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3.0

3.1

PURPOSE

The purpose of this report is to present the test procedures

used and test results obtained during a collector evaluation

test program. The test program was conducted to obtain thermal
performance data on a Daystar Model 21B, S/N 02210, Unit 2, liquid
salar collector under simulated conditions., The tests were con-
ducted utilizing the Marshall Space Flight Center Solar Simulator
in accordance with the test requirements specified in Reference
2.1 and the procedures contained in Reference 2.2.

REFERENCE

ASHRAE 93-P Method of Testing Solar Collectors Based on
Thermal Performance

MTCP-DC~SHAC-414 Test Procedure fdr the Performance Evaluation
of the Daystar Solar Collector

MTCP-FA-SHAC-400 Procedure for Operation of the MSFC Solar
Simulator Facility

MANUFACTURER

Daystar Corporation
41 Second Avenue
Burlington, Massachusetts 01803

Description of Test Specimen

The test article is a flat plate solar collector using liquid as

the heat transfer medium. The absorber plate is copper and coated
with black paint. Between the tempered low iron alass and absorber
plate is a polycarbonate trap used to suppress convective heat loss.
The collector incorporates a convector heat dump panel to limit
temperature excursions during stagnation, The absorber plate has
the aborption coefficient of .985, the glass cover has the trans-
mission coefficient of .90 and the effective transmission coeffi-
cient of the heat trap is .935. Hence, the product of transmissi-

tivity and absorptivity will be .829. The overall dimension of
the collector is 44 1/2" x 80 3/4" x 5 1/4", The gross surface area

is 24.95 square feet with an aperture area of 21 square feet. The
collector weighs approximately 145 pounds.




4.0

SUMMARY

This program was conducted to evaluate the thermal performance
of a Daystar liguid collector under simulated conditions. The
following tests were conducted:

1)
2)
3)
4)

5)

Collector Thermal Efficiency Test: The results of this
test are presented in Table II and Figure 6.

Collector Time Constant Test: The results of this test
are presented in Table III and Figure 7.

follector Incident Angle Modifier Test: The results
of this test are presented in Table IV and Figures 8 and 9.

Collector Heat Loss Coefficient Test: The results of this
test are presented in Table V.

Collector Stagnation Test: The results of this test are
presented in Tables VI, VII and VIII.



5.0 TEST CONDITIONS AND TEST EQUIPMENT

5.1 Ambient Conditions

Unless otherwise specified herein, all tests were performed at
ambient conditions existing in Building 4619 at the time of the

tests.

5.2 Instrumentation and Equipment

A1l test equipment and instrumentation used in the performance
of this test program comply with the requirements of MSFC-MMI-
5300.4 C, Metrology and Calibration.
tion identification and data acquisition connection data. Figures

1 and 2 depict instrumentation locations,

ment used in each test foilows,

Collector Stagnation Test

Apparatus

Reference Junction

Thermocouple

Pyranometer

Manufacturer/Mode)

Pace/150

Supplied by Collector
Manufacturer, Type T

Eppley - PSP

Collector Time Constant Test

Apparatus
Liquid Loop

Reference Junction

Thermocouple

Flowmete:

Resistance Thermometer
Thermopile

Pyranometer

Directional Anenometer

*These are instrument accuracies only,

system error.

Manufacturer/Model

MSFC Supplied
Pace/150

Supplied by Collector
Manufacturer, Type T

Foxboro/1/2-2 817361
TSI 7082-3

Medtherm

Eppley- PSP

MSFC Supplied

Table 1 contains instrumenta-

A Tisting of the equip-

Range/Accuracy*

150 #1°F

0-700°F t1°F
0-800 BTU/FtZ-Hr 3%

Range/Accuracy*
.1-1.2 GPM
150 f1°F

0-700°F ti°F

d-1.2 313 GPM FS
0-500 t.05°F
0-20°F/%.05°F

0-800 BTU/Ft2-Hr t3%
0-30 MPH 1.5% FS

Does not include data acquisition



5.0 TEST CONDITIONS AND TEST EQUIPMENT (Continued)

5.2 Instrumentation and Equipment {Continued)

Collector Time Constant Test (Continued)

Apparatus
Strip Chart Reccrder

Solar Simulator

Collector Efficiency Test

Manufacturer/Model
Mosley 680
MSFC Supplied

Apparatus
Liquid Loop
Reference Junction

Thermocouple

Flowmeter

Resistance Thermometer
Thermopile
Pyranometer
Directional Anenometer
Strip Chart Recorder
Floor Fan

