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FOREWORD

This volume is one of a series of reports describing the
development tests conducted on a candidate Shuttle heat rejection
- system at the National Aeronautics and Space Administration - John-
son Space Center during the period from March to July 1973. The
complete test series are reported in the following volumes:

Volume I Overall Summary

Volume II Modular Radiator System Tests

Volume III  Modular Radiator System Test Data
Correlation With Thermal Model

Yolume IV Modular Radiator System Test Data

Volume V Integrated Radiator/Expendable Cooling System
Tests

Volume VI Water Ejector Plume Tests

Volume VII  Improved Radiator Coating Adhesives Tests

Volume VIII Tube Anomaly Investigation

The tests were conducted jointly by NASA and the Vought
Systems Divisicn of LTV Aerospace Corporation under Contract
NA5S9-10534. D. W. Morris of the NASA-JSC Crew Systems Division
was the contract technical! monitor. Mr. R. J. Tufte served as the
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1.0 SUMMARY

This volume presents the results of an analysis which compares
the performance predictions of a thermal model of a multi-panel modular radiator
system (MRS) with thermal vacuum test data. The correlation of the thermal
model is one of the objectives of the MRS test phase of the Shuttle heat re-
jection system development tests conducted at NASA-JSC from March to July
1973.

Comparisons between measured and predicted individual panel out-
let temperatures and pressure drops and system outlet temperatures have been
made over the full range of heat loads, environments and plumbing arrangements
expected for the Shuttle radiators. Both two sided and one sided radiation
have been included. The model predictions show excellent agreement with the
test data for the maximum design conditions of high load and hot environment.
®redictions under minimum design conditions of low load-cold environments
indicate good agreement with the measured data, but evaluation of low load
predictions should consider the possibility of parallel flow instabilities
due to main system freezing. Performance predictions under intermediate
conditions in which the majority of the flow is not in either the main or
prime system ar= adequate although model improvements in this area may be
desired. The primary modeling objective of providing an analytical technique
for performance predictions of a multi-panel radiator system under the design
conditions has been met.
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2.0 INTRODUCTION

Accurate predictions of the Space Shuttle radiator system per-
formance is of prime importance in the design and development of this heat
rejection system. The proposed location of the radiators attached to and/or
deployed from the cargo bay doors introduces many design variables such as
radiation from one side only, two-sided radiation or back-to-back panels.

The worst case orbit and vehicle attitude must be determined analytically

for each of these configurations to optimize the radiator design. The use of
flow reversal or flow proportioning valves introduces more variables which must
be considered. Due to the size of the radiator system (up to 1440 ft2) it is
impractical to determine the optimum radiator system by test. An accurate
model is needed to parametrically study all design variables and insure optimum
radiator performance.

The uniqueness of the modular panei concept, the valve stagnation
method of heat load control and the large size of th2 radiator system present
several modeling criteria not encountered in previous radiator systems. The
multi-vanel configuration proposea for use on the Shuttle requires that the
model predict interaction between the panels; thus, dictating a separate model
for each panel. In order to maintain similarity between the models, accurate
predictions are required over a wide range of inlet temperatures in addition
to the usual enviromment and flow variations. The downstream panel performance
predictions must be as good as the upstream panel predictions and the individual
panel errors must not accumulate to compromise the total radiator system per-
formance.

The developmental testing of the Modular Radiator System (MRS)
discussed in Volume 1I, Modular Radiator System Tests, of this report provides

approximately 300 hours of thermal vacuum test data vor thermai model correlation.

The tes. panels are of a different size (6' x 12') than the anticipated base-
line panels (approximately 11' x 15') and the baseline panels will probably
have a different number of tubes, tube spacing and fin thickness. However,
the modeling techniques developed from the test panel correlation analyses
can be used for the baseline system model, thus improving the confidence of
baseline system performance predictions.

This volume of the report presents the results of an analysis to
correlate the system thermal mndel with the test data. A description of the

S ———— L] —s
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model is given in Section 3.0. Comparisons of pre-test predictions with test
data and a discussion of the selection criteria for post test correlation are
given in Section 4.0. Sections 5.0 and 6.0 present a discussion of the results
and conclusions about the model adequacy.
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3.0 MODEL DESCRIPTION

The primary objective of the thermal model is to provide a tool
for performance predictions of the radiator system under the design conditi. .
of maximum and minimum heat rejection. The maximum heat rejection capabil ..y
must be in the most severe enviromment and the minimum hsat rejection must
be in the most favorable enviromment for heat rejoction. Predictic.us of in-
termediate heat loads and environments are desirable, but are of secondary im-
portance.

Each of the eight modular test panels consists of 12 tubes arranged
in a "U" shaped pattern as shown in Figure 1. The innermost tube is designated
the prime tube and the other eleven tubes comprise the main system. The heat
rejection of the panel is regulated by controlling the flow split through the
main system 2nd the prime tube. At high heat loads approximately 99% of the
flow is routed to the bank of main tubes and essentially all of the panel
heat rejection is from the main system. The minimum panel heat rejection occurs
when approximately 99% of the flow is routed to the prime tube. With a low
flow and cold enviromment the main tubes begin to sequentially stagnate (freeze)
with the outermost tube flow stoppage occurring first. In the minimum heat
rejection condition most of the main system tubes are frozen and nearly all of
the panel heat rejection is from the prime system. During the transition from
the minimum to maximum heat load the stagnated tubes sequentially thaw from the
inside to the outside tube as the heat Toad demands urtil all tubes are flowing
and the maximum heat rejection is obtained.

The model objectives and system operating characteristics discussed
above have been used in the construction of the thermal model. A single tube
is used to model the bank of eleven main tubes as depicted in Figure 2. The
single tube fluid-to-tube heat transfer and pressure drop characteristics are
based on tube number 6 of the main system with a factor of 11 applier so that
the total ¢.ea for heat transfer between the fluid and tube in the model matches
the main bank of tubes. Table 1 summarizes the test panel dimensions and
the mode! parameters used. In order to conserve the number of nodes required
in the model, only tube nodes are used. A tube node is defined as any node

in contact with the fluid. Thus the tube node includes the tube and the radiating

fin between each tube. The fluid-to-tube heat transfer computation uses the

l
!
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tube temperature.

Q = h AT(TT - TF) (])
where Q = heat transfer rate BTU/hr

h = fluid heat iransfer coefficient, BTU/hr-ft2-°R

AT = fluid-tube heat transfer area, ft?

TT = tube temperature, °R

TF = fluid temperature, °R

However, use of the tube temperature in computing the net radiation

heat transfer from the panel requires that the fin effectiveness be considered.

0 = eomA T - A Qe (2)
where 3 = panel emissivity, dimensionless

g = Stephan Boltzmann constant, BTU/hr-ft2-°R4

n = fin radiation effectiveness, dimensionless

A = area for radiation, ft2

QABS = heat absorbed from the environment, BTU/hr-ft?

Therefore, the product nA is input to the model rather than the radiation
area. As previously discussed, in some operatint conditions one or more of
the main tubes can stagnate, thus reducing the fin effectiveness. For the
model to predict accurate results urder all operating conditions a variabie

fin effectiveness is required. It is not practical to obtain performance data,

by either testing or prediction with a detailed model, which would give the
test panel effectiveness variation over a wide range of inlet temperatures,
flowrates and enviromments. A main system n of 0.90 was calculated for the
maximum heat load condition with all tubes flowing. This constant value was
input to the model in accordance with the primary objective of providing a
model for maximum heat load predictions.
For low load conditions the majority of heat rejection is from the

prime tube with most of tha main tubes stagnated. This condition is modeled



by inputing an nA product for the entire panel with the majority of the flow
in the prime tube. The n calculated for this condition is 0.063.

The resulting model thus consists of two separate models - one
for the main system for maximum heat rejection conditions and one for the prime
system for minimum heat rejection conditions. There are no thermal connections
between the two systems. It is realized that this technique will resuit in
temperature predictions of the main sy..em tube below -211°F (freezing point
of R-21). This is due to the constant high main system fin effectiveness in
the modr 1, whereas the aciual fin effectiveness is reduced as tubes staqn ce.
The frozen main tube should not have an adverse effect on steady-state low
load predictions; however, transient predictions between maximum and minimum
heat rejection is not possible sincc once the main tube stagnates the model
will not predict destagnation. Figure 3 shows a typical system model schematic.

In order to correlate the model to the test data it is necessary to
predict the flow split among the panels. The panel flows are influenced L,
the panel supply and return lines, valves and flowmeters as well as the panel
characteristics and temperature. During the test the valves were manually
adjusted (partially closed) at ambient conditions to give equal flow in each
parallel path since there a.e different aumbers of valves, flowneters, and
line lengths in each path. The thermal model includus the actual line lengths
and estimatel full vpen valve pressure dr:p characteristics. However the
approach used in the correlation analysis was to artificially make the flow
distribution match the test values. This was done since the flow distribution
was manually adjusted during the test and the modeling of the partially closed
test valves is not an objective of this analysis.

During the third week of testing the radiators were allowed to
radiate from both sides with a simulated Shuttle cargo bay door on one side
(see Figure 4). The test configuration was designed to yield an effective
radiation area from the cavity, formed by the panel and sinulated dvor of
0.67 times the panel area. This factor is based on analysis of the lhuttle
configuration considering reflection between thc curved radiator and door.

The thermal mode! also used this factor. Verification of the model under the
test conditions does not verify the model for flight use because the test
configuration is based on analysis only.
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4.0 CORRELATTON ANALYSES

Pretest analyses were conducted for the originally planned 56 test
points. This data was used for real time evaluati~n of the test conditions and
results during the test. For most of the test points, deviations from the
planned test flow rates, inlet temperatures and enviromients prevent the use
of the pre-test analysis for correlation purposes. Also, a- discussed in
Volume II, several of the test conditions were altered considerably due to
operational difficulties with the enviromment simulators. Figures 5 thru 14
show 2 comparison of test results and predictions for several tes? points for
which the test conditions were close to those planned. As indicated, the
model predicticas agree well with the data with differences attributed to
different test conditions. Appendix A presents the complete pre-test pre-
dictiors, including a definition of the planned conditions. This data is of
interest e. _n though many of the test points were never run since it gives MRS
performance predictions under typical Shuttle conditions.

The test points used for post test correlation were chosen to give
comparisons over a wide range of operating conditions. It is not practical
to run the entire test sequence; however proper selection of the test points
for correlation will yield a model of known accuracy for any anticipated operating
condition. The most important operating conditio~ is at the maximum heat load
and maximum design enviromment. Accurate performance predictions for this
condition are required to insure that the radiator system capacity is sufficient
to meet the load. A high heat load with a cold enviromment condition is best
to determine model adequacy and highlight possible sources of error. Table 2
lists the test points chosen for correlation and the range of variables covered.
As indicated low and high heat loads, low and high enviromments, skewed environ-
ments, various plumbing configurations, and one and two sided radiation condi-
tions are considered in the correlation analyses.

The correlation analysis concentrated on steady state performance
predictions. Transient predictions have been made for the two-sided radiation
set point change test points to show the effect of transient inlet temperatures
and panel flow rates. No correlation was done for the transient environment
test points because only steady state enviromment data is available at this time.



Recovery transients (minimum-maximum) heat load transients were also not
correlated since the model does not predict tube freezing.
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5.0 RESULTS
5.1 High Load - Hot Enviromment

Figures 15 through 18 present temperature maps comparing the correlation
analysis results and the test data for the four test points with high heat
loads and a hot enviromment. Three different panel flow arrangements were
examined with 2, 4 and 8 parallel flow paths. For these test points the majority
of the flow is through the main system. Individual panel flows ranged from
approximately 230 to 530 1b/hr. A nominal enviromment of 130 BTU/hr-ftZ was
imposed on a1l panels during these test points. This i3 representative of the
maximum absorbed heat expected for the Space Shuttle radiators with a solar
absorptivity of 0.25 and an emissivity of 0.90.

