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1.0 PURPOSE

—

The purpose of this report is to present the test
procedures used and the test results obtained during
performance of an evaluation test program. The test
program was conducted to determine the outdoor per-

; formance characteristics of the Honeywell liguid solar
! collector in accordance with the test reguirements

i specified in Reference 2.1. Indoor evaluaticn of the

i same collectors will be reported upon completion of the
| indoor test program.

2.0 REFLRENCES
| 2.1 EP45(76~-82) Outdoor/Indoor Test Comparison for
i Solar Collectors
Wf 2.2 MTCP-FA-SHAC-401 Procedure for COperating [MSFC Sub-
5 scale Facility
! 2.3 MTCP-DC-EHAC-402 Procedure for Thermal Performance
; Evaluvation of the Honeywell Solar
f Collectors
‘ 2.4 AlISRAE~-93-P Method of Testing Solar Collectors
s Based on Thermal Performance
- = NBS-899 Development of Proposed Standards
; for Testing Solar Collectors and
3 Thermal Storage Devices
3.0 MANUFACTURER
| Honeywell

Minneapolis, Minnesota

4.0 SUMMARY

| This test nrogram was bhased on the thesmal evaluation

of a Honeywell double covered liquid solar collector.
Initial plans included the simultaneous testing of a
single covered Honeywell collector (not included in test
request). During the initial testing, the single
covered collector failed due to leakage; thus testing
continued on the Jdouble covered collector only (as per
test requirements). To better define the cperating
characteristics of the collector, several additional data
points were obtained beyond those requested.

The results of this test are tabulated in Tables 1 through
4-

Analysis of these results are ¢.own in Figure 3.
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5.0 TEST CONDITIONS AND TEST REQUIREMENTS
2.1 Ambient Conditions
Tests were performed under the following ambient
conditions.
Temperature - 42.5 to 60.9°F
Wind Velocity - 0.0 to 15.7 mph
Solar flux - 152 to 303 BTU/Hr-Ft?
5.2 Instrumentation and Fguipment
All test equipment and instrumentation used for the
performance of this test program ccmplied with the
requirements of MSFC MMI-5300.4C, Metrology and Cali-
bration. A listing of the equipment used for =ach
test is as follows:
Apparatus Manufacturer/HModel Rance and Accuracy
150°F Reference Pace/lModel 150 150°F + 1°F
Junction
Thermocouple Copper/Constantan =300 to +700°F + 1°F
Resistance Thermal Systems, Inc./ 0 to 500°F + 0.05°F
Thermometer T200
Pyronometer Eppley/8-48 0-400 + 10% BTU/Ur-Ft2
Anemometer MEFC Supplied
Flowmeter Foxboro/lModel 81 0.1 to 2.5 GPM + 1%
6.0 REQUIREMENTS, PROCEDURES AND RESULTS
6.1 Test fitle ORIGINAL PAGE IS
: OF POOR QUALITY
Thermal Performance Evaluation
6.1.1 Reguirements

The requirements of this test were to obtain performance
ianformation at 100, 150 and 200°F inlet temperatures
with the flow rate controlled at 120 pounds per hour.
While the solar flux was between 190 and 360 BTU/Hr-Ft2,
the following data were recorded for the the test.

l) Collector side wall temperature (°F)
2) Absorber surface temperature - west side (°F)
3) Absorber surface temperature - south side (°F)

4) Absorber surface temperature - north side (°F)




6.1.

7.0

5) Outer cover temperature (°F)

6) Inner cover temperature (°F)

7) Absorber surface temperature - Center (°F)
8) Ambient temperature (°F)

9) Fluid inlet temperature (°F)

10) Fluid inlet temperature (°F)

11) Fluid differential temperature (°F)

12) Fluid flow rate (Lbm/hr)

13) Total solar flux (BTU/Hr-th)

14) Wind velocity (lMPH)

15) Wind direction (degrees from north)
Procedure

The procedure followed for each of the 'irce test
conditions indicated in section 6.1.1 may be found in
Appendix A of this report. For the stagnation data
peint, the facility fluid loop was secured and the

collector drained. All valves and controls referred
to in Appendix A are identified in Figures 1 and 2.

Results

Tre results of this test are shown in Tables 1 through
4. Each test result cell is determined by averaging
that cell over a period of time in which the test re-
guirements are continuously met. The number in paren-
theses with e¢ h result cell indicates the standard
deviation about the mean for the data represented by
the cell.

ANALYSIS

The analvsis of data contained in this report is in
accordance with the National Burcau of Standards
recommended approach. This approach is outlined below.

