar process hot watgr system was méde.' A
modified version of TRNSYS (Reference 3) was used in this analysis. This analysis used actual
weather data from NOAA for Fresno, California adjusted for differences in daily total'radiétidn be-
tween Fresno and Davis, California.* Since neither Fresno nor Davis record the beam radiation, the
methods of Liu and Jordan (Reference 2) were used to estimate the beam component’from the total
radiation data. The month-by-month solar contribution to the can washer. is di;played in Figure 11.:

These results indicate that approximately a 70-percent solar substitution will result from the base-

line system design.

. : s s )
Davis, California is approximately 15 miles from Sacramento, California.
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SECTION 3

DETAIL DESIGN

{ v
The collector field design relies heavily upon the design values and concepts generated in

the_concéptua] design phase of this project. The design values generated in that study were based on

the following heating requirements for a single can washing Tine:
Heated wgterlflow rate: .79 2/sec (12.5 gpm)
Reéuired water tempe}ature rise: 5].7°C (125°F)
Hoﬁrs of continuous water supply per day: 16 hours.(Z shifts)
The resulting daily requirements derived from these values were:
Total water supplied to canning Tine per day: 45,420 1 (12,000 gal)

Total heat required to raise water from 21.1 to 90.5°C (70°F to 195°F): 1.319 x 10'° J/day
(12.5 x ]0‘ Btu/day)

_ Based on these requirements, a collector field was designed in the conceptual design phase of this

pfoject which had the following description: ' -
1. Fie]d'placement: On'bujlding W-8 roof aé pictured_in Fiéure 1. of Appendix A-2
2. Type of collectors utilized:
a. Flat Plate collectors: Single glazed, nonselective cdéting
b. Concentrating collectors: Parabolic trough, east-west axis, tracking

3. Natef flow path: From cold water supply through flat plate collectors, into concentrators,

and finally to storage tank
4. Total effective area of field: 615 m* (6620 ft?)
5. Field mix: 40 percent concentrators, 60 percent flat plate collectors

6. Collector field flowrate: Preprogrammed to match flowrate to hourly insolation

7 ' ' 109



The field design requirements and basic design decisions have been reviewed during the
detailed phase. Of the six conceptual deﬁign characteristics listed above, field placement (Item 1)
and water flow path {Item 3) were not reconsidered during the present phase. The field placement
was pfeviously studied with respect to building shadows at various roof locations, potential for field
expansion, and (as in the case of a potential ground location) the appropriate usage of open land.

The conclusions of that study (Section 2) have not been altered. Both accumulator storage tank
and recirculating storage tank options were evaluated in the conceptual design. This study used
the TRNSYS computer simulation prograh. As a result of that study, the accumulator storage was
incorporated into the detail design.A Reference is again made ta Section 2 for description of

the storage tradeoff study.

3.1 COLLECTOR FIELD

The choice of collector types, field size, collector mix ratio, and field layout has been
reviewed in light of the bid responses of the various collector manufacturers. The bid responses

"will be discussed at this point and a discussion of the final design decisions will follow.

Bids for the solar collectors were solicited from 22 manufacturers. The bid 1ist, along with
bid responses and initial screening informatjon, are.contained in Table 2. Of thé 22 quotation
reque§ts, 13 flat plate collector manufacturers responded, and oniy Aerotherm submitted a concen-
trator bid. Of the respondents, 4 were eliminated immediately for heing unahle to provide adequate

‘information in response to the RFP or for having an excessive collector cost.

The secondary selection procedure invélyed a preliminary éizing of the flat plate portion of
the field. The sizing groundrule was to provide the same amount of energy as the flat plate field
resulting from the conceptual design (for a typical June day). This preliminary sizing method made
use of the monthly-averaged daily insolation and month]y-aVeraged clearness factor (KT) vatues to
generate hourly insolation values on a flat plate according to the procedure outlined on page§ c-2
to C-7 of Reference 4 and demonstrated in Table 3. This is a conservative method, but it
yields acceptable values for a relative collectqr comparison. By this method, 3 more collectors
were rejected because the field size required was considerably greater than the available area. The
5un5av colleclor was rejected due to its high field cost. The KTA collector is not a true flat plate
collector; it relies on sunlight concentration. Consequently, it does not collect a significant
amount of diffuse radiation in winter months. The KTA collector was rejected at this point due to

intolerably low winter efliciency.