As shown on the temperature maps, the analysis and test data for the
main system temperatures show excellent agreement. The maximum difference is
4,7°F with most of the differences 3.0°F or less. All mixed main system outlet
temperatures agree within 2.0°F. The predicted prime system temperatures are
consistently lower than the test temperatures. This is attributed to the
modeling technique which does not account for the thermal interaction between
the prime and main system. The test data indicate that :ith full main system flow
the hot innermost main tube (adjacent of the prime tube) affects the prime tube
temperature. The test conditions had the prime inlet Tower than the main system
inlet resulting the prime system having a temperature rise in the first panels.
For example TP-1A has a prime inlet temperature of 91.5°F and the prime outlet
of panels 1 and 5 are 105°F and 108°F. The model does not consider the hot
main tube adjacent to the prime tube and thus predicts a lower prime temperature.
However, due to the low prime fiow, the prime temperatures do not influence
total system performance as indicated by the mixed prime and main temperatures
of Figures 15 through 18 . Thus prediction of the prime temperatures under
these conditions are not importauc. This is further illustrated by the heat
rejection rates presented in Tables 3 through 6 . Individual panel and
total system heat rejection computed from the predicted and test data are
compared for the four test points of interest. This data indicates that although
the predicted prime heat rejection is in considerable error, there is negligible
effect on the total panel heat rejection. The panel and system heat rejection
data also indicate the good agreement between the analysis and test.
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5.2 High Load - Cold Enviromment

Correlation to the high 10ad - cold enviromment test results is
a good indication of model adequacy since large temperature drops with
relatively high flow rates occur under these conditions. The enviromment does
not have a strong effect on panel temperatures and smali model errors are
amplified. Figures 19 and 20 present the comparative temperature maps for
test points 10 and 51. Good correlation is shown for the main system with the
exception of panel 1 outlet temperature for test point 10. No explamation is
offerred for the approximately 9°F difference between the predicted and measured
temperature other than a possible measurement error. The reported enviromment
for panel i was higher than the other panels suggesting a possible error in the
computed enviromment. However, the results of an environment pertubation analysis
shown in Figure 21 indicates that enviromment errors much greater than 5% would
be required to account for the temperature differences.

The prime system temperatures do not show as good agreement as the
main system especially for test point 51. The discussion of the prime system
predictions given in paragraph 5.1 also applies to this case. Although the
prime system flow is high the temperature drop is small and the contribution to
total heat rejection is small.

Although the predicted and measured main and prime system outlets of
test point 10 are nearly identical, the measured prime and main mixed temperature
is 5.7°F below the predicted value. This is attributed to either a measurement
error or heat transfer to the system return line which is not considered in the
model.

} Tables 7 and 8 compare the panel and system heat rejection comp.ted
: from the analysis and test data. The prime system predicted heat rejection deviates
considerably from the test data, especially for test point 51. The main system
L heat rej=ction compares favorably and the prime system error is damped out
- in the total heat rejection. The predicted system heat rejection is within 4%
of the test data for test point 51 and within 0.3% for test point 10.

e b e

g 5.3 Low Load - Cold Enviromment
As discussed in paragraph 3.0, the modeling technique does not allow
accurate main system predictions under low load conditions. The correlation
analysis under low load conditions was conducted to determine the severity of
the low load modeling restrictions and to give an indication of when the low
load predictions become unacceptable. The general poor correlation of the

. awed

main system is reflected in the temperature maps shown in Figures 22 thrcugh 24

L ‘ 10




AR s VAR

P ¥

for test points 17, 17A and 36. The main system temperatures are consistently
predicted lower than the test values. Predictions for test points 17A and 36
show main panel outlets below the freezing point of R-21 (-211°F). This is
because the main panel efficiency is input at a constant value to obtain accurate
predictions for the high Lcat load case. The test panel affectiveness is
greatly reduced due to Tow flow in the cuter tubes; thus, the test temperatures
are above the predicted values. For test point 17A the panels with a predicted
outlet below -211°F are in series and the only effect is a high panel pressure
drop in addition to the cold temperature predictions. Test point 36 however,
has 3 parallel flow paths and the prediction of frozen panels results in a
main system flcw instability with all main flow routed to one leg.

The predicted prime temperatures are in fair agreement with the test
data. The predicted values are generally higher than the test values indicating
that the previous agreement that the hot main temperatures caused the prime
predictions to be low is valid. Under the low load conditions the main system
has less effect on the prime system.

Since the prime system has a small temperature drop, even small
ditferences in predicted and measured temperatures can cause large percentage
differ :nces in the heat rejection. This is illustrated by the heat rejection
data in Tables 9 through 11 . Test point 17A prime system outlet is
predicted only 0.4°F higher than the measured temperature but the predicted heat
rejection is 11% lower than the test data. However, the heat rejection is only
115 BTU/hr lower than the test. The total system predicted and test heat rejection
rates ~ompare favorably for test points 17 and 17A even though the main system
predicted heat rejection is high.

£.o High Load - Skewed Enviromment

Figures 25 through 31 present temperature maps comparing the
predicted and measured data for high load conditions with hot enviromments on
some panels and cold enviromments on others. This data is also for two sided
radiat.on, except for Figure 30 , with a simulated cargo bay door on one side
as <hown in Figure 4. The predicated temperatures are in fair agreement for all
test points in this group. Test points 53-56 and 59 are part of the transient
correlation analysis ( paragraph 5.5 ). For these test points the predictions
used a temperature control valve to predict the flow split between the prime
and main systems. A1l other analysis used test values for the main and prime
systems flow since correiation under known conditions is required. The flow

n
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split predictions are dependent on the temperature predictions and small

errors tend to be amplified by ditferent flow rates. The predicted flows

are in general agreament with the test values, but errors as large as 117 1b/hr
do occus (Figure 27 , test point 55 total main flow). It should be noted that
the individual leg measured flow rates do not sum to the total measured flow.
The correlation analysis assumed the total flow measurements were more accurate
and ‘he leg flow rate measurements were used only to estimate the percentage
of the total flow in each leg.

The main temperature predictions correlate adequately with the test
data with the best agreement for test points 27 and 49. The prime temperature
predictions are low “or the reasons previously discussed in addition to the
fact that the prime tube is located at the junction of the radiator and cargo
bay door simulator and the effective radiation area may be less than the
analytically determined factor of 0.67.

Tables 12 through 18 show the haat rejection computed from the
predicted and test data. The predicted riain system heat rejection agrees
closely with the test data. The prime heat rejection is in considerable error.
As in previous cases the prime system has a small affect on the total heat
rejection and the total predicted and test values show good agreement.

5.4 Low Load - Skewed Enviromment

During some Shuttle operating conditions, it is possible that some
radiator panels could absorb heat while others are rejecting heat. A comparison
of predicted and test temperature maps under this condition are shown in

Figures 32 and 33 . The temperature map for test point 14 (Figure 32) indicates

the same general trend for those panels with a low enviromment as previously
discussed, i.e., the main and prime temperature predictions are low. Panels 4
and 2 have a high enviromment (180 BTU/hr-ftZ) and absorb heat. As indicated,
the temperature rise across panel 4 (33.5°F predicted vs 32.8°F measured) and
panel 2 (26°F predicted vs 25.3°F measured) shows good correlation.

The temperature map for test point 47 (Figure 33 ) is another
j1lustration of the low load prediction capabilities of the model. The cold
enviromment on panels 5, 7, 8 and 6 results in a predicted main system outlet
below ~211°F and flow stoppage in this leg. The prime temperature predictions
are in good agreement with the measured data for this test point.

12
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Tables 19 and 20 show the comparative heat rejection of the
individual panels and systems. The total main heat rejecticn for test point
14 is in considerable error, but panels 2 and 4 predictions match the test
data indicating the model correctly predicts heat absorption. As {in previous
analyses the prime system heat rejection for both test points have large
percentage errors even though the prime temperatures agree.

5.5 Transient Correlation

Transient enviromment data was not available at the time of this
analysis, so the model could not be verified in this area. However, test
points 53-56 and 59 examined the radiator response to changes in the outlet
temperature control point, which resulted in transient prime and main system
flows. Between test points 55 and 56 there was also a transient in the prime
inlet temperature (from approximately 162 to 135°F in a 1.5 hour period).
The main inlet remained constant during this time. Figures 34 and 35
compare the analysis and test data for these test points. The predicted flow
rates and outlet temperatures show good agreement throughout the transient.
The outlet temperature transients for these test points are of the same order
as expected for the orbital environment variations indicating that the model
should provide good predictions with cyclical orbital enviromments.

2.6 Pressure Drop Correlation

The test systems contained numerous valves to allow the plumbing
arrangements to be changed during the test. These valves and unequal supply
and ~eturn 1ines resulted in unequal pressure drop characteristics of parallel

flow paths. Also, flowmeters in some flow paths increased the flow resistance.
During the test each flow system was artifically balanced under ambient conditions

by partially closing one or more of the flow control valves. The correlation
analysis was also conducted with artifically balanced flows to match the test
data; thus the model flow distribution prediction has not been verified. In-
dividual measured panel pressure drops can be compared to predicted values to
verify the model. If panel pressure drops can be accurately predicted, the

correct flow distribution should follow since pressure drop predictions of flow

in adiabatic supply and return lines is straight forward.

13
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A survey of all predicted and measured pressure drops shown on
the temperature maps of Figures 15 through 33 indicates good correlation.
Table 21 summarizes this data and gives the percentage error for each panel.
Panel 1 measured pressure drop was consistently much higher than the other
panels and the predicted values. This panel had a different tube restrictor
design than the other panels and is not included in the pressure drop
correlation analysis. The predicted pressure drops for those points which
the model predicts a main system freeze-up are ir considerable error as
erpected. Test points 53-59 pressure drops do not show as good agreement also
because of differences in the main flow rates. For all other test points the
maximum error is less than 1.0 psi. Panel flow rates ranged f.m approximately
800 to 6 1b/hr.

14
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6.0 CONCLUSIONS

A thermal model of the Modular Radiator System proposed for use
on the Space Shuttle has been developed and verified by comparison to thermal-
vacuum test data. The test panel configuration is thermally similar to the
anticipated flight hardware configuration, and application of the test panel
modeling techniques to the flight panel should provide an accurate model for
the radiator system performance evaluation.

The model predictions show excellent agreement with the test data
for the high heat load-hot enviromment conditions; thus indicating that one
of the primary objectives of the model (providing good predictions under maximum
load design conditions) has been met. The second primary objective of providing
good performance predictions under the minimum load design conditicns has also
been met, although low load cor-~lations were generally not as good as the
high load. Careful evaluaticr ¢f the low load predictions are required to
insure that flow instability 1. parallel flow paths caused by erroneous panel
freeze predictions do not cause large errcois in system performance. As ex-
pected, predictions under conditions in which the majority of the flow is not
routed to either the prime or main system are the least accurate, but are
considered adequate.

Transient performance predictions have been veritied by comparisors
to test data in which the flow split between the prime and main systams
varied due to changes in the mixed outlet temperature control point. These
flow variations are similar to expected orbital variations caused by changing
enviromments.

Comparison of predicted and measured panel pressure drops over a
wide range of flows and temperatures indicates accurate model predictions and
should insure accurate panel flow rate predictions in any panel plumbing
arrangement.

The correlation analyses indicated that improvements in the pre-
dictions of intermediate load anc/or enviromment conditions could be made by
considering the thermal interface between the prime and main system. The
present model is adequate for the stated objectives and revisions for test
panel correlation were not considered necessary at this time. As the flight

15
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configuration evolves and performance prediction criteria are more firmly
established, consideration should be given to accounting for the prime/main
interaction and developing a technique for modeling the variable panel
effectiveness if so required.
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Predicted
Test
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Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predisted
Test

TABLE 3
HEAT REJECTION
TEST POINT _a 1A

BTU/HR

PRIME MAIN TOTAL
4.4 5540.3 5544.7
-23.9 6100.5 6076.6
0.8 1,7 - 1210.3
5.3 9ot ,; 996.4
3.8 3492.7 3496.5
8.9 3064.5 3073.4
2.0 1997.1° 1999.1
1.8 1863.5 1865.3
3.7 5481. 5484.7
-26.7 5776.2 5749.¢
1.2 1175.4 1176.6
9.7 984.6 994.3
3.3 3337. 3340.3
1.4 3241.2 3252.6
2.3 1941.5 1943.8
-1.6 1996. 1994.4
21.1 24126.4 24147.5

38.4 24245.6 24284,
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Test

Predicted*
Test

Predicted
Test

measured.

TABLE 4
HEAT REJECTION

TEST POINT _ o 45

BTU/HR
PRIME

16.9

3.1
17.2
2.6

o~ £ O
AN o0

20

MAIN TOTAL
3436.9 3506.

3515.9 3519.

3442.6 3459.8
3735.4 3738.

