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1..0 PURPOSE

The purpose of this document is to present the test procedures used
and the test results obtained during the performance of ate evaluation
test program on the Owens-Illinois Sunpak, model SEC-601, air solar
collector under natural outdoor weather conditions. 	 All testing
activities were performed on a single module installed on the MSFC
Solar House.	 The test was performed and the data evaluated according
to the methods provided in Reference 2,1 as applicable to outdoor
testing of solar collectors.

2,0 REFERENCES

2.1 ASHRAE 93-77	 Method of Testing to Determine the Thermal
Performance of Solar Collectors

2.2 NBSIR 78-3305A	 Provisional Flat Plate Solar Collector Testing
Procedures: First Revision

•	 2.3 DOE,/NASA CR-150860	 Qualification Test and Analysis Report - Solar 	 P
Collectors (Owens-Illinois SEC-601 Sunpak'.
Collector)

3.0 COLLECTOR DESCRIPTION

Manufacturer:	 Owens-Illinois

Manufacturer's	 P. 0. Box 1035
Address:	 Toledo, Ohio	 43666

Model Number:	 Sunp ak SEC-601

Type:	 Evacuated Tube

Working Fluid:	 Air

Gross Collector
Area, Ft2 :	 104.56	

i

a
Overall External	 Width, inches	 103.1
Dimensions:	 Length, inches	 146.6

Collector Glazing:	 Evacuated Tube
i

Weight:	 Total Module, .lbs.	 338 i
Without Tubes, lbs. 	 118

Diffuse Reflector 	 Certainteed double 4" siding, No. 002-13
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4.0	 STIMMARY

This test program was conducted to evaluate the performance of an
Owens-Illinois Sunpak SEC-601 air, evacuated tube solar collector
under outdoor conditions. The module tested, .shown schematically
in Figure 1, was-one of four modules constituting a solar heating
system at the M.SFC Solar House. A schematic of the complete test
loop is shown in Figure 2. The array was operated and monitored
over a period of approximately two months (August and September
1979) to provide sufficient data under ideal testing conditions to
insure that the data presented is suitable for the purpose intended.
The test conditions and data obtained from selected days during the a
test program are listed in Table I for the thermal performance
test, and are presented graphically in Figures 3 through 6. Table
II contains the data and results obtained in determining the incident
angle modifier for the Sunpak SEC-601. The consolidated incident
angle modifier data from three days is shown in Figure 7. A time
constant test was performed to determine the transient effects of
changing solar, flux. The results of the time constant test are pre-
sented in Figure 8.

The only common ground for comparing overall collector performance
should be the "all day efficiency" rather than FR d.?'. No standard
practice has been established, but each collector should be evalu-
ated for space Beating, domestic hot water and solar cooling or
process heat applications at a nominal location. This would assist
the solar designer in choosing the most efficient collector for a
particular application. Evacuated tube collectors are effective
for solar cooling applications thezefore, according to the proce-
dure in NESIR 78-13051'x, an all day efficiency for the Sunpak SEC-
601 was calculated for a typical solar cooling application. The
selected site dependent data in conjunction with test results used
in this determination are shown in Table II1.

The specified diffuse reflector material, Alcoa roofing coated with
Alcoa bone white 4K2028-30 (fluorocarbon) was not available. A sub-
stitute material, Certainteed double 4" siding No. 002-13, was used
for these tests. This white vinyl material reportedly has a slightly
better reflectance but does not have the same surface shape as the
specified material. It is not expected that this change in the
diffuse reflector material caused a significant change in the col-
lector performance, but due to the unavailability of the specified
material, this was not verified. Contractor data reported in Refer-
ence 2.3 is shown, however, for comparison of performance parameters.

k
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5.0	 TEST CONDITIONS AND TEST EQUIPMENT

5.1	 Ambient Conditions

Unless otherwise specified herein, all tests were performed at
ambient conditions existing at the MSFC Solar House Test Facility
at the time of the tests.

5.2	 Instrumentation and Equi ment

All test equipment and instrumentation used in the performance of
this test program comply with the requirements of MSFC-MMI-5300.4C,
Metrology and Calibration.	 Instrumentation locations on the test
loop and collector are depicted in Figure 2. A listing of the equip-
ment used in each test follows:

Ap2aratus	 Manufacturer/Model Range/Accuracy

Thermocouples	 MSFC Supplied 0 - 500OF + 0.5°F

Pyranometer	 Eppley - PSP 0-800 BTU/Ft2-Hr'4 , 3%

Shadowband Pyranometer 	 Eppley - PSP 0-900 BTU/Ft2 --Hr + 3%

Air Loop	 MSFC Supplied N/A

Data Logger	 Model 2240A, John 1-30MV + .01%
F 1,&,e Company

Flowmeter	 Kurz Instruments/ 0 - 1250 FPM + 2%
Model 430/435

1

a

a

The PSP pyranometer5 were calibrated by the manufacturer.
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TEST REQUIREMENTS AND PROCEDURES