Solar Simulator

Collector Incident Angle

Manufacturer/Model

MSFC Supplied
Pace/150

Suppiied by Collector
Manufacturer, Type T

Foxboro/1/2-2 817361
TSI 7082-3

Medtherm

Eppley - PSP

MSFC Supplied
Mosley 680

MSFC Suppiied

MSFC Supplied
Modifier Test

Apparatus
Liquid Loop

Reference Junction

Thermocouple

Flowmeter

Resistance Thermometer

Manufacturer/Model

MSFC Supplied
Pace/150

Supplied by Collector
Manufacturer, Type T

Foxboro/1/2-2 81T361
TSI 7082-3

Range/Accuracy®*
N/A
See SHC 3006

Range/Accuracy®
.1-1.2 GPM

150 1°F
0-700°F t1°F

1-1.2 1% GPM FS
0-500 t,05°F
0-20°F/%,05°F

0-800 BTU/Ft2-Hr +3%
0-30 MPH % 5% FS

N/A

N/A

See SHC 3006

Range/Accuracy*
.1-1.2 GPM
150 £1°F

0-700°F *1°F
J1-1.2 112 6Py
0-500 t,05°F



5.0 TEST CONDITIONS AND TEST EQUIPMENT (Continued)

5.2 Instrumentation and Equipment (Continued)

Collector Incident Angle Modifier Test {Continued)

Apparatus
Thermopile

Pyranometer
Directional Anenometer

Strip Chart Recorder

Manufacturer/Model

Medtherm
Eppley - PSP
MSFC Supplied
Mosley 680

Range/Accuracy*
0-20°F/%,05°F

0-800 BTU/Ft2.Hr £3%
0-30 MPH

N/A

Solar Simulator

MSFC Supplied See SHC 3006

Collector Heat Loss Coefficient Test

Apparatus Manufacturer/Model Range/Accuracy*

Heater Supplied by Collector N/A
Manufacturer

Thermocouple Supplied by Collector 0-700°F I1°F

Reference Junction

Wattmeter

5.3

5.4

Manufacturer, Type T
Pace/150 150 ¥1°F
MSFC Supplied 2000 Watt f1y

Data Acquisition System

A Hewlett-Packard digital computer system was furnished and opera-
ted by MSFC for the data acquisition system, Unless otherwise
specified in the test request, the data accuracy was the best
obtainable with the available equipment.

Flux Levels and Wind Speed

Combined simulations of solar flux levels and wind speed conditions
were prescribed test conditions to be imposed during these tests.
Prior to initiation of testing, a new set of simulator lamps (GE
tungsten-halogen ELH lamps) were installed in the simulator array.
Consequently, total heating rate surve,'s were made on the test
plane to establish the uniformity and total heat flux levels.
Results of these measurements are plotted in Figure 3 to show the
typical flux contours. This plot indicates the degree of heat flux
uniformity achieved over the test plane. An additional plct was
prepared from the heat flux measurements to show the average inten-
sity level over the test area as a function of the lamp array power
controller dial setting. This plot is presented in Figure 4 and
was used during testing to set the prescribed heat flux level.

5




5.0
5.4

TEST CONDITIONS AND TEST EQUIPMENT (Continued)

Flux Levels and Wind Speed (Continued)

It 1s noted that, during the incident angle modifier test, the
heat flux level was determined including effects of the insola-
tion angle and reflections from surroundings. Correction was
made for the insolation angle by the cosine law, Correction
factors due to reflections from surroundings were predetermined
to be 2%, 11% and 35% for east-west angles of 45, 60 and 75°,
respectively,

Floor fans were utilized to simulate wind speeds to 7 1/2 MPH.
Wind velocity distribution measurements at the collector surface
are shown in Figure 5.
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6.0
6.1

6.1.1

6.].2

REQUIREMENTS AND PROCEDURES

Collector Therma) Efficiency Test

Tested by
Started
Completed

Test Requirements

The thermal performance evaluation data shall be obtained at inlet
temperatures of 0, 25, 50 and 100°F above ambient temperature,

at a liquid flow rate of 308.7 1b/hr of 50% by volume or 52.7% by
weight eth¥1ene glycol water, at insolation rates of 150, 200, and
300 BTU/Fté.Hr and a wind speed of 7.5 mph. In addition, three
data points without wind were also obtained. The following data
were recorded during the test at each test condition.

1. Absorber surface temperature - 15 locations.

2. Heat rejection loop temperature - 8 locations.

. Ambient temperature.

Collector inlet liquid temperature,

Collector outlet liquid temperature.

Collector differential temperature.

. Liquid flow rate.

o ~N  h " B W

Insolation rate.

Test Procedure

1. Mount test specimen on test table at a 45° angle with respect
to the floor.

2. Start liquid flow loop and establish a flow rate of 308.7 Lb/Hr.
3, Establish the wind speed of 7.5 mph.

4, Power up simulator in accordance with Reference 2.3 and esta-
blish the required flux level,

5. Establish the required inlet temperature.

6. Record data for a minimum of five minutes at above stabilized
conditions.

7. Repeat steps 4, 5, and 6 to change the flux level and liquid

inlet temperature as necessary until data has been obtained
for each test condition specified.