3441.4 3458.2
3695.2 3699.8
3477.1 3494.3
3777.5 3778.
28031.1 28159. 4
29175.4 29229. 2

*Data wasn't available tor Panels 3,4,7,8, since flow splits were not
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SYSTEM

Predicted
Test

Predicte”’
Test
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Test

Predicted
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Predicted
Test

Predicted
Test

Oredicted
Test

Predicted
Test

Predicted
Test

TABLE 5

HEAT REJECTION

TEST POINT _ y 32

3
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MAIN

4911.9
4869.2

4958.9
5229.0

2963.¢€
3006.9

2978.7
3012.3

4997.4
5397.8

5029.7
5407.7

2985.5
3084.1

3030.6
2957.9

31856.
32465.1

TOTAL

4932.3
4864.9

4979.3
5221.8

2976.
3032.5

2991.4
3038.

5019.1
5386.3

5051.5
5389.5

2999.9
3417.

3045.2
2984.3

31993.8

32569.2
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Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicied
Test

TABLE 6
HEAT REJECTION
TEST POINT ad

BTU/HR
PRIME MAIN
3.1 1999.1
-7.3 1941.4
- .8 209.9
1.6 140.
1.2 1090.4
-7.9 846.9
1.2 730.6
6.3 560.2
2.2 1854.1
-11. 1743.9
-0.7 267.8
0.0 0.0
1.7 11585.3
3.7 1147.
1.4 764.2
3.7 710
9.8 7989.7
30.4 7433.4
22

TOTAL

2002.2
1933.5

209.1
141.6

1091.6
839.

731.8
566.5

1856.3
1732.3

267.1
0.0

1157.
1150.7

765.6
73.7

7999.5
7463.8
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PANEL

SYSTEM

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

TABLE 7
HEAT REJECTION

TEST POINT a 10

PRIME

297.9
213.9

310.4
424.7

302.8
212.

149.
150.1

1199.5
1199.5

BTU/HR

MAIN

6641.9
7251.5

4034.4
36%.

2348.6
2267.

1342.7
1008.7

13952.5
13994.7

23

TOTAL

6939.8
7466.4

4344.8
4120.7

2651 .4
2479.

1491.7
1158.5

15152.
15194.2
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Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

TABLE 8

HEAT REJECTION

TESTPOINT Y 51

PRIME

535.0
264.6

534.0
440.3

518.5
233.6

519.4
58.2

537.9
231.8

537.9
166.2

516.1

@
3835
00—~

4207 .8
1969.4

24

BTU/HR

MAIN

11111.6
115636.2

11102.8
10802.5

5577.5
5431.9

5561.3

5079.8

11234.0
11499.6

11225.1
11499.6

£578.9
5776.0

5653.
5583.7

66791.0
66400.0

TOTAL

11646.6
11800.8

11636.8
11242.8

6096.
5665.5

6080.7
5138.

177.9
1M731.4

11763.
11665.8

6095.
6005.7

6169.1
5887.5

70998.8
68369.4
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TABLE 9
HEAT REJECTION

TEST POINT _a 17

BTU/HR

PRIME MAIN
1387 571.4

0.0 551.
135.3 49.8
715.8 10.2
148.6 73.8
134.8 27.4
135.1 -3.9

0.0 -7.4
553.7 691.
850.8 424.4

25

TOTAL

706.7
551.

185.1
726.

222.4
162.2

131.2
-7.4

1244.7
1275.2
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Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

TAELE 10

HEAT REJECTION
TEST POINT _g 178

PRIME

142.5
213.1

172.5
287.6

142.7
596.7

172.°
~287.6

130.9
218.7

145.4
769.6

920.2
1035.3

BTU/HR

=

P XY
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N N~ [« W\
NO -t N

ol
L =

273.9

138.9

220.
197.1

wo

TOTAL

355.
319.2

165.5
375.2

144.8
612.6

446.4
-148.7

350.9
415.8

152.4
802.9

1634.4
1584.
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Test

Predicted
Test
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Test

TABLE 11

PRIME

172.9
27.4

172.6
673.9

173.1
117.8

173.1
117.8

172.7
529.1

172.7
176.5

1036.1
1709.7

27

HEAT REJECTION
TEST POINT __y 36

BTU/HR
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TOTAL

117.5
700.1

173.
818.4

177.7
894.1

21Nn.3
7.4

173.1
711.5

881.4
333.7

3775.9
4178.5
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TABLE 12
HEAT REJECTION

TEST POINT y 53

BTU/HR
PRIME MAIN
MN.3 6316.2
163.0 6593.7
3.3 6343.9
53.6 : 6472.7
297.4 2193.6
123.6 1898.5
314.5 2371.6 -
90.7 2069.3
484.3 9517.8
200.1 9257.2
484.3 9517.8
1.2 9976.3
466.7 4002.3
44.3 3761.1
466.7 4008.1
-536.5 3996.4
3157.3 44007.0
945.9 43911.3
28

TOTAL

6628.2
6696.7

6655.2
€526.3

2491.0
2022.1

2686.
-2160.

10002.
9457.
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TABLE 13

PRIME

301.7
105.5

304.2
78.8

279.8
185.1

279.8
194.9

444.3
126.4

446.4
87.8

413.5
223.1

413.5
79.3

2856.0
1411.8

29

HEAT REJECTION
TEST POINT __y 54

BTU/HR

MAIN

8945.3
9435.9

8991.
8833.

4444,
4449,

4410.
4394,

13113.
13083.

~ A ~mMn o om oW

13088.
13708.

- O

7311.
7204.

7337.
7296.

o~ N

66757.
67791.

o

TOTAL

9247.
9541.

9296.
8912.

4724,
4635.

4690.
4589.

13557.
13180.

13535.
13796.

7724.
7427.

7751.
7376.

69613.
69203.
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Test
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Test
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TABLE 14

HEAT REJECTION

TEST POINT __y 55

PRIME

362.0
116.6

361.6
123.6

340.5
196.3

340.1
190.7

517.¢
123.3

517.4
123.3

492.8
278.2

492.8
-33.6

3399.7
1703.1

30

BTU/HR

MAIN

8531.
9100.

8547.
8411.

3967.
3929.

3921.
3885.

12537.
12616.

12528.
13135.

6690.
6623.

6710.
6581.

62872.
63774.
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8893.
9217.

8908.
8535.

4307.
4125.
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4075.

13055.
12739.

13045.
13253.
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6901.

7203.
6548.

66272.
65477.
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Predicted
Test
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Predicted
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TABLE 15

HEAT REJECTION

TEST POINT __y 56

PRIME

301.3
156.4

301.3
17.4

291.4
43.3

291.4
181.7

470.0
243.1

470.0
156.8

465.8
43.2

465.8
-541.2

3043.7
1136.3

3

BTU/HR

=

6278.
8831.

W

6291.
7901.

2131,
2419.

2143.
2492,

9506.
12666.

9467.
13207.

N O Fo ~y —

N w0 [V )

3946.
5164.1

—

3963.
5329.

(3, ee]

43460.0
43366.9

TOTAL

6579.7
8987.7

6592.4
7919.1

2422.5
2462.7

2434.4
2673.9

9976.1
12910.0

9937.9
13364.0
§411.9
5207.3

4429.6
4788.3

46503.7
44503.2
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TABLE 16

HEAT REJECTION

TEST POINT _y 59

2909.6
1416.9

32

BTU/HR

IN

8994.5
9494.5

9043.7
8791.3

4470.7
4411.8

4528.3
4347.2

13240.9
12999.0

13240.9
13511.1

7372.2
7125.6

7372.C
7324.7

67489.6
68104.3

JOTAL

9302.
9604.

9351.
8874.

4750.
4587.

4813.
4533.

13693.
13137.

13693.
13611.

7789.
7358.

7789.
7434.

70399.
69521.
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TABLE 17
HEAT REJECTION

TEST POINT _ y 49

BTU/HR
PRIME MAIN
7.3 1330.
1.3 1130.5
6.8 1288.9
-1.3 1101.8
60.7 5543.5
46.9 4946.3
60.7 5556.9
46.9 5783.5
6.6 1269.4
-1.5 1091.6
6.3 1255.4
-4.6 1101.8
31.1 3240.6
36.6 3116.1
33.0 3384.9
30.5 3545.0
212.2 22817.6
175.3 22055.2
33
m f Vo iea e ais a o | e ~‘-.,.,-,-n“'ﬂ"'""|"" v

TOTAL

1337.
1131.
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4993.
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1261.
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TABLE 18

HEAT REJECTION

TEST POINT __y 27

299.4
236.9

BTU/HR

IN TOTAL
8310.7 8339.4
8581.7 8577.6
8310.7 8339.4
1628.0 7331.6
4020.7 4038.7
3783.9 3829.6
3942. 3959.°
3554.2 3602.3

123065.5 12372.3
11857.3 11776.9
12265.3 12327.8
12629.3 123545.1
6595.5 6€35.7
6261.1 6309.5
6705.2 ¢746.3
6447.9 6491.5
62128 4 62427.8
60464 . 60700.9
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TABLE 19
HEAT REJECTION
TEST POINT _a 14

BTU/HR

PANES. PRIME MAIN TOTAL

1 Predicted 307.5 2951.5 3259.

Test 234.3 2245.7 2480.
2 Predicted 43.2 -1982.9 i -1939.7
Test -170.8 -1910. -2080.8
3 Predicted 296. 2394.6 2690.6
Test 404.3 2133.3 2537.6
4 Predicted 52.1 -6393.5 -6341.4

Test 170.8 -6189.8 -6019.
5 Predicted 306.5 2953.8 3260.3
Test 159.9 2347.5 2507.4

6 Predicted 282.8 1428.2 1711.

Test 262.1 1254.9 1617.

7 Predicted 296.2 2405.8 2702.
Test 415.2 3787. 4202.2
8 Predicted 336.7 3726. 4062.7
Test -8.8 1807.7 1798.9

SYSTEM
Predicced 1910.9 4168.6 6079.5
Test 2445, 2054.3 4496.3
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PANEL

SYSTEM

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

Predicted
Test

TABLE 20

HEAT REJECTION
TEST POINT

PRIME

- 48.6
-203.4

- 244
-37.

-24.4
251.3

0

0.
157
9

WO (=

5

49.
169.8
135.7

170.1
259.6

169.8
0.0

534.7
607.6

36

o 47

BTU/HR

IN TOTAL
-44.5 -463.1
-370.1 -573.5

25, 0.6
63.8 -307.2
- 99.4 -123.8

0.0 251.3
-124.8 -124.9
- 63.8 - 63.8

7.5 165.4
1658.6 1708.1

-0.02 169.78
65.7 201.4
0.2 170.3
553.4 813.
-.12 169.7
224.6 224.6
-523. 11.7
1543. 2150.6
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FIGURE 2 PANEL THERMAL MODEL
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Tin Main 163(162.7)

Tin Prine 163{148.7)
Flow Main 2171(2099)
Flow Prime 25.2(14.7)

FIGURE 5 COMPARISON OF PRE-TEST PREDICTIONS AND TEST DATA
TEST POINT 2-1

Flow Main
Flow Priite

Panel

1 | Qs 55.6(60.8)

-

Tenp Prime 129.1(92)

Panel

nel | Qpgs 35.2(39.7)

Temp Main 102.2(100)
Temp Prime 99.6(80)

QABS 35.2(34.2)

Panel
’ 4

. Temp Main 78.5(76)
' Temp Prime 80.9(72)

——

Dett, Panel Q
L ABS
“ of 2

35.2(39.2)

Temp Main 58.8(57.4)
¥ Temp Prime 70.0(65)

Temp Main 131.0(129.6)

Flow Main
Flow Prime

Panel
. 5 QABS 55.6(59.6)

Temp Prime 129.0(94)

Panel QASS 64.5(71.6)

7 —————n

Temp Maini06.6(106)
Temp Prime 104.8(84)

Panel

Q
8 ABS

Temp Main 87-0(87)
Temp Prime 85.6(81)

Panel
6

Qs 64 5(71.4)

Temp Main 71.3(73)
Temp Prime 63.5(72)

Numbers in parenthesis are test values

Numbers not in parenthesis are predicted values

42

Tout Main 65.1(64.7)

Tout Prime 70.0(74)

Temp Mixed Prime and Main 65.1(65.8)

Temp Main 131.1(129.6)