With the collector field sized as described above, the relative flat plate collector field
costs were computed. Table 4 displays these results. Also, the efficiencies of these collectors

are plotted in Figure-]2. The field cost reflects the relative efficiency differences between

28
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TABLE 2. SUMMARY OF COLLECTOR BIDDERS

Recg$€?:ny8id Responding Initial Selection Process: Second Selection Process
. 9 Companies Reason for Rejection Reason for Rejection
Package .
e Steelcraft Corp.,
Environmental Designs
Division
o Hexcel Corp.
(concentrator)
e KTA Corp. X Does not collect diffuse
. radiation. Winter efficiency
too Tow.
e Northrup, Inc.
(concentrator)
o Owens-Illinois X Too expensive: Cost = $22.60/ft?
e Sheldahl
Advanced Products
Division
{concentrator)
. Honeywelf X Collector too small. Ineffi-
cfent use of area and large
installation cost. Size: 3' x 6'
e Alcoa
e Allied Equipment Co. X
o American Heliotherm %
o Ametek
o Sunearth, Inc.
¢ Heliotherm, Inc. X Non-responsive. Acceptable data
not provided.
o PPG X Non-responsi#e. Acceptable data
, not provided.
¢ Reserve Coppér and -
Brass, Inc.
o Solar Development, Inc. X Extremely poor efficiency: .
Ftstagnation
o Solargenics, Inc. X
e Solar Corp. of America X
e Sunsave, lnc.v' X High fjeld cost due to low
effective area: net -area  _ .
grass area :
o Sunwater Co.
o Sunworks X Collector too small. Ineffi-
cient use of area and large
ifnstallation cost. Size: 2' x 7'
] Raypak, Inc. X Non-responsive. Acceptable data

not provided.
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TABLE 3. DEMONSTRATION OF COLLECTOR SIZING PROCEDURE UTILIZING

- MONTHLY-AVERAGED DAILY INSOLATION VALUES@
2‘35‘3 :‘gg,: ro n:c:g]aatg oPn] avéxg,ueqs. F't = (Tp- T ab )/a, i fpioc]ileencctyor c Col Jeeactted
w/m? (Btu/hr-ft? ) | (°F-hr-ft2)/Btu ’
0.5 © 990 (313) 0.0936 ' 0.671" . 660 (210.2)
1.5 900 (286) , 0.102 0.662 600 (189.4)
2.5 780 (246) 1 oo 0.642 . |495 (158.0)
3.5 S5 (109) 0.155 _ U.60 355 (113.1)
4.5 380 (121) 0.242 0.498  |190 (60.4)
5.5 175 (55.6) 0.528 0.162 28 ( 8.9) -
6.5 30 ( 9.5) 3.08 0 0 (0)
Daily total = 4650 w/m? day (1480f2 Btu/ft2day)

%For June, collector inclination angle toward south: 28.5°
b

Ta = 75.7°F, Tb average of projected inlet and outlet temperatures:
= o r = v = °
T; = 70°, T, = 140°, Tb = 105
CFor Allied Equipment Co. collector

o Q
Flat plate heat required per day: }gg = ;g x 12.5 x 10% Btu/day x %

= 5. x 0% Btu/day

6 : .
Flat plate net area ruyuired: hx 10° Blu/day . 3397 ft
1480.2 Btu/ft3day

3377 ft?2
51.57 ft?/unit

Number of units required: = 66 units

" Uiuss dred required: bb unlts X 60 06 —— = 3964 ft? gross

un1t

Fleld cost: 3964 ft? x $10.75/ft* = $42.613
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TABLE 4. FINAL SELECTION COLLECTOR DESCRIPTION