The efficiency of a collector is stated as:

qu/A mCeg (tf,e 'y tf,i)

i) - I




— ¥ —

R I e TR YTt S S " " *} SR TY A I' com Bl

. . AT A —  —— 4 o

where:
q = rate of useful energy extracted from the
9 Solar Collector (BTU)
2

A = Cross-sectional area (ft°)

I = Total solar energy incident upon the plane
of the solar collectar per unit time per
unit area (BTU/Hr-Ft*“)

) = Mass flow rate of the transfer fluid
through the collector per unit cruss-
sectional area of the collector (Lbm/Ft2.Er

Ct,f = Specific heat of the transfer fluid

(BTU/Lb*°F)

te = Temperature of *.e transfer fluid leaving
the collectcx (°F)

= Temperature of the transfer fluid entering
the collector (°F) -

Rewriting Equation (1) in terms of the total collector areca we get:

et (tfe o) A Sy (t£e 'tfi)
(TA) B,

n =

(2)

Notice that:

Pi = IA = Total Power Incident on the Collector

mA =M = Total Mass flow rate through the Cocllector

= Total Power Collected

.l
s hy the Collector

Since M th (tf,e-

fubsticution in Equation (2) results in:

P
n = bt (3)
inc
where: 1
Pabs = Total collected power ?
ST = Total incident power i

ORIGINAL PAGE IS
OF POOR QUALITY!




This value of efficiency is expressed as a percentage by multi-

plying by 100. This expression for percent efficiency is:

P

_abs  x 100 ()
inc » - . .

or from Eguation (2), collectcr efficiency is defined by the

equation:

Collector Efficiency =

" th (tf,e -tf,i)

P,
i

A Bff:» % 100 (5)

Each term in Equation (5) was measured and recorded independently
during the test. The calculated values of efficiency were deter-
mined at two-minute intervals. The mean value of efficiency was
determined over a fifteen-minute period during which the test condi-
tions remained in a quasi-steady state. Lach fifteen-minute period
constilutes cne "data point" as is graphically depicted on a plot

of percent efficiency versus ( (tfi-ta) 7X¥.

Where:
tf,i E Fluid inlet temperature (°F)
t, = Ambient temperature (°F)
1 = Incident flux per unit area (BTU/H:-th)

1he abscissa term ( (tfi-ta)/I) was used to normalize the effect

of operating at different values of I, tg,i and t;. The results
are found in Figure 3.

The result of second order polynomial analysis is shown in Figure
3. The second order polynomial to best describe the test results

is:
Efficiency =-[‘2* .10842 - ["* .54263 + .72921
where:
r = (ti—ta)/I

The mean deviation of the prediction error based on the second
order fit is .025.

un
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PRIOR

CHECKLIST FOR THE
SUBSCALE LIQUID FLOW SYSTEM

TO TESTING -~

1.0

10.0

11.0

12.0

Assure that:

a) Fluid reservoir is at least 75% full.

b) Fluid pump is OFF.
¢) Fluid heater is OFF. .

d) Hand Valves HV1, HV2, HV4, 1iV6, HV8 and HV9 are CLOSED.

e) Hand Valves HV3, HVS, HV7 and Collector Branch
Throttle Valves are OPEN.

f) Vent Valves to each Collector Branch are CLOSED.
Turn ON fluid pump.

Set power controller to proper set point -- Consult
Controller Manual -- for the desired INLET TEMPERATURE.

Assure that: H-P Computer System is functioning.
Turn ON heater controller.
CPEN HV2 completely.

SLOGWLY OPEN HV1., [A surge of fluid into the collectors
could cause personal harm or property damacge.)]

Adjust HV3 to obtain approximately 0.5 GPM as indicated
on the minimum reading flow rate indicator. [A wait of
several minutes may be necessary to clear the system of
air.]

Adjust independent Collector Branch Throttle Valves as
necessary to balance the flow in all branches.

Monitor heater inlet temperature and adjust HV-4 as
necessary to obtain a temperature approximately 5°F
below the desired Collector inlet temperature.

Adjust the heater controller as necessary to obtain the
desired Collector inlet temperature.

Allow the Collector fluid inlet temperature to stabilize
at the proper temperature test parameter.

RECEDING PAGE BLANK NOT FILM:Z
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13.0

Adjust HV3 as necessary to obtain the proper flow test
parameter. (Adjustment of HV1 may be necessary at low
flow rates.)

IF system is stable, i.e., test parameters have not varied
by +1% over the past 10 minutes, and the test parameters
are at their proper values, i.e., Q, F, T-IN are at the
value requested for the particular test, THEN the test is
ready to begin. e

DURING THE TEST -~

1.0

3.0

Adjust and record as necessary:

a) Collector Throttle Valves to maintain balanced
Collector Branch flow.

b) HV3 to maintain proper flow rate.

c) Power set point to maintain proper temperature
of inlet fluid.

d) HV4 to maintain heater inlet temperature 5°F
below the Collector inlet temperature.

Underline the printed time if the solar flux falls Lelow
the prescribed flux level.

Notify Test Director if solar flux is less than the
prescribed test flux level for a period greater than
10 minutes.

APTER THE TEST -=

1.0
2.0
3.0
4.0

5.0

Turn OFF power contreller.
OFEN HV3 and HV4.

Turn OFF fluid pump.

OPEN KV8, Throttle Valves and Vent Valves to each
Collector Eranch.

Turn OFF teletype.
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NOTICE

When government drawings, specifications

or other data are used for any purpose

other than in connection with a definitely
related government procurement operation,
the United States government thereby incurs
no responsibility nor any obligation
whatscever; and the fact that the govern-
ment may have formulated, furnished, or in
any way supplied the said drawings, specifi-
cations or other data is not te be regarded
by implication or otherwise as in any manner
licensing the holder or any other person or
corporation or conveying any rights or
permission to manufacture, use, or sell any
patented invention that may in any way be
related thereto.
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