64.5(70.3)
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FIGURE 6 COMPARISON OF PRE-TEST PREDICTIONS AND TEST DATA
TEST PQINT 10

-I'in Main ]62.4(]63-6)
Tin Prime 162.4(161.8)

Flow Main 348(283)
| Flow Prine 200(268)

Flew Hain _348(283) Flow Main e
Flow Prime 200(268) Flow Piime A
Panel Panel
1 | %ps 30045.1) Qps—
Tenp Main 77.3(65.8) Temp Main
Temp Prime 156.8(159.) - - ‘ Temp Prime
Pagel QABS 30(34,8) : Fanel QABS-
Temp Main _26.4(16.3) Temp Main
Tenp Prime 151.4(153.4) Temp Prime
Pazel QABS 30(30) Panel QABS
Temp Main _-6.1(-17.5) Temp Main -
Temp Piiiie 146.2(150.6) Temp Prime
Pa;fl Qs _30(32.6) Panel Qgs
Tenp Main -27.8(-35) Temp Hain i
Temp Prime 141.1(147.8) Temp Prime _

Tout Main -27.6(-35)
Numbers in parenthesis are test values Tout Prime 141.1(145)

Numbers not in parenthesis are predicted values

Temp Mixed Prime and Main _40.2(55.3)
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FIGURE 7 COMPARISON OF PRE~TEST PREDICTIONS AND TEST DATA
TEST POINT 12

| Tip Main 26.8(14.2)
; Tip Prime 151.4(154.3)
i Flow Main _600(573)
Flow Prime 499(536)
Flow Main 308(265) Flow Main 292(2695
Flow Prime 252(312) Flow Prime 247(312)
P ’ P
anel | Qgg 30(32.8) | anel | Qugg 30(30.7)
Temp Main -8.5(-16.4) | Temp Main -9.8(-16.4)
Temp Prime 147.2{149.9) Temp Prime 147.2(150.5)
[vPane] ‘ Pane]
l’ 3 | Qs _30(31.8) 7 1Qups _20(31)
emp Mai- _ '1.3(-33.8) Temp Main -32.9(-35)
Femp Prime 143(144) Temp Prime 142.9(144)
... Temp Main _-32.4(-33.8)
) Temp Prime 142.9(145 )

Panel {Qyps 20(7.9) .

Numbers in parenthesis are test values

Temp Main -45.5(-52.9)
Temp Prime 140.7(141.1)

Pane)
? QABS 20(7.4)

Tout Prime 138.5(144.0)

Numbers not in parenthesis ar edicted val
P ~ & predicted values Temp Mixed Main and Prime _40.2(39.5)

| P
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CONT IGURATION a
FIGURE 15 TESY POINT 1A CORRELATION

Tin Main 176.3(178.3)
Tip Prime 91.5(91.5)

Flow Main 1094.(1094.)
Flow Primel3.2(13.2)

Flow Main 545.1(611.) Flow Main 548.9(607.) !
Flow Prime 6.6(8.2) Flow Prime 6.6(7.6) ‘
Panel Panel
1  {aP ¥ain 5.6(6.5) 5 JAP Main5.7(5.7)
Temp Main 142.7(139.2) Temp Main 143.3(141.1; ;
Temp Prime 88.9(105.) : Temp Prime 89.3(108.) |
Parel | ap Main 5.5(5.5) Panel | ap Main 5.6(5.7) |
Temp Main _119.8(118.) Temp Maint20.8(119.) ‘
Temp Prime 86.6(100.) Temp Prime 87.3("" .)
Panel |AP Main 5.4(5.7) Panel | AP Main 5.4(5.1)
4 8
Temp Main 105.8(105.) Temp Main 106.5(105.)
Temp Prime _85.4(99.) Temp Prime 85.9(102.)
Page‘ AP Main 5.3(5.7) Parel | P Main 5.4(5.7)
Teap Main 97.2(58.) Temp Main 97.7(98.)
Temp Prime 84.9(96.) Temp Prime 85.2(96.)
1

Tout Main 97.4(97.)
Numbers in parenthesis are test values Tout Prime 85.2(80.) !

Numbers not in parenthesis are predicted values
Temp Mixed Prime and Main _97.3(96.)
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CONI"1GURA
FIGURE 18 TEST PCIN

TI0N «
T 4 CORRELATION

Tip Main 116.(116.)
Tip Prime 86.(86.)

Flow Main 1106.(1106.)
Flow Prime 13.4(13.4)

—
Flow Main 551.(577.)
Flow Prime 6.7(7.)

Panel
1 |oP Main 5.5(6.9)

Temp Main 102.5(102.)
Terp Prime 84.2(91.)

Panel | p Main 5.5(5.7)

Temp Main 94.8(96.)
Temp Prime 83.5(86.)

Panel |AP Main 5.5(5.9)

4

Temp Main 89.6(92.)
Temp Prime 82.8(87.)

Panel

2 AP Main 5.4(6.1)

Temp Main 88,1(91.,)
Temp Prime 83.3(88.)

Flow Main 555.(585.)
Fiow Prime 6.7(8.1)

Panel

5 P Main 5.6(5.9)

Temp Main 103.2(104.)
Temp Prime 84,7(92.)

Panel

AP Main 5.5(5.9)

Temp Main 95.1(96.)
Temp Prime 83.7(90.)

21 | AP Main 5.5(5.9)

Temp Main 89.7(91.)
Temp Prime 82.9(88.)

Pane)

AP Main 5.5(5.5)

Temp Main 87.8(91.)
Temp Prime 83.3(88.)

Numbers in parenthesis are test values
Numbers not in parenthesis are predicted values

55

Tout Main _88.(90.)
Toui Prime 83.1(77.)

Temp Mixed Prime and Main _87.9(90.)
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CCRTICUIATION a
FIGURE 19 TEST POINT 10  CORRELATION

Tin Main 163.6(163.6)
Tin Prime 161.8(161.8)

Flow Main 283,(283.)
Flow Prime 268, (268.)

Flow Main 283.(283.)
Flow Prime 268.(268.)

Panel

1 AP Main 1.5(2.3)

Temp Main 74.7(65.8)
Temp Prime 157.9(159.) -

Panel | rp Main 1.4(1.6)

Temp Main 20.7(16.3)
Temp Prime 153.8(153.4)

Panel | AP Main 1,3(1.2)

+

Tenp Main -14.21(-17.5)
Tenp Prime 149.8(150.6)

l

P"";e’ AP Main 1.2(1.8)

11 ——

Temp Main -34.4(-32.7)
Temp Prime lﬁ§.9(147.8)

Flow Main
Flcw Prime

Panel

Temp Main
Temp Prime

Panel | 4o Main

Temp Prime

Temp Main -
Temp Prime

Panel

Temp Main
Tenp Prime

Numbers in parenthesis are test values

y

Numbers not in parenthesis are predicted values

56

Tout Main ‘34.4("35.)
Tout Prime 145.9(145.9)

Temp Mixed Prime and Main 61.04(55.3)

-

AP Main

Temp Main o

Panel | AF Main __

AP Main .
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CONIGURATION
FIGURE 21 TEST pOINT 10  CORRELATION

Tin Main 163.6(163.6)
Tin Prime 161.8(161.8)

P v
Pane: 13E:v; :nn:nt Dec:e;sed SZEd o Flow Main 283.(283.)
anels 3,4, :Z”tgnmen ncreas Elow Prime 268.k268.)
Flow Main 283,(283.) Flow Main
Flow Prime 268.(268.) Flow Prime
Panel Pane!
1 |AP Main _1.5(2.3) . 4P Main
Tewp Main 73.5(65.8) Temp Main
Temp Prime 157.8(159.) ' Temp Prime
Page] AP Main 1.2(1.6) Panel | \p Main
Temp Main 21,0(16.3) Temp Mai
Temp Prime 153.8(153.4) Temp Prime _
Panel | AP Main _1,4/1,2) Panel | AP Main .
4 l
Temp Main -13.0(-17.5) Temp Main .
temp Prime 149.8(150.6) Temp Prime __
Panel |ap Main _1.3(1.8) Panel | xp Main
Temp Main -32.6(-32.7) Temp Main
Temp Prime _145.9(147.8) Temp Prime _

Tout Main -32.6(-35.)
Numbers in parenthesis are test values Tout Prime 145.9(145.9)

Numbers not in parenthesis are predicted values
Temp Mixed Prime and Main 61.9(55.3)
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CORFIGURATION o
FIGURE 22 TYEST POINT _17 _ CORRELATION

L

Tin Main 55.3(55.3)
I Tin Prime 53.2(53.2)
Flow Main 17.1(17.1)
' | Flow_Prime 549.(549.)
Flow Main _17.1(17.1) Flow Main _
I Flow Prime 549.(549.) Flow Prime ~
Panel _ Panel
l 1 |a° Main _0.03(0.0) . AP Main )
l Temp Main .86 6(-81.4) Temp Main
[ Temp Prime §2.2(53.2) -~ ' Temp Prime _
g Pagel AP Main 0.03(0.2) Panel AP Main
¢
i i
L Temp Main -99.4(-84.) Temp Main
, Temp Prime _51.2(47.9) JTemp Prime _
i i '
7 Panel | 4P Main 0.04(0.0) Ponel | AP Main
% 4
. .
;o 1— Temp Main _-118.5(-91.) Temp Main - _
Temp Prime 50.1(46.9) Temp Prime
S 4 i‘ Panel | .o Main 0.04(0.2 Panel .
i 7 .04(0.2) AP Main
8|
: i . Tenp Main -1i7.5(-89.1) Temp Main o
'%""* Temp Prime 49.1(46.9) Temp Prime
& {( L-—-—-——
b
. Tout Main -117.4(-49.2)
; & Numbers in parenthesis are test values Tout Prime 49.1(46.9)
§ Numbers not in parenthesis are predicted values
: g . Temp Mixed Prime and Main 44.4(46.9)
59
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CON IGURATION £
FIGURE 23 TEST POIKT 17A CORRELATION

Tip Main 51.6(51.6)
Tin Prime 52.6(52.6)

Flow Main11.6(11.6)
Flow Prime1169.(1169.)

e —
Flow Main 5.4(8.1)

Pa?e‘ AP Main .01(0.0)

Temp Prime 51.6(51.1)

Panel I

3 AP Main .01(0.2)

Temp Prime 50.6(46.9)

Flow Frime 579.1(329.)

Temp Main -116.2(-57.7)

Temp Main -117.9(-74.5)

Panel
14

~

Panel
7

Flow Main6.2(14.8)

Flow Prime589.9(337.)

AP Main .01(C.0)

Temp Main-100.2(-59.4)
Temp Prime 51.7(51.1)

AP Main .01(0.2)

Temp Main-105.2(-78.7)

Temp Prime 50.7(45.8)

Temp Main -113.3(-65.9)
Temp Prime 50.6(49.)

4

Panel | 4p Main 6.5(0.0)

Temp Main -220.4(-118.5)
Temp Prime50.(50.)

Numbers in parenthesis are test values
Numbers not in parenthesis are predicted val ies

60

.

Panel
2 AP Main 25.8(0.2)
Tout Main -217.6(-152.3)

Tout Prime 49.4(49.)

Temp Mixed Main and Prime 33.4(46.9)
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CONF IGURATION a
FIGURE 32 TEST POINT _14  CORRELATION

Tip Main 18,4(18.4)
Tin Prime 152,4(152.4)

Flow Main 1615.(1615.)

| Flow Prime 626.(626.)

Flow Main 801.9(752.)
Flow Prime 313.2(342.)

Panel

] AP Main 10.7(15.0)

Temp Main 3.(6.5)
Temp Prime 148.9(149.7)-

Pt

r“'-d

P- reime o et

"age‘ AP Main 10.6(11.5)
Temp Main -9.6(-4.9)
Tenp Prime 145.5(145.)

Panel | AP Main 10.7(11.7)
4

Temp Main _23.9{27.9)
Temp Prime 144.9(143.)

Panel

2 AP Main 10.9(12.1)

Temp Main _49.9(53.2)
Temp Prime 144.4(145.)

Flow Main 8)3,1(786.)
Flow Prime 3]2,8(350.