6



6.0
6.1
6.1.3

REQUIREMENTS AND PROCEDURES (Continued)

Collector Thermal Efficiency Test (Continued)

Test Results

The results obtained during these tests are contained in Figure
6 and Table II.
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6.0
62

6.2.1

6.2.2

REQUIREMENTS _AND PROCEDURES (Continued)

Collector Time Constant Test

Tested by
Started
Completed

Test Requirements

According to ASHRAE 93-P, the time constant test shall be con-

ducted by abruptly reducing the fiux level to zero. The inlet

temperature shall be kept to within t2°F of ambient, or the best

achievable with the existing system, with a liquid flow rate of

308.7 Lb/Hr, The differential temperature across the collector

g?gg rec?rded to determine the time required to reach the con-
ion o

Te - T1 = 368

where

Te = Qutlet temperature

Teqni = Initial outlet temperature
Ti = Inlet temperature

The following data were recorded during the test:

1.  Absorber surface temperature 15 locations,

. Heat rejection Toop temperature - 8 locations.
Ambient temperature.
OR
Collector inlet temperature. OFIgggﬁL PAGRE IS
QUALITY

Collector outlet temperature.
Collector differential temperature -~ Thermopile.

Liquid flow rate,

T®W N Y B W N

Insalation rate.

Test Procedure

1.  Mount the collector on test table at 45° from the horizontal
and assure that solar simulator surface is parallel to the
collector surface,

2. Adjust the linguid flow rate to 308.7 Lb/Hr.

Q



6.0 REQUIREMENTS AND PROCEDURES (Continued)

6.2 Collector Time Constant Test (Continued)

6.2.2 3. Adjust the liquid inlet temperature to within ¥2°F of
ambient,

4. Adjust the flux level to 250 BTU/Ft2.Hr.
5. Monitor the differential temperature on strip chart recorder.

6. Allow the system to stabilize at above conditions for at
least § minutes.

7. Turn off the solar simulator.

8. Monitor the differential temperature until the ratio of

Te - Ti .
Té—;.—r-l—l-':'——:—ﬂ“ is less than .30.

6.2.3 Test Results

The result obtained during this test is contained in Figure 7
and Table III.
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6.0
6!3

6.3.1

6.3.2

REQUIREMENTS AND PROCEDURES (Continued)

Collector Incident Angie Modifier Test

Tested by
Started
Completed

Test Requirement

The collector incident angle modifier shall be conducted at
north-south radiation incident angles of 0, 15, 30 and 45°,

At 0 and 45° angles, the east-west @ngle changes parallel to

heat trap folds and along constant length stationg radiation
incident angle were 0, 30, 45, 60 and 75°, At 15 and 30°
north-south incident angles the east-west anales were 0°, The
liquid flow rate will be 308.7 Lb/Hr with the inlet temperature
controlled to within t2°F of ambient, or the best achievable

with the existing system, at the insolation rate of approximately
300 BTU/FtZ.Hr at normal incidence and 0 mph wind speed. The
following data were recorded during the test at each test condition.

1. Absorber surface temperature - 15 locations.
2. Heat rejection loop temperature - 8 locations.
3. Ambient temperature.

Collector inlet Tiquid temperature.

o £~
.

. Collector outlet liquid temperature,
6. Collector differential temperature.
7. Liquid flow rate.
8. Insolation rate.

Test Procedure

1. Mount the collector on test table at 45° from the floor,

2. The solar simulator angle was adjusted to obtain the proper
north-south incident angles.

3. At 0 and 45” north-south incident angles the east-west was
ardjusted to 0, 30, 45, 60 and 75°. At 15 and 30° north-south
incident angles, the east-west angles are G°.

4, Establish the required liquid flow rate.

5. Establish the required liquid inlet temperature.

6. Power up the solar simulator to obtain an insolation rate

10



6.0
6.3

6.3.3

REQUIREMENTS AND PROCEDURES (Continued)

Collector Incident Angle Modifier Test (Continued)

7. Record data for a minimum of five minutes at above stabilized
conditions.

8. Repeat above steps to complete all the required tests,

Test Results

The results obtained during the test are depicted in Figure 8 and
9, and Table IV.

1




6.0 REQUIREMENTS AND PROCEDURES (Continued)

6.4 Collector Heat Loss Coefficient Test
‘ Tested by
Started
Completed
6.4.1 Test Requirements

With the built-in electric heater on the absorber plate, the
collector heat loss coefficient can be determined. The collec-
tor was tilted at 45° from the floor with the wind speed of

7 1/2 mph, The power input to the absorber plate electrical
heater was adjusted so as to maintain the absorber plate at
average temperatures of 200°and 160°F. The following data were
recorded during the test.

1. Surface temperature - 15 locations.

2. Heat rejection Toop temperature - 8 Tocations.
3. Ambient temperature.

4. Power input to absorber surface.

6.4,2 Test Procedure

1. Mount the collector on the test table at 45° from the floor.
Assure that the flow passages are dry.

Establish the required wind speed.

P W o

Adjust the heater power controller to obtain the required
average absorher plate temperature.

5. Record data for a minimum of five minutes at stabijlized
conditions.

6.4.3 Test Result

The results obtained during these tests are presented in Table V.

AT
ORIGINAL paGls b
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6.0
6.5

6.5.1

6.5.2

6.5.3

REQUIREMENTS AND PROCEDURES (Continued)

Collector Stagnation Test

Tested by
Started
Completed

Test Requirement

Utilizing the MSFC Solar Simulator, conduct the stagnation tests

at collector tilt angles of 30, 45 and 60° from the horizontal.

For each tilt angle, the colIector pane1 was irradiated by the

insolation rates of 250, and 300 BTU/FtZ.Hr normal to the collector.

ghe following data were recorded during the test at each test con-
ition.