Collector Collector Effective Area Collector Absorber Collector Cost Total Field
Manufacturer Dimensions T Gross Area Weight Coatin $/m° effective area Cost For
‘ kg/m? (#/ft?) 9 ($/ft? effective area) Projection, $
Allied Equipment Co. 0.91m x 5194m 0.86 49 Nonselective 134.76 42613
(3¢ x‘}9.5') (10.0) (12.52) )
American Heliothermal Corp.| 1.07m x 2.44?
(3.5' x 8.0" : :
0.87 (5.4) Selective e 39644
1.07m x 3.05m : \e. 13
(3.5' x 10.0°
Solar Corp. of America Nonselective 130.35
) (12.13) 42444
1.22m x 2.49m 0.93 36
(4* x 8') .4) Selective 137.13 39544
(12.74) .
Solargenics, Inc. 0.91m x 3.05m Nonse]ectfv,e 119.64
(3' x 10") 28 (11.12) 40366
. 10.88 (£9) ‘
0.91m x 5.03m : Selective 136.59
(3' x 16.5') (12.69) 41000,
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Collector efficiency
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Collectour parameter, Ft = AT/qi

Figure 12. Collector efficiencies.
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collectors, insta]]aiion costs, and the basic collector cost. Based upon these results, the Solar-

genics nonselective collector results in the lowest field cost.

The Solargenics nonselective coliector has been selected as the best collector for the follow-

~ing reasons:

1.

Absorber coating: Selective coatings require special treatment in handling, are

subject to deterioration in the presence of inevitable moisture, and may not be

"easily recoated on large surfaces. Given these considerations and the fact

that all of the final collector candidates were very close to .each other in

total field cost, a nonselective collector coating was chosen. -

Collector size: So]argenicé,.lnc., is capable of manufacturing collectors to any length
required. Because of this, they can provide collectors which span the entire length of
the 5.03 m (16.5 foot) skyiight faces. This feature will greatly reduce installation time
and will permit easy access to both ends of each collector, will reduce piping complexity,

and will simplify structural modifications to the roof for collector support purposes.

Field cost: Of the three nonselective collectors in the final selection, the Solargeniés

collector has the lowest field cost,

Potential efficiency improvement: Solargenics, Inc., has guaranteed a collector efficiency
significantly higher than the curve (shown in Figure 12) from which present field size

requirements have been estimated.

The choice of a nonselective flat plate collector is consistent with the original projectﬁon*

that a nonselective collector whould be optimum for the present application.

Since the Solargencies area requirement was reasonably close to the area used in the conceptua]

design, the roof areas utilized remain unchanged from the conceptual design (Figure 1 of Appendix A-2).

.

T .
This projection was made by comparing the efficiencies and costs of known collectors (not necessarily
those collectors for which bids were submitted) and by considering the desirability of avoiding
the maintenance and longevity problems associated with selective cnatings.
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3.1.1 Flat Plate Collectors

The following list describes the design features of the Solaréenics collector:

e Absorber plate — Copper tuBes sandwiched between two formed aluminum plates. 10 tubes,

1.27 cm (0.5 inch) internal diameter
e Header — 2.54 cm (1.0 inch) ID, copper tube

e Frame and back p]ate — Aluminum extrusion and plate

A

Low iron tempered glass 0.3715 c¢m (0.125 inch) thick. Installed at factory.
14

S

e Glazing —

e Bottom insu]at}on —2.54 cm (1.0 inch) ?iberglass insulation plus 3.175 cm (1.25 inch)

isocyanrate foam
o Absorber coating — 3M brand Nextel black velvet coating

e Fluid entrance/exit — Located at ends and staggered to facilitate short intercoilgctor

connections 1.91 cm (3/4 inch) MIP

The flowrate in the collectors will be as high as possible within the limits df pressure drop
and cavitation. High flow velocities are important to both reduce scale formation and increase the
tube-to-fluid thermal conductance. The latter increases the collector efficiency slightly. Flow

distribution and piping will be discussed in Section 3.1.3.