Panel

5 Main 11,(12.1)

Temp Main 3.2(6.5)

Temp Prime 148.9

Panel
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Temp Main -9.3(~12.9)
Temp Prime 145.5
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Temp Prime 141.6

Panel i
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Yemp Main36.3(-29.2)
Tomp Prime 138.3
T3y

Numbers in parenthesis »re test values
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Numbers not in parenthesis are predicted values
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[ CONFIGURATION a
! - FIGURE 33 TESY TOINT 47 _ CORRELATION
|

|

‘ Tin Main 49.5(49.5)
i Tin Prime 51.5(51.5)

Flow Main.126(50.)
Flow Prime 494.(505.)

Panel

5  |oP Main 0.2(0.4)

Temp Main-211.1(-99.4
Temp Prime50.2(51.1)

Parel 1 Main0.3(0.4)

Temp Main-217.(151.3)
Temp Prime 48.8(49.)

Panel | AP Main0.3(0.2)

Temp Maimiz, 5(-172.7;
Temp Prime 47.4(49.)

"‘ge‘ AP Main 0.3(0.4)

Temp Main-211.7(-179.)

B
: Flow Main 111.(111.)
I3
| Flow Prime_988.(988.)
o Flow Main 110.9(67.3)
3 Flow Prime 494.(488.)
: Panel
1 |aP Main 0.23(0.4)
Teup Main 64.6(73.)
Tenp Prime 51.9(53.2)
Panel | o Matn _0.23(0.2)
| Temp Main 68.2(73.)
| Temp Pr.me 52.1(51.1)
3 . ¢
! : Panel | AP Main 0.23(0.0)
. S Temp Main 72.7(77.)
. Temp Prime 52.4(51.1)
5 Panel | ap Main 0.23(0.2)
I
i - Temp Main 71.8(73.)
N o Temp Prime 52.6(54.2)
i3
E Tout Main _68.5(-8.3)
: Numbers in parenthesis are test values Tout Prime 49.3(49.)
) Numbers not in parenthesis are predicted values
‘E Temp Mixed Prime and Main 51.3(43.7)
70
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FIGURE 34 TRANSIENT TEMPERATUPE COMPARISONS
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0 Prime Flow
A Main Flow

ANALYSIS TEST DATA

FIGURE 35 TRANSIENT FLOW COMPARISON
TEST POINTS 54, 55, 56, 59
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APPENDIX A

This appendix presents a summary of the MRS pre-test
conditions and results. Tables A-1, A-2, and A-3 pre-
sent the first, second and third week planned test
conditions for each test point and an index to the
results of the pre-test analyses. Tables A-4, A-5,
and A-6 present environments on each of the eight
panels for each test point. The pre-test results

are shown on pages A-10 thru A-71,
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CONFIGURATION o

, TEST TIME 4. O HRS.
L TOTAL FLOW (/00 1h/h Tin Main /2.4
% SIMULATED HEAT LOAD 70,000 Tin Prime /2.4
; ENVIRONENT SIMULATES
5 SUN ON A4S0 LAY l Flow Main _/O85
Flow Main <41 Flow Prime ___ 12,6
¢ Flow Main 544
Flow Prime ~ . e —
{ N Flow Prime 6
PANEL
"1‘ PANEL
5
1.
AP] rA 3 Aps 7.2
Temp Main 310 Tewo Main ) 3/.2
Temp Prime L¥2:2 1/——/ Temp Prime /#3.4
|
PANEL PANEL \
APy £ € aP; 3¢ .
== = /.
Temp Main 111.0 Temp :l:n lzl_’ﬁé
Tewp Prime 1264 \T Temn Prime (27.0
PANEL PANEL
4 8
1apy 5.7 aPg 5.2
Temp Mata —63. Tewp Main 95.5
Tewp Prime /36 Yerp Prine 114.{
. j PANEL PANEL
3 2 °
]
’y Temp Main —10: &2 2.0 &g 28 ¥\qu Main 903
wi Temp Prime —22:7 | Tewp Prime 9¢7
3
? MAIR IO§D w,a 4 % / 21151 Tout Main _90.2
13 Tout Prime 91. 4
Tavg '
PRIME u ua,a 4 7
°“t' ';a:; aﬁj ¥  Tewn Mixed Prime and Matn __ 90.4
: 21,354
. Ova
;
A-10
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CONFIGURATION o

WEEK /

TEST TIME _ ¢

TOTAL FLOW /00 jb/*
SIMULATED HEAT LOAD __ 60 K

ENVIRONMENT SIMULATES
SUN ON

Flow Ma‘n .78

TEST POINTS _ /A4

Flow Prime —&3 \‘

Tin Matn /77
Tip Prime /72, §
l Flow Main /(¢ &
Flow Prime __ /2. £ -
Flow Main $ %¥
_’-—-“"'—.
W Flow Prime _C.Y
PANEL
5
>
APy 2.3
Tesw Main /20.2
Temp Prime /54.6
PANEL
7
) 1
4y 4.2 Temp Matn //7S
Temn Prime /3§ ¢
PANEL
8
oPg .7
Tew Matn /c2.5
Temp Prime /22. 7
PANEL
6

&g 7.0 % Temp Main __7_7__9_

PANEL
1
TAP] 25
Temp Prime 1559
‘ PANEL
AP3 2.6
Temp Main /23
Temp Prime /-‘1—-5—\*
PANEL
4
&Py 5.7
Temp Prime 2] ———
CANEL
2
Temp Main 122 _ &Py 79
Temp Prime 927
MAIN J08S k(177 2.8 )X =25‘26
lrumgﬂl.. Hu *csL‘ ¥
Tavg
PRIME q ? 51773 ﬂ%)x gﬂ s 26'7
W X n -lout) X Cp at =
Tavg
25 556
Gfgtal

Tenp Prime /¢ 2 -

Tout Main _52.&
Tout Prime _9¢.¢

X Temp Mixed Prime and Main 296
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CONFIGURATION a

WEEK )

TEST TIME _ 8.0 (eur maiw subiet)
TOTAL FLOW _2 26w ® /v,

SIMULATED HEAT LOAD 2 K
ENVIRONMENT SIMULATES

|

TEST POINTS _< -/

Tin Main Z‘ 3
Tin Prime _ /¢ 3

Flow Main X/ 7/

Flow Prime 069.5
- Flow Main/05 §

SUINON —<CAPG&n EBAY
Flow Main 232
Flow Prime L2l |
PANEL
1
. 8Py 24.,
Tesp Main —{2ls_
Tm Prime ﬁd_
l PANEL
AP3 220

Tm Main /_02'—2_

Temp Prime —’—’1-6-—\*

PANEL
4
AFg 27,9
Temp Main 785
Temp Prime —22-7
PANEL
2
Temp Main 228 sy 2LH

Tenp Prime 2220 _

N~ FlowPrine 42 2

PANEL
5
APy 26,0
Temo Main 13/
Temp Prive /25.0
1
PANEL
7
aP7 20 Tewn Main /6.5
Temp Prime /04, Q
PANEL
8
APg '.U.:t
Temp Main _¥ 7¢
Temp Prime $5.4
PANEL
6

4Pg ..._zl"bjt\unp Main /%
- Temp Prime < 5.<

MaIN 31T L2 = 05.0)(.265) 5t323
éF[UWLXC'(ﬂT-%ﬁmLX C_;;_ a? -id?ef
ay
PRIME 95.9§‘$Q3—702 (.265) 2l
“FLOW X (Tin - Tout) X Tp at = QreJ

Tavg
5 6941
%a
n | [ ] ! N

3

(

Tout Prime 20,/

+/ Tout Main &5/

Temp Mixed Prime and Main ¢s. /

-t

-



l CONFIGURATION a
' WEEK | TEST POINTS __ R -2
3 ' TEST TIME __ .5 & (Hish Main oubliet)
TOTAL FLON 2220 ¥4 Tin Main 163
| SIMULATED HEAT LOAD __ 20 £ *in Prine 163
: ENVISONMENT SIMUATES
g SUN ON —CAgb0 BLY Flow Main 2/ 7!
{ l Flow Main Lol Flow Prime 25
%‘ Flow Prime —'2:b " —__Flow Main /%6
y ' ) N Flow Prime _/%.>
?"’ PANEL
1E PANEL
h 5
; I &Py 284, AP5 24,4,
P Temp Main 1324 Temp Main )32.4
L l Tewp Prime 2202~ Temp Prime /30.3
l \. PANEL P";EL
I APy 22,0 AP
Temp Main )55 3 = 124 Temp Main 74¥./
‘ l Temp Prime 7YX | Temn Prime ;00,5
PANEL PANEL
l_ 4 8
g APy 215 APg 2/4
l Temp Hain %?— Temp Main $4,7
Tenp Prine 242 Tem Prime 25,5
il f
4 PANEL PANEL
. “; l 2 6
;‘ Temp Main 224 qAPZ.%‘_'_Q_ APg 24,0 Temp Main b6
2 . Temp Prime —22:4 _- Temp Prime 4 6.9
7 &
wn Q1L (163 =&, 42( 365) 53649 Tout Main _£27
W X (Tin - Tou "Cp at = Tout Prime 4%. 6
L Tavq
PRIME &g (\vo3 ~(o. L) (. 265) oy
l n - Tout) XT"’.‘:; = Qrej %  Temp Mixed Prime and Main _6 7.3
?1/%(. &
(1244

A-13
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CONFIGURATION a

WEEK | TEST POINTS 3

TEST TIME )3 .

TOTAL FLOW ]1 00 i/~ Tin Main 42,1
SIMULATED HEAT LOAD _57 700 Tin Prime 142,

ENVIRONMENT SIMULATES
SN ON —CARGO BAY l Flow Main 086

Flow Main 2.0 Flow Prime __ 12.7
Flow Prime —&3- | —__Flow Main S94¢ : i
| W Flow Prime _¢.¢ } |
PANEL |
) PANEL a

-

5 1 :

oy 22 &5 21 ‘.

Temp Main VIt Temp Main /8,2 . ‘
Tenp Prime L1224 T~y Temp Prime 27,5 |

! |
PANEL ! PANEL ,

7
APy 5,7 APy 5.7 02
Temp Main fo2§ = :uno :‘:“ A0x0 -a_
Temp Prime J.Lf_'l_\;( emp Prime p)5.5
PANEL PANEL
4 8
APy 5.7 aPg 5.7
93.
Temp Main 3.0 Temp Main _97.2
Temp Prine L2607 Tenp Prime 05.7
|
PANEL PANEL
2 6
Temp Main 34T &P 20 APg ZO Temp Main 209 ;
Temp Prime 994 Temp Prime 99.0 i
MAIN (142.] ’:aé.%\ 365) 15415 Tout Main _36.8
in - Tout) p at = Qr k’rout Prime 99.2 '
Tavg
PRIME 19,’7<|é%,‘,-99,;22 .261)  MS
FLOW X {Tin - Tout] X ga:‘; ="Qrej X  Temp Mixed Prime and Main __ 8¢.9
16 0660
7-otal
A-14
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CONFIGURATION a

WEEX _ ' TEST POINTS i
TEST TIME __)7 )~
TOTAL FLOW _)jpd [b/a Tin Main _)IG. 2
SIMULATED HEAT LOAD 42 000 Tin Prine 1152
ENMVIRONMENT SIMULATES
SUN ON l Flow Main _)o26
Flow Main S4L0O Flow Prime _ /2. 7 Flow Maf N
Flow Prime —&e3 N, P ow Main 5445
ﬂ%___ ¥ Flow Prime _ 6.4
PANEL
\ PANEL
AP'I Zo‘eﬁ; APS Z:Qﬁ;
Temp Main £0l:G Temo Main /0/.7
Temp Prime 068 Temp Prime /0.8
1
L PANEL PANEL
P R AP , .
Temp Prime -ﬁ-‘-”—\* Tem Prime 79.4
PANEL ] PANEL
4 8
AP4 S.7ps: 8Pg 5.0,
in 3.2
Temp Main —= Temp Main _g¢.3
Tewp Prime M\& *—/Temp Prime 93.6
PANE!. l PANEL
2 6
Temp Main —i23 APy G.9py 8Pg 23pss Temp Main _$2.4
Temp Prime —31-6— = iemp Prime 9/.0
TOUt Main g?_‘f

MAIN 2 2 AL 9544
1?8&')( i%in - 10U Cp at = Qrej

Tavg
PRIME \2.7T(NL.Q2—92) .3\ £0.5
'F[UlT'x"(%‘an ~ Tou x‘C?th"-'QT-Ef

avg

-

Tout Prime 92.0

Temp Mixed Prime and Main

2.5




WEEK

!