1. Collector tilt angle

2. Insolation rate,

3. Ambient temperature.

4, Absorber surface temperature - 15 locations.
Convector tube surface - 8 locations.

Test Procedure

1. Mount test specimen on test table at required tilt angle,
2. Fi11 the collector flow passage with liquid,

3. Power up simulator in accordance with Reference 2.3 and
establish the required solar flux level,

4, Monitor data until the surface temperatures reach steady state.
5. Data was recorded continuously during the test,

Test Results

The results obtained during these tests are contained in Tables VI,
VII and VIII. Due to the loss and degradation of lamps, the flux
levels dropped. Refer to Tables VII and VIII for the insolation
rate at 30 and 60° tilt angles.

13
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7.0
7.1

ANALYSIS

Revision A

Thermal Performance Test

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

The efficiency of a collector is stated as:

7 - Jun o Cef (the - t1.9) (1)
1 TA

where:

Qu = rate of useful energy extracted from the Solar

Collector (BTU/Hr)

A = overall total collector area including convector =
24.95 Ft2

I = Total solar energy incident upon the plane of the
solar collector per unit time per unit area (BTU/Hr.Ft2)}

m = Mass flow rate of the transfer liquid through the
col]eator per unit area of the collector = 14.7 Lbm/
Hr-Ft

Ctf = Specific heat of the transfer liquid (BTU/Lb.°F)

tf,e = Temperature of the transfer liquid leaving the
collector (°F)

te,i = Temperature of the transfer liquid entering the
collector (°F)

Rewriting Equation (1) in terms of the total collector area yield:

g? = (mA) Cef (tre-tfi) _ MCtf (tf,e-tf,i) (2)

(IA) Pj

Notice that:

Pi = 1A =
mA = M =
Therefore

Total Power Incident on the Collector
Total Mass Flow Rate through the Collector
h Ctf (tf,e-tf,i) = Total Power Collected by the Collector

1A

vy

ke
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7.0
7.1

ANALYSIS (Continued)

Thermal Performance Test (Continued)

Substitution in Equation (2) results fn:

2 _ Pabs (3)
Pinc
where:
Pabs = Total collected power

Pinc

Total incident power

This value of efficiency is expressed as a percentage by multi-
piying by 100, This expression for percent efficiency is:

Collector Efficiency . P Tabs x 100 (4)
Pinc

or from Equation {2), collector efficiency is defined by the
equation:

% Eff.= M Cer (tF,e-tf,i) x 100 (5)
P4

Each term in Equation (5) was measured and recorded independently
during the test. The calculated values of efficiency were deter-
mined at eighty-second intervals. The mean value of efficiency
was determined over a five-minute period during which the test
conditions remained in a quasi-steady state. Each five-minute
period constitutes one "data point' as is graphically depicted on
a plot of percent eff1c1ency versus_

tf,i+tf,e _t t -ta
___....._.__..!._ a
((tf,i-ta) /D) , 22

and
I
where:

tf,i = Liquid inlet temperature {°F)

tf,e = Liquid outlet temperature (°F)

ta = Ambient temperature (°F)

Ep = Average absorber plate temperature {(°F)
1 = [Incident flux per unit area (BTU/Hr-Ft2)

t,i+tf,e . EBVI d tpo-t
The abscissa terms (tf i-ta) /1 ,( an —E“-i

were used to normalize the effect of operating at d1fferent values
of I, tf,i, tf,e, tp and ta. The results are found in Figure 6.

15



7.0
7.1

ANALYSIS (Continued)

Thermal Performance Test (Continued)

T2 first and second order polynomial to hest describe the test
results are

Efficiency = ag + o T

ag + as[ + aq]' 2

where: ORIGINAL PAGE IS

- OF
T - (troi-ta) /1 or(thuisthe - o) /1 or Tpcta POOR QUALITY,

and Efficiency

and the coefficients are determined to be:

T (tf,i-ta) /1 (tf,i+tf,e) /2-ta | tp-ta
Coefficient I I
. arf) L6852 L7100 ..7654
aj -.6905 -.7167 -.7736
ag 6777 .6998 L7504
a3 ~.6155 -.6317 -.6793
a4 ~.1057 -.]]28 N -.1116 ]
L o N A D

-

th = taa + tea + 74 + tga + top
5

The performance nf a flat-plate solar collector under steady state
conditions can be described as

Qu = A;l (AT)e - AjUL (“p-ta) (6)
where:
A; is the absorber plate area = 2] Ft2

Gleﬁe is the prnduct of transmissitivity and absorptivity
at normal incident angle

Since the «fficiency is defined as the ratio of the useful energy
extracted from the cnllector to the total incident energy.

16
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7.0
7.1

ANALYSIS (Continued)

Therma) Performance Test {Continued)

Equation & becomes e
U - A oYe - Ay fecta)
LI X r
It is convenient to introduce two parameters Fp and F'
where:

FR = actual useful energy collected
useful energy collected if the
entire collector surface were
at the inlet liquid temperature

= Fp AjI(®), - Y A; (ti-ta)

or

= Qy . A§ Fr _ Ay FruL ti.ta
AN R R R G
and

F' = actual useful eneray collected

useful energy collected if the
entire collector surface were
at the average liquid temperature

W= F [M12, - Ay (thiistre ta))

.