The Solargenics collector, which-normally has a selective coating, has not been tested with
a flat black'coating. The curve_drawing\in Figure 12 represents the efficiency projécted by Aerotherm
of its performance with the Nexte]lcoating. The manufacturer, however, guarantees better performance.

Before any contract with Solargenics is finalized, efficiency data will be obtained.

3.1.2 Concentrating Collectors

The Aerotherm concentrator is pictured in Figures 13, 14, and 15 and detailed in the technical
drawfng section of this report. The concentrator utilizes aluminum Tighting shaot.to cOncentratc"
beam radiation on the receiver tube. The efficiencies are murh higher than for flat p]atc‘collectors

in the range of Ft >0.2.

The co11ector tube éssemb]y cdnsiSts of a main receiver tube through which water péssgs. The
solar energy is concentrated on this tubé wall. The outside wall itself is selectively coated with
black chrome over nickel plate. A tubular pyrex glaiing is used’to.reduce convective heat losses.
The receiver tube contains an inte}nal plug. The énnulér flow passage which result; raises the

fluid velocity, thereby increasing the internal heat transfer coefficient. The receiver tube is made
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Figure 15.
Solar concentrator, end termination.
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continuous from collector module to collector module by weld connections, while the plug is inserted

in sections.

Concentrator steering is accomplished with a worm driven gear pictured in Figure 13. The worm
is driven by a permanent-split capacitor motof with a total gear reduction ratio of 1900-to-1.. One
steering unit is used to steer eight collector modules and is located in the center of a collector

row.

The steering signal is obtained by a shadow band sun direcfion sensor pictured in Figure 13.
and diagrammed %n Figure 16. The diagrammed sensor shows a shadow over half of the near side photo-
cell. When enough sun illuminates the photocell, a small voltage is generated and amplified to
-trigger a triac. The triac is an A,C. solid state §witch for the Qorm géar mbtor. The motor will
turn in the appropriate direction until both photocells are again shaded. Tracking error is jess

than 0.1°,

It is necessary in some control modes to steer the concentrator away from the sun (as in a
pump failure). In this cése, an alternate pair of bhotoce]ls is used in addition to the diagrammed
pair. This second pair is switched into fhe positioning circuit to steer the concentr;tor‘several
degrees away from the sun. The unit can also be stowed by activating a triac directly. When the
collection must be stowed, a triac is actuated. The Coliector is turned in one direction until a

limit switch is activated.
The following is a technical description of the concentrator:

Aperture: ‘ 1.8m (6;0 ft) -

Length: ' 3.05 m (10.0 ft)
Length between supports: 3.2 m (10.5 ft)
Concentration ratio: . 35
Rim angle: ' ' 90°

Efficiency:'(plotted in Figure 12)

Receiver tube diameter: 3.175 cm (1.25'1nch)
Recgiver tube emittance: 0.12

Receiver tube absorbance: ) 0.94

Transmittance of pyrex glazing: 0.90

Reflectance of aluminum lighting sheet: 0.75

Slew rate: . 180° in 15 minutes
Weight {(not including mount supports): 540 kg (244 1bs)
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3.1.3 Piping Design

The process piping for the collector field connects to the existing water supply in the
finished products warehouse, Building W8. From here the pipe is routed through the roof hatch di-
rect]y'above the connection point and into the collector field. The exact routing of the pipe, mani-

folding, valving, etc., is shown on Drawing 7234-030 Sheet 2 (see Attachment 2).