TES

TEST TIME

20.) (ror Gaesar 443)

TOTAL FLOW
SIMULATED HWT#&QJ&—L/ -

ENVIRONMENT SIMULATE

Ar—————

CONFIGURATION 8

T POINTS 5 -

Tin Main ___ /4

|
SUN ON i
|
i1 Flow Main 7 /4
Flow Main _4 49 “’ Flow brime ) €4
Flow Prime _92.7 u ‘ Flow Main 44 ¢
| Flow Prime 909
PANEL PANEL —_—
1 |-8P B4 5 |aP5 ASa
Temp Main 572 Temp Main 770
Temp Prime (Q‘,l Temp Prime /o¢€.]
PANEL) b3 4fan PRNELI A7 A5
Temp Main _¥9¢4 X g Temn Main € .¥
Temp Prime /od, 7 Temp “rime /4 4. 7
Temp Main &% -

MAIN | (IH —32.8 95\ 7940'

w-

PRIME _%}_(

out) X Cp at

avg

.8 956 /326

Tcut

X Cp at = Qre
Tavg

X Temp Prime/s

'_.J
PAgE_L] 4Py
.

—

Temp M2in £ 24

x Temp Prime 7_7_{)

ot

£
2

AP g3 = 3854

Tout Main _32.&

Tout Prime 8/.¢

|
X Tout Mixed Main and Prime 0.0




o wm e m  ——— e e -t s
{

WEEK }

SIMULATED H 20 K
ENVIROMMENT SIMULATE .,

SUN OM

CONFIGURATION ¢

TEST POINTS & - 2

TEST TIME L€ ‘w,wm,,y) Tip Main __ /11
TOTAL FLOY \

T;n Prime _ 21/

|
{l Flow Mair __ J0 €3

Tavg

Tavg

AR S S pes seee s e FUE O JBE EER R B O SS  -

MAIN  \0B3(II—98.5 ) .35/, l4ss

Tmn‘mr-‘v—%‘out G ¥ e

prive 146 (V) —73.3). 2 .
“TLOW X (T9n -_Tm)_x_f%s‘#% X Temp Prime €0.9

6‘( 70| ,
tota PANEL
2 JAPZ —

Flow Main _&5s 5 Flow Prime 4.6

Flow Prime _ 2. 9 “ _ Flow Mein S48
PN 24 paneL] Flow Prime 7./

1’_, ory 47 5 |aPs £, 7

Temp Main _G£,2 Temp Main _ 76,2

Temp Prime /64 .{ )‘K Temp Prime /0 %. 3
P by Lo e iz

Temp Main _90.y Temn Main _ §9.9

Temp Prime 94,6 Temp Prime _§2./

Temp Main 7€.2
 Temp Prime /04, O

N

PAgEL &Py

Temp Main 23 7

atyy, = 8¢

Tout Main _5&.5
Tout Prime 22.3

!
X Tout Mixed Main and Prime _ 59

A-17
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CONFIGURATION 8
TEST POINTS _ < A ‘
WEEK -
TEST Ymr_z‘-o.cf (HTaH pter; | Ty Main /17
TOTAL FLOW P i
SIMULATED um'ﬁmr% ,fg K Tin Prine 529
ENIRONMENT SIMULATE |
SUNON _(CARCD A4Y i i
i
;' Flow Main _ 443
Flow Main 5+« ]‘L Flow Prime _ /4.2 '
Fiow Prime 2.¢ _ — , _w Foow Main 52
PANEL] PAJN-E—L! Flow Prime _ 772
! L8 5 |Ps Ll
-
Temp Maii 162.¢ Temp Main /02.]
Temp Prime 4 ¥, 7 ){ Temp Prime Jo €3 .
, _L_.l
PANEL g PANEL
Temp Main 73/ ¥ Temn Main 7 2.f
Temp Prime ‘9j. Temp Prime 04,/
2z Temp Main _92.7
X Temp Prime ZQ:S‘
PA%EL 8%y
MAIN 10§ el a /5
%‘%%1 n‘L~ 1‘,nut5-x"'ﬁz.% =‘¢,;§JQ H
PRIME _L" . ” 26 iavy Temp Main Z_g
‘ (] 122 Z 22 : -
F X i”n - ;outi‘x Cp at = Qre] Temp Prime 737 Al)‘; ta = 4"/
Tavg
/6 /“2"[5:—
6€ota Y
?’AgEL 8P, ‘
|
Tout Main __6_‘3‘5__ '
Tout Frime 5724
|
X To a M2 and Prime $9. ]
A-18
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CONFIGURATION 8
TEST (OINTS _ 5 A  (Low pair cuTe ::‘7)

l

WEEK /

!
TEST TIME 10.0 | 1y, Main 2
TOTAL FLOW o 4 ——U-—a—'i-'
SIMULATED u!l“aﬁb‘—M&‘- Q0 ATV, X 1y, prime _ 172, 4

ENVIRONMENT STMULATE

SINON o cga A ;
l
iy Flow Main _ /064
Flow Main _& 57 ;l Flow Prime 14 &
Flow Prime —2‘21' — i Flow Main __5 2§
1 Flow Prime 7./
PANEL PANEL —_——
1 | 8 &% 5 |apg €. 7
Temp Main /02 ¢ [ Temp Main _ /o2, /
Tenp Prime jo &, 7 X Temp Prime /5.3

PANEL) apy C¢ ' iAPy 2z

Temp Main 93 Temp Main _72.4
Temp Prime /0/.7 Temp Prime Jo /. d

Temp Main 2.7
X Temp Prime/o/, 7

PA?EL 2Py

Tavg Temp Main (73
PRIME [Anf ;( 25¢ 2 ime 22,
X_ﬁzm - Tou X Cp at = QE‘ ) ¢ Tenp Prine 22,0 )
Tavg AFy 52> 35 ¢
74
total
PAI;EL APZ

Tout Main _37.2

l
X Tout Mixed Main and Prime __44.0

A-19



CONFIGUPATION a

WEEK | TEST POINTS __ (g
TEST TIME __ 24 Ay
TCTAL FLON _2) 00 [p/k Tin Main 9.1
ENVIRONMENT SIMULATES
SUN ON l Flow Main __/pg 5"
Flow Main —2¥L_ Flow Prime /2,7
ov ran C. 3~ Flow Main 545
Flow Prime 2
l Ll Flow Prime f
PANEL
"1‘5 PANEL
5
AP, 7.0 apP; ég
Tewp Main —3&Z Temo Main _$5. ¢
Tesp Prime _i‘l'_j__\i{ ;—//Tem Prime F0.4
PANEL
[ PANEL b
3 —

___5_3&_ AP3 5-!; APy 50 Tem Main  §4.0
rem Main Temn Prime €¢.5
Temp Prime M\*

l PANEL PANEL
4 8
ls\n 5. &Pg 5.6
Temp Main g% Temn Main $4.9
Temp Prime ‘&"(\\* Temp Prime $2.3
PANEL PANEL ‘
2 6

Temp Main 78.9 s 4P éi

&g 7.0 +\Tenp Main _7%&.9

Temp Prime _ZéLjZ_— L.

MaIN 85 (6.0 =188) ,357 ypay
“FLOW X" (Tin - Tout] x Cp at = grej
luvg
prive 12.7(AL1=70) 256 6E
FLOW X (Tin - Tout] X' Cp ot = firej
Tavg
HEE T
Qtotal

Temp Prime 7§.]

Tout Main _7%. 8
Tout Prime _24.0

Temn Mixed Prime and Main 7§.§

A-20
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CONFIGURATION a

WEEK  1ST TEST POINTS 7 tcw MAIN QOTLET
TEST TIME _28. 2
TOTAL FLOW 20D Tin Main ¢, |
SIMULATED HEAT LOAD 3 | E Tin Prime 24 !
ENVIRONMENT SIMULATES
NN CAREG BAY (cyeuc) lnw Main [ 733
Flow Main 24 Flow Prime _4( 3 -
- 231~ Flow Main _Sc%7
{ i Flow Prime 2 33
PANEL
1 PANEL
5
Temp Main 13__4"‘. 76P 3.8P Temo Main (3.4
Temp Prime 13.6 \-Ir Temp Prime 13.€
~
[ PANEL L
3 ,
&P3 /3, 7M APy /34 M l .
Temp Main Ste | 3.5P 2.5P Teno Main E'é'i.;
Temp Prime ___S_qO. I Temn Prime 1. °
| panes PAMEL
4 8
APy /3.4M 8Py [2yM
. s, S P P .
Temp Main 5——'5— ¥ > Temp Main 43.9
Temp Prime ="' _ Temp Prime € .7
| PANEL PAN‘L
2
Temp Main ;lca-— 1\ L‘tzg 4Pg Lﬁ Temp Main 32.L
Temp Prime 2% 3.5 2 Temp Prime 86 4
MAIN | 48) 2774/ Tout Main 267
’( 1n -Yout) KTout Prime B5.71
Tavg
PRIME /-\65 % ) - Q57 1237
°"t X Ega:; Qre] X Temp Mixed Prime and Main 9.9
2097%
66{&'
A-21



WEEK VST
TEST TIME 1381

TOTAL FLOW 22200

CONFIGURATION a
TEST POINTS 7 HIGH MAIN < TLET

SIMULATED HEAT LOAD _DIK
ENVIRONMENT STMULATE .
SUN CX cYeLie)

Vs
Flow Main ;&L

L/Tin Main I ]

!

Tip Prime

A

Flow Main _ |74 |
Flow Prime _ 0355

Flow Prime )—91—-\&
PANEL
1
&Py 202 M
Temp Main M L2P
Temp Prime -C’—g—-\lr
PANEL
, &P3 JG.4Mm
Temp Main LL;— ). P
Temp Prime &%—-\ﬂ(
——_PANEL
4
APy /.S M
Temp Main 216 1P
Temp Prime D2y
PANEL
2
Temp Main 42.9 /{APZ 203
Temp Prime £8a.7 /2P
MATN l%éﬁ! ( Ci%-) -35.1) .25 25460
X n - Tout) X Cp at = Qrej
Tavg
pRIME 255 (.) -81) 250

FLOW X (Tin - Tout) X Cp at =

N —

PANEL

5

APg Q1. Om
Y

PANEL

7

APy /6. fZM—l
). 1P

*__’_‘__,.._

PANEL

6

APg 20.4M

22 p

Tavg

&
r

30 S&p
tota

X

Tout Main

291

Tout Prime 81,

Temp Mixed Prime and Main

A-22
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Pelal

Flow Main
Flow Prime

Temo Main 16 <

¥— Temp Prime 3.

Temp Main 7.4}

Temn Prime 8'( 4

Temp Main 41.1
Temp Prime 83.6

+\Tenp Main O7]. 3
Temp Prime 1.0

A0,

Sama -
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CONFIGURATICON 8

TEST POINTS _ & -/

|

WEEK /
TEST TIME 32, (bow Gele sar 491)

TOTAL LV 0 _ X
SIMULATED H p §_5_7_ZJ<_ .

ENVIRONMENT SIMULATE

Tip Main _ /03
Tip Prime /B2

SUNON ___ CARGD EBiY |
l
vi Flow Main €53
Flow Main . 37 il Flow Prime __ 240
Flow Prime /24 | . Flow Main _« /&
g 2
PANEL 4 PANEL Flow Prime /
1 1 4.6 S |&Pg <. 2

Semp Main 94,7
Temp Prime /0).(

Temp Main _¥%.3

Temp Main __ 744
Temp Prime /i/. &

PANEL APy 4. 2.
Temn Main _ «4.§

Temp Prime sc0,2

PAN

4

min 853103 —235.0) 55 & E
“FLOW K (Tin - Tout) Xl(:p at =_°T‘%£

Tavg
pRIME F46 (103 -90.7) 25
“FLOW X {Tin - Tout L ‘E%‘%Z;QT*?':J}

EL

Temp Prime /po0.2
Temp Main 15,/

X Temp Prime 777

4Py

Temp Main 52./

Temp Prime <5.¢ Apz/u =  Fa
Tavg
7 2§
Qtota PANEL
o |8Pp
Tout Main

25,6

* Tayt Prime 99,7

f

* Tout Mixed Main and Prime 2

A-23
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CONFIGURATION 8

TEST POINTS _§ ~ 2

WEEK

TOTEL FLOW
SIMULATE Hmwiﬁ———_g_m&

ENVIRONMENT SIMULATE

I
TEST TIME 32§ (¢ wans ov t,uz)

i
Main /L2

l
{ T,
x T Prime /¢ 2

SUN ON C f
i
|
{;y Flow Main ’TL.
Flow Main _§&S 15 Flow Prime ____/4.¢
Flow Prime __ 2,5 ¥ L -
—_2 . Flow Main s
PANEL| PANEL] Flow Prime 2/
1 T — 5 |{aPsg
Temp Main _932.3 Temn Main 930
Temp Prime qt_t h( X Temp Prime 57,9
PANEL PANEL
Temp Main B2) 3 Temn Main ___§¢ 6
Temp Prime Gg.4 Temp Prime _S4,&
Temp Main 86 g
X Temp Prime 958
[PA;‘EL y
MAIN %%?g(\c?> 50.3).954 ;2
WX (Tin - Tout) X Cp at -675323
Tavg .
. Temp Mairn 70.¢
PRIME 14 (o(\03 1U.9) 356 _in Tam Prine27.4
“FLOW X (Tin - Tout) X pat=lrey X e 224 AaFysa = 493
avg
I“\ 474
Qtotﬂ PANEL
2 APZ

' Tout Main 5.4
* Tout Prime 2/, 7

n and Prime _5¢.4

* Tout Mixed .