As shown in Figure 6, if the efficiency is plotted against

n (tf,i+tf,e - ta)
-8 F'UL 2
1

W = A p@),
AT A

tf'}_ta . tf,;+tf’e -ty , and tggta , & linear regression
1

(7)

(8)

can

be applied to determine the coefficients in equations 7, 8, and 9.

From equation 7
A
A—i—@?)e = 7654

My,

.7736
3 7

@),

]

91
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7.0
7.1

ANALYSIS (Continued)

Therins} Performance Test {(Continued)

v = .92
From equation 8
A .
T Fr@)e = 6852 - FR
Ay - ‘F
-A_ FRUL “ |6905 .. R
From equation 9
Ay _, _ .
i Fr@¥, = 7100 SR
A
iy = .76 L F
7 F'u, 7

18
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7.0
7'2

ANALYSIS (Continued)

Time Constant Test

Two methods are proposed by ASHRAE 93-P for conducting a time
constant test. However, due to facility limitations, only the
first method could be used, This method consisted of shutting
down the simulator and maintaining a constant flow rate and
inlet temperature while obtaining data.

According to the definition of time constant given in 93-P, it

is the time required for the ratio of the differential temperature
at time 2 to the initial differential temperature to reach ,368.
It can be expressed as:

Te
Tre® - £ - 38 (1)
Tf,e,ini = T,

If the inlet liquid temperature can not be controlled tn equal the
ambient air temperaturg, then the following equation must be used

FU Hta)ﬂr‘(tfe T -Yi) - 368 (2)
FRUL (tfsi-ta) +*_E-(tf e,ini - 1)

where:
Tf,e,?.' Exit 1iquid temperature at time T
Tf,i Inlet 1iquid temperature
Tf,e,ini Initial exit liquid temperature
m Liquid mass flow rate = 307.8 Lb/Hr
Cp Specific heat of liquid = .79 BTU/Lb-°F
Aj Absorber area = 21 Ft?
FRUL Negative of the slope determined from the

thermal efficiency curve

During the time constant test, the inlet 1iquid temperature can not
be controlled to within ¥2°F of ambient air temperature, hence
equation {2) was used for evaluation, From the performance curve,
it is found that FRU, = .62. Equation (2) becomes

.62 (93.1-82.6) + 11.68 (Lf e®-82.6) . 4¢cq
.62 (93.7-82,6) + T1.B8 (16,75 ) '

19




7.0
7.2

ANALYSIS (Continued)

Time Constant Test (Continued)

ar

tf’e z - tf.i = .347
tfe,ini = tf 4

From Figure 2 the time constant was determined to be 3 minutes and
22 seconds,

EIS
RIGINAL PAG
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7.0
7.3

ANALYSIS (Continued)
Incident Angle Modffier Test

Two methods are proposed by ASHRAE 93-P for incident angle modi-
fier tests. For the MSFC Solar Sinulator Facility, only method
1, (tilting the collector) is applicable. The collector was ad-
Jjusted so that the north-south incident angles were 0, 15, 30,
and 45°, At 0 and 45° porth-south angles the east-west angles
were adjusted to 30, 45, 60 and 75°.

According to 93-P, the performance of a flat-plate solar collector
at incident radiation angles other than normal is defined as

= 9, = A A tf -t
20y Mg g O

Rearrange equation (1), the incident angle rnodif'Ier.A’n, can be
expressed as

oy g

A
ﬁi FR@&)y,

(2)

[f the inlet liquid temperature is controlled to within %2°F of
ambient temperature, equation {2} becomes

Sz 2 (3)

Aj
o Fa®2),

Table lv shows that the inlet liquid temperatures were not
within Z2°F of ambient air temperatures. Hence, equation (2) was
used for evaluation.

L - 7) + 800 tr,i-ta
1
X

The results of this computation are shown on Table IV and plotted
against east-west incident angles in Figure 8 and plotted anainst

L - 1 in Figure 9.
cos @ ;

For the 45° north-south incident angle with a 75° east-west incident

angle, the data plot was found to be anomalous and is not reported
herein.

B 1S
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7.0
7.4

ANALYSIS (Continued)
Heat Loss Coefficient Test

The heat loss coefficient is determined at a given input heater
power when the absorber plate temperature reaches a steady state
condition. The heat balance equation describes this steady state
condition is

Pin = AjUL (Fp-ta)

where:

Pin = Input power BTU/Hr

A; = Absorber surface area = 21 Ft2

U = Heat loss coefficient ?fZE%%TFF
tp = Average plate temperature °F

During the test the heater power was set to 600 watt and 400 watt.
The heat loss coefficients can be calculated as following:

. 600 x 3.413 i BTU
! 2Tx (196.9 - §9.9) 9 F A
UL = 400 X 3.4]3 = ‘8] BTU
21 x (162.7 - 82.8) W

22
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Relative Flux Intensity
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Incident Angle Modifier K).?"