The material for the pipe and insulation for the hot water lines were specified in Campbell
Soup specifications. The pipe sizes were selected after an engineering analysis'of the flat plate
collectors and concentrating collector flow distribution was completed. Design parameters considered
included:

o Total pressure drop across the field

e Flow distribution in both fypes of collectors

e Minimum line size

. Scaling

The piping was designed for a maximum flow rate of 1.77 1/sec (28 gpm). At the flow rate the
pressure drop across the field will be 28.3 kg/cm? (40 psi). The flat plate cbl]ectprs will be
"divided into four arrays each containing 29 units. As a result, the flow rate, per collector will be
53 1/sec (8.5 gpm) for the long collectors and 359/sec (5.5 gpm) for the short collectors. This
array size was selected in order to obtain the proper pressure drop ratio petween the collector and
the manifolds to ensure natural balanced flow and to keep the water velocity in the risers within

acceptab]é limits for efficient heat transfer. The maximum velocity in the risers will be 0.4 m/sec

(1.3 ft/sec) which is well below the recommended maximum flow rate for copper tubing.

The field contains six concentrating collector arrays. The maximum flow rate per array is
0.30 1/sec (4.7 gpm). The input and output line for each concentrating collector array is designed

to handle this flow rate.

For the flat plates the collector-to-collector connections will be made with flexible spiral-
wound bronze alloy tubes. Typical of domestic hot water heater connectors, these flexible lengths
have union type terminations, allowing rapid connections to be made. Flexible connections have been
used to eliminate the effect of differential thermal growth that occurs when the collectors are heated.
Metal is used here as opposed to rubber due to the short life of rubber hosing (approximately 10 years)

under exposure to sun, ozone, and other atmospheric pollutants. The metal hoses will be insulated.

Expansion joints will be provided in all the pipe lines by the contractor in accordance with Campbell's

specification.
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Air vents are normally required in solar collection piping systems. However; because each
Solargenics collectpr contains an automatic §ir vent valve, separate vents will not be required in
the piping system. fhe Bell and Gossett CB series Qalves were selected because they have convenient
taps for measuring instantaneous flow in addition to ;he normal valve function. This feature will

save a considerable amount of time during field startup flow balancing as well as during field operation.

L4

The potential scaling effects of water;at the Campbell plant on the_so1ar water heating
system was evaluated~ﬁsing the Langelier Saturation Index: Thié index is a common tﬂol used by indus-
try to evaluate the tendencies toward scaling or corroéion for water systems. AThe méthod compares
the .concentration of calcium carbonaie to the §aturation concentration of calcium carbonate for spe-
cific water chemistry.. The parameters which must be taken into accohnt are listed bélow éldng with
the water analyses obtained for the Sacramento plant water by the éentfd] Environment Laburatory of

the Campbell Soup Company.

Total dissolved so]ids: . - 313 ppm
Calcium hardness (as Cacoa):. 120 ppm
Total alkalinity (methyl orange): . 110 ppm
bH 7.88

The results of the Langelier Index evaluation for the above water conditions are as follows:

Temperature  21.1°¢ (70°F) |90.5°c (195°F)

Langelier Index '+0,1 I T 41,25

The generally accepted indications of system tendencies are as follows:

Value of . Tendenuy
Langelier index Indicated
+ 2.0 chle forming, noncorrosive for practical purposes
.+ 0.5 . S}ight]y corrbsive and scale forming
0.0 Nonscaling, pitting corrosion possible
- 0.5 . _ S]fghly corrosive, nonscaling
-2.0 ' Seriously-corrosive

The results of the index computation indieats that scallng coiild take place al the higher
system temperatures. No scaling rates are given by the index. Scaling will not be a problem
because any scaling taking place in the system will be removed by the descaling solution which is

used once yearly throughout the Sacramento plant water system as a nbrma] maintenance procedure.
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.3.1L4 Roof Loading .

In addition to the dead weight of the collectors, the roof structure must also support the

aerodynamics or wind loads imposed on the collectors. -

The first step in determining a wind load is to estab]ish the wind velocity to be used for
calculating loads. ANSI building code A58.1-1972 was used to determine the appropriate efféctive

velocity. In general, a wind pressure on the surface of a structure is given by
p=Ca

where Cf is a nondimensional coefficient determined by analysis or experiment, and q is called the-
velocity pressure with units of pressure. The gffective velocity pressure was established according

.to paragraph 6.3.4.1* by the following classification:.