A-24
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CONFIGURATION o

WEEK [

TEST TIME _3S b
TOTAL FLOW {100 [4/k
SIMULATED HEAT LOAD _4/2 060

TEST POINTS 9

Tin Mrin  _[16.2

!/Th, Prime _JJG-Q

ENVIRONMENT SIMULATES
SUN ON VITY l Flow Main _ 495
Flow Main 248 Tow Prime 4 0¢Y - 2
Flow Prime 301 ~Flow Main <48
'L Nr Flow Prime 302
PANEL
1 PANEL
5
8Py _LSH_ apg 1.4
Temp Main 4L ¢3P /,.3% Temo Main 35.2
Temp Prime iﬂ—\ik +/Tm Prime 3.3
PANEL PN;EL
3
APy 1.1H &Py Jim
Temp Main =<3 [ 1 s4P :’m’ "‘:" =83
Temp Prime in. em Prive 1/0.4
PANEL PANEL
4 8
-33, -¢P s
Temp Main 33.7 5€ £P Tem Hain -3z
Temp Prime £22:b Temp Mm"—i” :
PANEL PANEL
2 6
Temp Main —0d__ 4P zL%% APg L4AM j‘\renp Main —49.7
Temp Prime ' 6-3P Temp Prime /049
MAIN 3?‘ (ucoa +49, 92 6116 Tout Main _—49.8
X ou = QreJ Tout Prime _j0 4.9
Tavg
PRIME GO é( W~ 3?) /80
n - Tout) A Cp at = Qrey ( Tem Mixed Prine snt Hatn 39.4
4920
UEOEGI

A-25



WEEK /
TEST TIME _4Q hrs
TOTAL FLOW _ /00 p/h

CONFIGURATION a

TEST POINTS [0

SIMULATED HEAT LOAD _70, 000

ENVIRINMENT SI lﬂ.ATES

Tin Main /0 2.4

Tin Prime _ 4 2.4

SUN ON Ty l Flow Main _(98
Flow Main 2¥& Flow Prime 491
. 2060 Flow Main 259
Flow Prime 200 __ ™~ )
W Flow Prime 2¢ |
PANEL |
1 ' PANEL
; 5
&Py 2. [ 4 6F5 %M
Temp Main —ZZL.3 200 EE) Temp Main 747
Temp Prime L5868 T~y ¥— Tem Prime 15.8
‘ PANEL
PANEL 7
3
"aPy 2. M oP7 _2.4m
! —_— Main Z¢.
Temp Main 244 2.7P 299 I:l“: 9:1;;7‘?1%
Temp Prime 514 ——
PANEL PANEL
4
APy 2.2 4 APg 2 9
—-¢.4 2,7P
Temp Main Temp Hain -
Temp Prime 1462 Temp Prime /‘/6 196. 2
PANEL PANEL
2
Temp Main =228 42 _g_Zm 8Pg 2,2M Y~ Temp Main -224
Temp Prime L4l 10 . 2.3

min 698 (62,4427
“FLOW X {Tin - Tout) X

Tavg

PRIMZ %Ol (169.4 - ). 7%
X (Tin - Tout) X Cp at =

Tavg

%b‘b’ 19
tota

3‘.5 ?3155 %/Tout Nain ~27. 6

af

Tout Prime ‘2 1

A-26

Temp Prime /4/.)

iF Temp Mixed Prime and Main _ 40, &
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CONFIGURATION 8

TEST POINTS /1

WEEK )
TEST TIME g
TOTALAFIE.gHH
SIMULAT mma___.
ENVIRONMENT SIMULATES_M_
CAYI1Y

SUN ON

Flow Main ss56

!
i
|
{{ Flow Main _ /o4
u Flow Prime 14,5

Flow Prime Zb’{l

p. Flow Main __ &2
Flow Prime 2.0

PANEL PAaEL
v | 8 2] S |4P5 _(. ¢
Temp Main _ 7.9 Temp Main 29
Temp Prime /3. )K * Temp Prive /.4
PANEL PANEL
3| 4Py 5.7 7 18Py _biy

Temp Main -13.4 X

Temn Main ~/5.,0

Temp Prime 27.3

Temp Prime _24%.9
Temp Main-/4. 5~
K Temp Prime 270

Ng

[PANEL

MAIN \OBA(2 . §-48L) 240 -
FLOW X XTin - Tout) X>Cp ?8:“0%‘?

Tavg

PRIME I;bs L4 -'054).9
W X (Tin - Tout) X pat=“5r'-Lezj?

Tavg

Temp Main _26./
¥ Temp Prime 2, 7

PANEL
2 |82

Tgut Main ‘/6"
Toyut Prime 28 ¢

{
X Tout Mixed Main and Prime _49.¢f

A-27
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MAIN C,OO B+5L0.3)
1n- out) X C

PRIME

CONFIGURATION B
TEST PGINTS | 2

WEEK i
TEST <4 Ty Main ___26.8
TOTAL FLOW 1100
SIMULATED HEAT TORD =2 * Tin Prine /574
ENVIRONMENT SIMULATE |
SUN ON _ 0 PPOs11E  CAVITY i
l
| Flow Main 600
Flow Main _ 308 ll Flow Prime _ 497
Flow Prime A4S52 “f H  Flow Main 292
PANEL] L 23 SANEL] Flow Prime 247
1 1 oM apP
Y ‘ 5 L1 m
Temp Main —8.5~ | Temp Main —7.6
Temp Prime (472 X Temp Prime /47 /
PANEL é PANEL
Temp Main -2/ 3 'jk 2# Temp Main —32-?
Temp Prime /432,0) Temp Prime /¥2.9
Temp Main -32,¢
)F Temp Prime /42,9
PAQEL A
237

Tavg Temp Main -¥5,<

(%'1_\ % ).275 1770 . B
n- Touﬂ x Cp at = Qrej X Temp Prime /%2, 7 AP Y2 =

Tavg

6totai

Tout Main “;“2 )
Tout Prime )2& &~

l
X Tout Mixed Main and Prime __ 40.2

A-28
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CONFIGURATION 8

TEST POINTS /D

WEEK ) -
TEST TIME S & \ Tip Main __ < €8
TOTAL FLOW N
SIMULATED H CY A K Tin Prime __410,4
ENVIRONMENT SIMULATES
SUN ON CAVITY
Flow Main /029
Flow Main _S52¢ l Flow Prime ____ 6%9.2
Flow Prime _24 t[ Flow Main ¢/
PANEL " PANEL Flow Prime 34
1 1 L4 5 |aP5 &, 7
Temp Main —2 2§

Temp Prime _ 92,0 ’K

PANEL

Temp Main -35.7 X

Temp Main _:_-'_l_c_/_._,s_‘_
Temn Prime 9 /.7

|

Temp Prime 25,2

jemp Main —3¢.¢

X Temp Prime 75,4~

PA%EL 8Py
MAIN 1029 (-B.5-36.5 ), 339 ~ /1066
“FLOW X (Tin -"Yout] % Cp at = Qre]
Tavg Temp Main 3.5~

PRIME 69,2{110.4-8R9).2( 6
WX (Tin - Tout ‘(>Tp—at—= Qre X
Tavg

Temp Prime 2,5

R
tota PANEL

2

&Py

Tout Main _3¢.5~

Tyt Prime _82.9

PANEL
Temn Main ~3¢.7

Temp Prime 25.3

Ap"_'z = 628

I
X Tout Mixed Main and Prime _39.7

A-29
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CONFIGURATION o

WEEK ! TEST POINTS Zi
TEST TIME __ 62 pa
TOTAL FLOW __ 2200 1b/i- Tip Matn _— (.0

SIMULATED HEAT LOAD 0 Tin Prine _J44.2
ENVIRONMENT SIMULATES
SINON —QXE_CAvmy lnow Main _ /727
F]ow Main —@_ F]w Prime - Sl i ?
259 ~_ Flow Main &4
Flow Prime 4 e ——
) v Flow Prime 240
PANEL
A#E PANEL
5
‘ AP] )2'9 M AP5 [Z.?b
Temp Main —L0:€ 249 7.4# Tew Main ~/¢, 7
Tenp Prine L1422~ ¥ Temw Prime /42.2.
P
[ PANEL AREL
{0.3M Py podm -
e SA S "3 L i Temp Main - 2%, 7
Tem Hain ¢ 17 L —""Tem prine /3¢
Temp Prime L3824 Ty em Prime /363
PANEL PANEL \
4 8
. [ , 9qr és
Temp Main 2.3 ¢ ’ Temp Main =34 3
Temp Prime £3f:te ‘F"/_Temp Prime /3¢, 2
PA“EL PANEL
2 6
Temp Main &/{APZ ’__‘:d.lg 4Pg t%.:‘lle. _Temp Main —45.4
Temp Prime ki - Temp Prime /30.2
maIN 17 (-6=G.2),938 -ds40 Tout Main _€.2

FLOW X {Tin - Tout) X Cp at = Qrej VTout Prime /34,6

Tavg
PRIME 5\? \4(9 3-134, () Jod
- Tout] X' Cp c%:; '_Q_ X Temp Mixed Prime and Main _ 39, 7
— 34/
tota

A-30
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MAIN 13

CONFIGURATION o

WEEK |

TEST TIME _62 M
TOTAL FLOW 22300 b/ky

SIMULATED HEAT LOAD __ 42 00O

ENVIRONMENT SIMULATES
SUN ON

Flow Main 225

TEST POINTS _ /5~

Tin Main =736
Tip Prime (076

Flow Prime _ (25~

Flow Main £ &S

Flow Prime L€~

A-31

.
‘ “r Flow Prime 4/2
PANEL
1 PANEL
‘ 5
AP] 10.24 4Pg [Q.gs
Temp Main =fte nse ns Temn Main -4L5~
Temp Prime 2056 T~y *——‘/Temp Prime /05,0
PANEL PANEL
3 i
AP3 &.2Mm APy _w_
Temp Main 223 10.7P 6.7 Temp Main ~-48,2
Temp Prime 24 Temn Prime. y03.4
PANEL PANEL
4 8
APy €.3M APg 8.
Temp Main 2:C_ )08 16.9F N
Temp Prime Mo Temp Prime /o4,
PANEL PANEL
e 2 |
Tenp Main 2&:l_£cP ;TO_;!Q:& 8g 030 Y Tew Main -5,3
Tenp Prime 22837 LT 25 Temp Prime 95.¢f
(o+292 239 —447] Tout Main —2.3
re Tout Prime /02.4
Tavg
PRIME &7 () (%’i - 0.4 % 1A
n - Tout) X Cp at > ga“,: = Qre] X  Temp Mixed Prime and Main 374
— 9062



CONFIGURATION a

WEEK
TEST TIME “13.5

TOTAL FLOW 33O
SIMULATED HEAT LOQAD .

ENVIRONMENT élp&QTEZ(_Y CLiC CAWTY)

SUN ON

Flow Main j—(lﬁ-
Flow Prime ~SL2 ™

ot LEST POINTS I C.

[ OYW!

Tin Main s
Tin Prime 53.