O 0° North-South incident anole

0  45° North-South incident angle
0 15 30 45 60 75
East-West Incident Anole, Pearees
FIGURE 8. Davstar Collector Incident Ancle Modifier Test Pesults
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TABLE I

DAYSTAR COLLECTOR INSTRUMENTATION

HP COMPUTER INST.
No, LINE ID FUNCTION
26 107B 1 Absorber surface temperature °F
2 109B 2 Absorber surface temperature °F
3 110A 3 Absorber surface temperature °F
4 110B 4 Absorber surface temperature °F
5 111A 5 Absorber surface temperature °F
6 111B 6 Convector tube surface temp. °F
7 112A 7 Convector tube surface temp. °F
8 112B 8 Convector tube surface temp. °V
9 113A 9 Convector tube surface temp. °F
10 113B 10 Cor.vector tube surface temp. °F
11 1147 11 Convector tube surface temp. °F
12 1148 1A Absorber surface temperature °F
13 115A 23 Absorber surface temperature °F
14 1158 3Aa Absorber surface temperature °F
15 11l6A 4A Absorber surface temperature °F
16 116B 5A Absorber surface temperature °F
17 117A 6A Absorber surface temperature °F
18 117B 7A Absorber surface temperature °F
21 119A BA Absorber surface temperature °F
22 1198 9A Absorber surface temperature °F
32




TABLE 1 (Continued)

HP COMPUTER INST.

No. LINE ID FUNCTION

23 120A 10A lcOnvector tube surface temp., °F
24 1208 11A Convector tube surface temp. °F
25 107A 12A Absorber surface temperatuvre °F
27 108A Ambieﬁt tenperaturé °F
66 138 Q Insolation rate BTU/Ft?-Hr

67 133a F Flowrate Lb/Hc.

68 ]3w. TR=-2 Collector inlet temperature SF
69 lBé TR=-3 °F

Collector outlet temperature

Refer to Figure | for surface temperature measurement locations.
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Daystar Collector Indoor Thermal Efficiency Test Results - 7.5 mph wind

TABLE II

I0 | ™ |[*2 |3 | #¢ | | %
1A | 1070 n55 | j288] /054| /251] /343] |
2A 10981 11901 1985d] 12071 12801 /406
| 3A 108681 1169 1298] 1196 /259! /387
YA | 080! 115 | 1504 12071 1270 1377
JA 1087 | 114 1 130841 /204 /244| /379
6A 24| 1208 13651 /236| /309 /435
A | 10258 ussl 12491 /95| 1249 1344
] 109.01 11725 104 J.m% [248! /3]
4 od | Hs.8) LI ses6l /281 /894
A | 929! 9571| 989) 596 9248 Fos
3A | 1019 HAO| 1292 //95| /283 /353
94 ad | 1016 1084 /096] 112.3) 147 ;
2 4 | _io4d | 12.6] /1.7 Msll [210 .
| 3 15| 1023, 1083] /043 /081! /27| /244
5 913 102.7] 1097! /098 1/2.7) /74
Amb | 904|884 %96) #4824 31| 944
Tin Q3| 9331 941\ /049 /l052! /053] /353
Tout! 1007 1011} 1631 /4370 HIT| /243 .
AT o4 131l 201! 57| /28| /90
Yo | 1066 MM} J241| HEE] [24/| /33N
1 Q 150 200 | 300 | /50 200 340
F AMm.2l 309.50 3094) 3087 308~ 3094
4. 622| 435.71 57271 6L0 4§39
T 000! o2d] 022 /571 ML 07
Ta AN L pose 054 /881 /Hs| S04
| T's | 08} s291 22| 248 208 /43
- -
i

MiFC - Porm 3

09 (July 19480}
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TABLE 11
(Continued)

10 %0 ™0 | | VAN ANZARZINS
1A | /44 ) 1202 2805 2450 /90 7 | 24/57) /3727 | /929 |
_I.Lﬁ 2LV D | 2848|192 | 2032) 2007 214 | 7050
| 3A 1 L7204\ /80.0 | /f£3] /907 ) 20/0] 2022] /379 /94
YA | 2459 smg | 101 5 lI70)| /925 2007 2039 /316 | /92.5
[ JA_ | /857 | /7/§ | /020 |\ 7648 | /92 4] 208.3] 2027| /35§ /934
8A | 7424\ /2| /i5d | /08.0] 1943] 2040| 2043 ]| 74+ /%8
TA | 49| /707 | 1784 | 784,71 7970 (998 | 208.3| /357 /F93
) 1629 | /d8.9 | /709 | /f8.0] /927 | /993 /994 | /38.4] 4902
Y Ll 7| LZ0E L A18.) | (527 1935 2040 2044 sidaa| 1947
{ 12A | r022 | r08.6| /05 4] /c80) 1701 1/2.7] /6.4 | s00.2 | /94
— A | s/ | s626 | 1704 2044 | 1597 2990 2070 /24 2 /13;1
| 4724 /587 | /43.7| /79| 18 5| 285 7] 7973 170 | /9 44
b L3905 627 | /679 | LE/5"| /3| /900 1992 s204] /727
|3 /200 | /404 /Y50 5y | /543! /592 2] 29| Jeoo
S | /54| 88| Su2 1923 /793 /zz,ﬁﬁé 201 /783