® Mean recurrence interval — For structures which are highly sensitive to wind forces,
a 100-year mean recurrence interval shall be used in determining fastest-mile winds.

For Sacramento, the 100-year fastest mile speed is 35.8 m/sec .(80 mph)

e Building height — Wind velocity varies with height above the ground. The Campbell's
roof is 9.1 m (30.ft).

o Location — Tabular information for velocity pressures is giveh by the ANSI code accord-
ing to the type of location in which a structure is found. The Sacramento plant can be

classified as a city outskirt or suburban area.

¢ Type of structure — Tabular velocity pressure information is divided into applications
for (1) structures and (2) parts or portions of structures. The analysis here is for

the second classification.

The ve]oc1ty pressure for the above classifications is 73.2 kg/m (15 psf). For conservatism,
alz kg/m2 (25 psf) veluunty pressure was used for load analysis and structural member sizing. This

pressure corresponds to the dynamic head (1/2 pV2) of an air velocity of 44.7 m/sec (100 mph).

Pressure coefficients, C¢»-were taken from the data for flat plates between walls for Area II
(see Figure 1, Appendix A-2) and for wedge shaped obstructions at ground level for Area 1 (see

Reference 5). Initial analysis for Area I indicated that upward lToads were much too severe when

*Analysis according to paragraphs 6.3.4 and A6.3.4.1 yielded less'cdnservative resblts.
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wind approached from the rear of the monitor. Thus, the space between the monitors has been designed
to be closed off with a back wall and sealed. An attempt was made to avoid mounting to the roof for
Areas I and II, since each roof mounting point is expensive due to the need to make water tight pene-

trations. Instead, the sides of the sawtooth monitors will be opened and structural members placed

-between the monitors by mounting to existing .structural members within the sawtooth. Drawings

7234-048, Pages 12 to 15 of Appendix C, contain the structural modification assemblies for these

areas. The minimum safety factor for the structure is 1.67, based on the wind pressure'ana]ysis.

Pressure coeficients for the concentratbr have been taken from wind tunnel test data for
concentrators of similar configuration (See Reference 6). The determined peak drag and 1ift co-
efficients are both C = 1.75. In addition, a peak moment is applied to the concentrator axis of

207 kg-m (1500 1b-ft). Using the value of C = 1.75 with the 44.7 m/sec (100 mph) velocity yeilds a

. horizbntal or a 1ift force of 11,700 nt (2630 1b) per collector module. These design values were

used to size the triangular frame structures, used every 3.2 meters (10.5 feet), shown on. pages 8

. through 11 of Appendix C.
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In order to minimize building modifications in the form of roof mounting points, the possi-
bility of using collector modules of twice the present length was investigated. The concentrated
loads on the roof increased to twice their value for that case and were judged too high to consider

¢

the idea further. o
Aftér all wind loads and dead weight loads were tabulated, Aerotherm employed the structural

consulting. firm, of Buehler, Cole, Yee & Schubert as specified by the Campbell Soup Company, to

analyze the original roof structure-to determine its capability to handle and added loads. The con-

sulting firm has verified the adequancy of the warehouse roof structure.
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3.2 STORAGE

The water storage system consists of the accumulator tank, pump, and associated eqdipment and
piping. The system was de;igned to store the output of the solar collector field and supply the hot
water to can line U on demand. The collector field will operate 7 days’a week and the cah washer line
five days. The layout of the system is shown on. Drawings 7234-026 and -027. Orawing 7234-029 shows,

the installation at the Campbell Soup Plant.