1D

l Flow Main
CCAD

Fiow Prime

MAIN

VYT LE T

Flow Main ¥<4.C

N T T Fiow prime 17
PANEL

Temp Main
Temp Prime

Temg Main = c‘
Temp Prime ——‘L\*

PANEL
4
aPy ;zé_()
- ( .
Temp Main 5‘ ;}
Temp Prime ——-I———
PANEL
2
Temp Main 120,49 APy (O
Temp Prime

5
&g O 4 .
Temp Main —4S ¥
""" Temp Prime Sod
PANEL
7
]
Py Do o -
A7_"J Temp Main — 7.5
Temn Prime S 8
PANEL
8
APg "@_-PT
Temp Main -¥7.,
i Temp Prime 1.3
PANEL
6
&g O3 Temp Main —&! =

!

MAIN V(3053 +10C. 30,236 53

X (Tin - Tout) X Cp at =
¢ ( A . Tavg
primg 2 ©2=(523 -50. 7> 246
FLOW X (Tir, - Tout) X Cp at = 6 rej

Tavn

four>

-

Tout Main —17:0. 2
*" Tout Prime 56,7/

A-32
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#k Temp Mixed Prime and Main QO 2
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CONFIGURATION o N
WEEK \ ST TEST POINTS | (H16H MAIN OuTLET

TEST TIME _J3.25

TOTAL FLOW 2200 Tin Main _ S 3,

SIMULATED HEAT LOAD  — Ty Prine 53,
ENVIRONNENT STMULATE —
SN onl By Z VL IC CAVITY) | Flow tatn_[¢ 3
Flow Main 2207 V Flow Prime 20,32
Flow Prime 10(5 \ ] /F]ow Main O /.(.
! 13 Flow Prime 1017 ]
PANEL -
1 PANEL
5
Temp Main 217 Temo Main —4S8.6
Temp Prime 220" 4 2207 T~y ‘F'/’Tem Prime 53.4
[ PANEL PANEL
o 4Py 56. 32 -
Temp Main - 725 === Temn Main —..-_..J?O""
Temp Prime /Tem Prime bl-§
PANEL
4
R
APy $6.0 APg 6.0 )
1365 =
Temp Main ——— Temp Main = 71.5
Temp P-‘me 51‘——7‘\* Temp Prime 51.3
PANEL PANEL
2 6
Temp Main 214 AP2 O.5 Pg (o3 Temp Main ~G7.(,
Temp Prime 0. Te, Prime 50.3
wIn 103 (52+97.9).236 cs0 Tout Main =77, §
FLOW Tn - Yout) X Cp at = Qrej Tout Prime _SO.7
Tavg
PRIME 9059 (63-50.1).246 //q
“FLOW X {Tin - Tout) X Cp at =
v X  Temn Mixed Prime and Main 40.4
695 |
total

A-33

"’”M



aw e m—

CONZIGURATION o

WEEK ) TEST POINTS __/ 7

TEST TIME __ 60&
TOTAL FLOW __ /0O
SIMULATED MEAT LOAD 7000

Tin Main 53
Tip Prime _ s 3

ENVIRONMENT SIHULA&E;L‘ v

SUK ON l Flow Main __5°¢,

Flow Main =222 Fiow Prime /04 2 Flow Hoin 26,/
_ 521 ow M in .
Flow Prime \‘ Br /Fk:w Prime S22

PANEL
] PANEL
5
aPy J20P APg (74P

Temp Main =280
Temp Prime 508 T~y

Temo Main -/d0.4

——————

*’/’Tu\p Prime S5.8

> G

— 4

PAN
PANEL NEL
3
APy &P APy 54P \
- T Main ~/20.
Temp Main —’-2—’—9— ! Tem o 1“ —’-:—6
Temp Prime -ZQ«-Z-\T em Prime “0.7
PANEL PANEL
4 8
APy [Stp
Temp Main “J"i‘: -2 Temn Matn —/24./
Tewp Prime Al Temp Prime 9.6
PANEL
2
Temp Main L2427 &Py (709 APGMF Temp Main —/247
Temp Prime Temp Prime _4g.5
win_5C (53+124. 7).235 1336€ Tout Main _=/24.7
In - Tout) X Cp at = Qrej Tout Prime __ 48 %
. Tavg
PRIME /049 (53 -48.4 44, /,7
IO X T - Toue) X ga:; %  Temp Mixed Prime and Main _40. 3
5/,
&totai
A-34
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CONFIGURATION a

WEEK )
TEST TIME __ 86
TOTAL FLOW _//00
SIMULATED HEAT LORD _ 20 0 0¢)

ENVIRONMENT SIMULAT
SUN OM U%PL Ly
Flow Main —2L2
Flow Prime &30

TEST POINTS /&

Tin Main /62,4
Tip Prime [(,z,f[

l Flow Main _ 437

Flow Prime _4¢61
Flow Main 320

—’/
l N Flow Prime 23/
PANEL
1 PANEL
5
&Py 2. (A &5 2CM
Tewp Mein -£3&_ 2.5¢ 2.9 Tewo Matn 42.0
Temp Prime &Z:}_\}F *_/qup Prime )5 33
PAN
PANEL 7”'
3
1
8P3 2.0 8Py 2.0m l
Temp Main 1.7 8.4 P 3.4 P Temp Main E:L
Temp Prime 152.3 Tewn Prime )5 2._3
PANEL PANEL
4 e
8Py L. KM 4Pg _L.ﬁb]
-1 (4 :6 P ?" p
Temp Main —174_ 3 Temp Main =22.2
Temp Prime .le__\* Tem Prine 1974
PANEL PANEL
6
Temp Main —322 %M’zg ‘7; APg 227 Temp Main ~42.2
Temp Prime 242:C ' 240 | Temp Prime )y2, 2
Tout Main *‘,zg

162 ¢ 943
min (37¢ bn ) out;l '%B

Tavg

Al (16L9.4-1426), 218
PRIME (C, 4 out) )5 218 1537

avg

Tout Prime ¢34

X Temp Mixed Prime and Main ﬁfi

A-35




CONFIGURATION a

week

TES Viv . 2L 3 [iew anir [‘u'r;f'd
TCOAL " OW 2200

S MULATED HEAT LOAD 70 K
ENVIRONSENT SIMULATES

SN 0 _CARED MAY
Flow M in b2

|

TEST POINTS lﬁ —/

Tin Main %€ O
Tin Prime _//¢. O

Flow Main _2/7/

Flow Prime 25.2
Flow Main /¢<0

Flow ¥ ‘ime —13—9-—\‘
T PANEL

l 1

AP] 2{:#

Temp Main _’51.7_.

Temp Prime 223 T~

N~ Flow Prime /2.5

APy 24 4 \
Temp Main 75 =

*——/Tem Prime -, 27

PANEL
7
87 212 Temn Main § 75,
Temn Prime /C/. A
PANEL
8
apg 2/-0
Temp Main £/.0
Temp Prime 7¢4. 5
PANEL \
6

AP 25,7 z.l Temp Main 7 7.

PANEL
3
Temp Main ~——— |
Terp brine J-QL-L—\T
PANEL
4
syt
Temp Main LB b
(emp Prime ~ 4—
: PANEL
2
Temp Mair —2— :{M’z 254
P
Temp Prime 53

N 27 (GY 44,0 ).25

A TTin - Tout] X Cp at = Qre

. Tavg
bawe 25,2 (MG, ‘58,4>.957 53
FLOW X (Tin - Tout) X tg at -"o_ja'r
avg

e~

X

A-36

Temp Prime 3. 2

Tout Prime <§ ¢

I ”~
200 */Tout Main 2/ 2

Temp Mixed Prime and Main _ /4 73
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WEEK l

TEST TIME RO (Hist Mave Tesd)

TOTAL FLOW 220/

SIMULATED HEAT LOAD 20 K
ENVIRONMENT SIMULATES

CONFIGURATION a
TEST POINTS _ /S -

Tin Main _ 760
Tin Prime _//6-0

A-37

SUN ON _CA.)J&JJ_.Q.M-— lp]ow Main _2/7)
Flow Main (e84 Flow Prime 26,2 ‘
Flow Prime 4225 /Flow Main /258 27
‘ Nr Flow Prime '~
PINEL
1 PANEL
_ 5
&Py 2.9 aP5 2¢.4 )
Tep Main —22: Tew Main 933
Temp Prime L824 T~ Temp Prime /07-9
PANEL PAYEL
3 ,
Temp Main €16 Temp :“" 5r6 /
Temp Prime J2L Temn rimelo.é
PANEL PANEL
4 8
aPg 2h/ apg 2.0
bl 2
Temp Main —= Temp Main 72,5
Temp Prime 23— *"’/Tenp Prime¥ /.
PANEL PANEL
2 6
37.§ AP AP, 25,
Temp Main 225.64 6252 Temp Main 5,0
Temp Prime 13/ Temp Primey¥.£
MAIN %!31(32—46’2.351 27355 Tout Main 46,0
X {Tin - Jout) X Cp at = Qre) Toyt Prime S 7.9
Tavg
PRIME %’3,3(1\6—5’79).351 276
WX {Tin - Tout) X C‘T’a“'; = Qrej Temp Mixed Prime and Main __ 4¢.)
272730
GE$tal



CONFIGURATION a

)y 7279
%_—Tjtota

WEEK [ TEST POINTS _J /0 -/
! TOTAL FLOW 22 0D Tin Main __ 72
; SIMULATED HEAT LOAD _ S 2.7 £ Tin Prime /4
' ENVIRONMENT SIMULATES
SN ON _CARGo BAY l Flow Main __7/ 7/
Flow Main .Mﬁ_z-. Flow Prime 2 5.2
Flow Prime —2ufe ™S — Flowtain O
‘[ li Flow Prime /2. &
)] PANEL
; 1 PANEL
5
l
8Py 2¢6.9 APg (.2
Temp Main Az | Temp Main f_ii
Temp Prime A:-/ Temn Prime /0y, !
' H
| —— PANEL
i PANEL 7
; 3
i
i ! AP3 2/, 5 APy 204 —
' Temp Main G0y | Temn Main S/:.)
: Temp Prime X2 \T Tem Prime 7>y
t .
PANEL PANEL
4 8
APq 2/ 8 _J.) /
Temp Main 636
Temp Main _59./
Temp Prime 23:2 *’,’—_Temp Prime 2/.2
‘) PMEL PANEL
." 2 6
1; Temp Main —15:© 82¢.9 8P 25F ¥ Temp Main 3¢-7
‘ Temp Prime 22 - SO Temp Prime 5¢.¢
: MAIN / Lrout Main ‘/9!2
;?in - out X Cp at = 6 1 Tout Prime 5 v. &
N Tavg
prive 95,0 (106 ,~54.5".954 329
L W X (Tin - Tout) X c'?'a:; Qre] if Temp Mixed Prime and Main 4 2.5

A-38
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CONFIGURATION a

VEEK ) TEST POINTS 24 -2
TEST TIE _ 9. 5 ha  (hint maie ot od)
TOTAL FLOW 2200 Tin Main 93, ¢
SIMULATED HEAT LOAD _ ¥ 2. 2 K Tin Prine _/0¢.0
NVIRONMENT SIMULATES
SUN ON __ﬁwx_ lF]ow Main _ 2/ %/
Flow Main .Lﬁf_"./ Flow Prime ___ 29, 2
Flow Prime ——1-2—‘—;5\l lJ' P
PANEL
1 PANEL
5
APy _24.4 aPg 26, >
Temp Prime &Q-'-/-—\iF
l PANEL PN;EL
3
0.5 4Py 2/.5 &7 214
Temp Main —~
Temp Prime -iﬁ:-L-\ﬂ{
PANEL PANEL
4 8

Temp Prime 22/ L._-——-—'—’

PN'{EL PANEL

2
Tem: Main ﬂ/{APZ 245 AP 258
Temp Prime 1.y

¢5. 7
N 219 (93 - ﬂé,'? Z 25 2592 Tout Main
n - Tou p ac = Qre Tout Prime 574, ¢,

Flow Main /( § P
Flow Prime _ s 2 7

Temp Main 67-¥
Temp Prime /&0, /

Temp Main &6-5
Temn °rime 5. ¢/

Temp Main 69.0
Temp Prime 77,5

Temp Main 55.2
Temp Prime $7,)

Tavg
anea%a()%ﬁrﬂ:,; 254 3 )
WX TTin - Tout) X Ega\ar; = X Temp Mixed Prime and Main ¢5&
26,005
Qtotal
A-39
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