mbh | §/7| #/7 | 520 9/9| 52/ 524 &2 T4
Yin | /882 /5¢5 /54510727 1299 | /004 | 1969 | o5 | /70
Sout | /642 [ fadd /700 | 143.0| /065 /99| 2007] 1250 182/
AT | g0 | 27/ 98| 33| 46 | /27| /7 | 194 | /52
Tp [ e39 /697 /7757 /850 /895 | 1984 | 202.0] /343 | /55.4 ]
Q) AT0 | 200 | 300 | /S50 | 200 | 300 | /50 | 300 | 300
3 UL 130413003 1 8/22! 304 2.9 30724] 3089 | 3450
7 34| SHE| s00)| 284 50| 44G| /24 447 J2.4|
7. S97 1. 374 | 247 | B32| /59 4241 7% |  070] 247
Lo | JH | 207, 2Ta| . 843 506! 347 7521 /03] 293
Ts MJ-"Z‘!.M’ SFF| 599 . 387 . 797 /64| 239

*N
—
. i
MSFC - Rorm 209 (July 1980} 35 St .
ORIGINA
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TABLE 11
(Continued)

A

b 4] /9
/A /778
| 2A 177 7
A /172724
JA | /749
£A | /744
64 /14
ZA | /7717
/ /742
o /789
[2A | /220
7 /7727
9A | /70.2
2 /72.4
3 /L8
/A7 0
b | 729
Tin | /615
Tout | 173.9
AT 5 2 |
Tn | /748
Q_ | /45
£ 2074
y 393
7 5
1z .JTFQ!
i) . Vi

MSFC - Porm 209 {(July 1960}
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TABLE III‘
Time Constant Test
T.
Mlztﬂ:d 13:0:51118:2:00 | /8: ,.-nl /3:1/.-47' 13:6:8 (19:7:27) 19:8:/| /8. 10:5
LA 120.) | 120.2,] 1208 | (20.3) 120.3 ] 120.3 5.2 | 1099 105.)
27 | 12368 4237) j239| 1238 123.9] 123.9] 12/ ug.o | 4.3
AR L1204 205 1205 12061 1214 L 1190 | 1098 | 1050 1019
9A | 42081 121 1219 | 122,00 122.0 119.9] 1109 | 1058 ] 102 5
SA | 1207 1208 12081 4209 1219 1143 llod 105.7] 102.4
S A 1210 | 12770 [272| 1272 1272| 1254 45} 108.]1 | 103.7
1A | /190 /91 M92| 1122 1193 /54| 1070 | o2 3 994
] 1218 /Zéi.f_.llu’;f;_mno__lli;ﬂ_ﬂ&-i [098 | fo4/8] s00.§
l 1231 | /233 (25| (234 1234 12340 424 | 1040 /0/.9
QA | 223| s | g27| 929 95)] 972 93.3 73.2] 23/
By J202) /Z02 (203 | /23| /20| 1124 | 7078 | 02 2] 990
N_| 1030} fox/ 23/ /037 1032 1000 %) | 949 943
2 L08.| L264/; 1905| 1045 /0447 £04.4| 984 | 944 9.3
D L4047 selF o) J02.11402.2 ) 102.5] s00.7| 994 782
T | 1041 i0%2, (053] 1043 ] 7043 1033 | 972 952 943
Amh ZL.‘F__&A:;__.ELLJZ.J J2.7 | 27| 28] §27]| s2.4
| Tin_ | 92.95) 97 00| 9262 9304 | 93 /2 95./3 | 73./9| 93 /5 | 93. 069
Tout [/09.65] /52.7:. 15 i0| 109.34] 109.91] 104, 90 [ /00.8/| 9833 | 94.52 ]
AT L8-49| /6.7, 2. 77| JEZ8| £4.80) 1 77| 742 & 373
Q 250 | 253-_.4____?1..:-7;;‘-_4::0__&& Q o o o
E__ 180933099 30%0!303.9]30803079| 3074|3059 | 3052
;
o
5
. |
R—
MSFC - Yorm 209 (July 1960 T o 3/ Shest. o
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CALCULATION OR OATA SMEET