3.2.1 Accumulator Tank

~ The accymu]atbr'tank working volume is based on a process:demand (output) of 47.3 litérﬁlminute
(12.5 gpm) of potable water for two shifts, 5 days a week and an input from the field spread over 7
days a week. Therefore, the total daily input to the tank will be 5/7 of the oﬁtput resu]tjng ina
net decrease in the tank 1eyé1 Monday through Friday and filling of the tank on'Saturday and Sunday.
The total daily process demand will Eé 45,420 Yiters (12,000 gal) and the collector field will supply
5/7 of that, or 32,456 liters (8575 'gal) per day. The net outflow from the tank will be 12,982 liters
(3430 gal) per day or a total of 64,912 liters (17,150 gal) from Mon&qy-through Friday. On Saturday
and Sunday the process demand will be zero and the input from the field will be 32,456 liters (8575 gal)
each day for a total increase of 64,912 liters (17,150 gal). On Monday morning, the tank will be

full and ready for the next working cycle. The cycle is shown in Figure 9. '

The diameter of the tank was selected on the basis of the following design and cost

factors. . . p)

v

[ Area{avai]ab]e for the accumulator tank and pump atithe Campbell Soup facility in the.

location specified
e ~ Allowance for clearance for wa]kways around the equipment, clearance'around the dodrway,
access to the'equipment after installation and during operation.
° Transéortation of the tank from the tank fabricator to Fhe erection site,
(] Maxfmum allowable he%ght |
o Cost 6f.fie1d fabrication versus fabrication at vendor's facility.

An analysis of the above factors showed that a tank with a diameter of 12 feet was the most cost

effective.

‘The total volume of the tank is a nominal 72,672 liters (19,200 gal). This size is based on
a working-capacity of 64,912 liters (17,150 gal) of water, a nominal water level of 0.229 meters

(9 inﬁhes) to accomodate the floating suction, and a clearance.of 0.38 meters (15 inches) between
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the water level and the top of the tank when the tank is full. The total height of the tank will be
6.86 meters (22 feet 6 inches), with a straight height of 6.71 meters (22 feet) and a conical cover
0.15 meters (6 inches) high welded to the shell.

The tank will be equipped with a 0.05) meter (2 inch) overflow pipe that will drain the tank
from the bottom under certain conditions. This feature is designed to remove colder water from the
bottom of the tank, while hotter water is being fed in from the field at times when the tank is full

and a net gain in energy can be realized by operating the field. (See Section 3.4.2).

The tank maferié] of construction must be compatible with potablé water up to a temperature of

[}

100°C (212°F)._ Several materials were considered including:
| . Fiberg]ésé | |
e Stainless steel
& Oteel with special lining

A cost analysis of the various material options showed that the steel tank with a USDA approved
PLACITE 3055 baked phenolic lining met all the design requirements and was cost effective. Table 5
shows the properties of the lining. The tank selected will be fabricated in'two sections, shipped

to the job site, field welded, erected, and then the phenolic 1lining will be applied.

A floating suction will be used in the tqﬁk to insure that the hottest water from the top of the
‘tank is being pumped to the Ean line at all times. The inlet from the field will he located far
enough away from the floating suction to minimize the temperature influence of ihe water being pumped
out. The floating suction consists of a 0.051 mete; (2 inch) diameter pipe with a swivel joint on ‘
one end and a suction stub and float assembly attached to the other end: The swivel joint will be
mounted directly to the tank wall approximately 3.66 meters (12 feet) above the bottom and the sucfion
' will have a travel distance of t 3.11 meters (10.2 feet). The entire assembly will be made of bronze
and the swivel joint will be sealed with three o-rings to prevent lube grease from entéring the potable
water in the tank and to stop water from entering the ball races. Figure 17 shows the floating suc-

tion assembly. The nylon coated stainless steel cable is desinged to allow easy inspection of the

assembly when necessary.

The accumulator tank will be insulated to minimize heat loss. The insulation was designed for
a maximum heat loss of 18.2 watt/m? (6 Btu/hr-ft?) at an ambient temperature of 15.6°C (60°F) and a
water temperature of 100°C (212°F). Several insulation/ application systems were analyzed to det