1
%, TABLE 1V
! Incident Angle Modifier Test
P LN=S | o 0 0 O | +5 | 30 | 44 | 45
1 =W L O 30 45 7294 | . 0O o ! 0 30
D LIA 11260012341 119.4 924.3 (12841 (2641129.2( 134
" L2A li3o02 1251 1211 2941 1%1.% | 1312 | 1240} 1150
3A 12737 124.7] 1202 | 952 1128.0] 123.1 115.0
P LdA (1275 1239] 119.7 6.9 | 123.21 12841 (22.0] [J4.£
| [sA 12781 1230 19, 9290 | 1284 1283 122.0| 113.9
AA | 1339 129.7] 1242 9841 1339 133.0) 1255 1113
{ 1 Z2A_ 1 1z40/[ 1209! !10Q d 763 | (23.6] 123.1] 17.0] 1104
i L/ (278] 1242 118.7 | 1061] 950 1227| [248| /20.0] 112.4
v 1293 | 1251 120.5) 1099 984 /298" 7277 /205 112.4
| /2A | 945 1089 949 8§98 9921 /000 995 904
(184 liasd] — 1 1184 —— | /242 /1239 — | lio.5
L 9A L/05] | 0491 /03.9 ] ¢ 940 | /054 106.7| J03.3| 990
21094 (03 5 /06.7] 99/ | 90 | 1090 /097] s05 4] 700.7]
1 3 041" 1099 /0 92.7 So8.5| /071! /0¥ 4| /02.5
5 | /068, 143 /03.52 9§\ 1070 /078! (42| 992
Amb | §23 | 344 37/ | f2.7| F4s5| N5 F2L] §4.9
Tin | 92.8| 929 342 /3| 84| 941 | K4 949 92./]
Toud | //3.0 | 1108 | [109.0] /04 P34 1137\ L1 1094 /03. 9
AT | 202 179 . /¥ . Y7 /941 /80 | /48| HE |
- LE 8/1.7 1.3097! 509& 71 .3024]|.3023| 3090 .3/2.3]308.3 |
Q| 300 | 2573 | 24841 /465 1049|2898 2593\ 2084 1574
% 444 | 4781 671 1] ] ss2| 6728] 28] wtd
Wzl 2 | zo 1 /o 470,973 Jo | 20| 93
' MSFC - Porm 209 uty 196m ORIGINAL PAGE IS 38 ——
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CALCULATION OR ODATA SMEET

TABLE IV
{Continued)
N-3 | Ys | 44
-\ | 45 | Q0
1A | /091 /0.6
_LAﬁ_ZU;L /034
AA V02 Lols
YA /0 | /Jod /.
JA | /o024 £42.2]
A | /2.0 /2371
7A | /0871 949,
/ L1478 G715,
f | 1005 /M/
A | /2848 99?f'L
QA ?75 i‘::":‘_f;__ ——— 1
2 47, 77 |
3| /009| 75 |
5 2791 945
Amb | £54| 842
Tin g23, 24
Tout | /04541 S )
AT 7/ 2o
E Ljd’}‘izi Ao i
ARy VAW, V)
_K}-l :Z_/ ?'..'L./ — r
|
—
— - !., —
I
SRR S
.—T,
[ -
MSFC - Form 209 {July 1v40) 39 mﬂﬂﬂt"m IQ
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CALCULATION OR DATA SHEET
TABLE V
Heat Loss Coefficient Test
e
|
W s BWLE RS | !
| 2001 74/ 9 | |
/N 1 | |
Lotnal i :
i+l 4 ' I l
| 2099 /o7 | t | |
| 20001 /857 o !
2e | ] I l
e A :
W77 5 B | ! '
oo I/ ' i
Jodal peal | |
W4 ¢ A RS RN ' 5
| L - | =
LEFE l i
g2k | N
ofan | !
W7 aa— i !
N _! I
;' B i f
: L] |
} )
i
| T
[}
| |
; L
L Ao
N T
|
J
R
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CALCULATION OR DATA SHEEY

MIFC « Porm 719 (July 1966}

TABLE V!
“oostor Collector Stagnation Test - 45°

Ig"“ 1152 12..32,5 2521 1349 la:zg 13:53| |4:23 ] 14:55 /5.-4,7
|| 2010] 2057, 203.5] 2/0.1] 2079] 22350 223.11 2273 2248.7
L1 /9.8 2039 2074 T 2083\ 2254 2245\ 2244 2254
2 | /598] /R3] 17041 /92 4| /9.6 | 203.9| 205/ 2/0.51 2089
b | 2OAST 2077 2/0.0,2/2.3] 203 2251 2274 230.9 2309,
J /JZZQ_.ML’ZL_/Q.{Z_MZ 2059 | 2263)| 2243 | 224.9
8 | /263 | /544 ). 752 /805 /673 | 200.4] 200.0| 205/ :
1 /zfﬁjaa_jfss LL5 [ 2/87 \ 2273|2296 | 2323|2324
8 1/322|2/3: 2/24| 2/35] Ll27 2250|2274 230./] 230.3)
Y L s241| /454 m’{,..L P73 | /979 2087 2/0.1 ] 2/40]| 2/4.0
10 | /248 | /85541 sl L /US| /722 203.2] 203 2085 2072,
\L_{ /3091 2/ 7 /4.0, 2/865| 2/42| 2270\ 2293|2324 2322
A u_u_mi_f Al LS| 2174 2294 23[9 | 2345|235/
2A sz_j_.._z . L. L4713 | 2785 2279 2305123302339
TNl 2043 2ox -;;.:.-;.;a.;zzzi__zu.ff!;azz 242.5| 24/7 124548
YA 2702, 2708 77201 2277, 2274 2306 2392 | 238.2 2399
SAL20E2 2225 ;750 | 224)| 224.9] 234.3| 2393 ] 2390 2£0.2,
A 20921 245> = -:r 2208 2H4) 2307 232.8| 2359 234./
A 2075 11[ __._ud_i_z‘/&:L_ZMl 236.81 240./
AA! /987 7 L3701 2040 2786 220.0| 2243 zza.d
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