6.1
	

Collector Thermal Efficiency Test

6.1.1	 Test Requirements

Thermal performance data from the Sunpak Model SEC-601 air collector
shall be obtained utilizing the MSFC air test loop at the MSFC Solar
House Test Facility. The collector shall be mounted on the South,
facing 450 sloped roof of the Solar House, with a roof covering of
Alcoa Bone White., $K2028-30 (fluorocarbon) diffuse radiation material,
or equivalent, Ilie Following data shall be recorded of test variables
and conditions,

1. Ambient Air temperature.

2. Collector inlet air temperature.

3. Collector outlet air temperature.

4. Collector air flow rate.

5. Total insulation.

6. Diffuse component of insolati.on.

Thermal performance evaluation data shall be obtained at inlet temp-
eratures of approximately 0, 70, 90 and 110 OF above the ambient temp-
erature at an air flow rate of 2 CFM yjer Ft2 of collector. The
efficiency curve shall be established by "data points" taken at one
minute intervals near solar noon that represent efficiency values
determined by integrating the data over a time period equal to the
time constant or five minutes, whichever is larger. The integrated
value of incident solar energy will be divided into the integrated
value of energy obtained from the collector to obtain an averaged
thermal efficiency.

6.1.2	 Procedure

1. Assure that all insulated ducts are tightly sealed.

2. Initiate operation of the data acquisition system to record data
at one minute intervals between 11:00 A.M. and 1:00 P.M. solar
time and check to verify that all necessary data channels are
operational.

3. Establish the proper flow rate and inlet temperature for each
test designation.

4. Monitor the test parameters by using the data logger printout
at the test site.

5. Upon completion of testing, save the printout as a record.

4



6.0	 TEST REgUIREMENTS AND PROCEDURES (Continued)

6.1	 Collector Thermal Efficiency Test (Continued)

6.1.3	 Test Results

The results obtained during these tests are contained in Table I
and in Figure 3 for thermal performance data. The calculated
thermal efficiency is compared with the manufacturer's predicted
performance in Figure 4 for an inlet temperature equal to the
ambient. Figures 5 and 6 show collector thermal efficiency at
recorded insolation levels as a function of time of day for two
different days, with the inlet temperature equal to the ambient.

1
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6.2.2

6.2.3

ZEST REQUIREMENTS AND PROCEDURES (Continued)

Incident Angle Modifier Test

Reuuirements

Due to the collector's being permanently mounted at the 450 slope
of the MSFC Solar House goof, the collector incident angle modifier
shall be determined from collector efficiency data when the direction
of incident solar radiation is approximately 15, 30, 45, 60 and 67.5
degrees with respect to 0 0 at solar noon. Since these tests are
being performed at outdoor conditions, the inlet air temperature
should be maintained as close as practical to ambient (+ 2 0F). The
test should be conducted on a clear day with a wind speed of less
than 5 MPH. The efficiency values are determined in five pairs,
where each pair includes a value of efficiency early in the day and
a second value late in the day. The following data shall be recorded
at two minute intervals from 7:30 A.M. to 4:30 P.M. solar time on a
clear test day.

1. Ambient air temperature.

2. Collector inlet air temperature.

3. Collector outlet air temperature.

4. Collector air flow rate.

5. Total insolation.

6. Diffuse component of insolation.

Procedure

1. Assure that all insulated ducts are tightly sealed.

2. Initiate operation of the data acquisition system to record data
at two minute intervals between 7:30 A.M. and 4:30 P.M. solar time
and check to verify that all necessary data channels are operational.

3. Establish a flow rate of 2 CFM per Ft2 of collector at an inlet
temperature approximately equal to ambient.

4. Monitor the test parameters by using the data logger printout at
the test site.

5. Upon completion of testing, save the printout as a record.

Test 'Results

Incident angle modifier data was taken on three clear days as is shown
in Table IL. The average of the data from those three days is depicted
graphically in Figure 7.

11
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6.3.2

TEST REQUIREMENTS AND PROCEDURES (Continued)

Time Constant Test

Test Reauirements

In accordance with ASHRAE 93-77, the time constant test shall be
conducted by abruptly reducing the solar flux to zero. This will
be done with the inlet air temperature as close to ambient as
practical. (+ 20F), with an air flow rate of 2 CFM per ft 2 of col-
lector. The differential temperature across the collector shall
be recorded to determine the time required to reach the condition of

Tf ^ e 7̂.,- Tf,i
68

Tf,e,ini-Tf,i	
•3

where Tf ,e ,-r = outlet air temperature at time 7
Tf,e,ini = Initial outlet temperature

Tf,i	 = Inlet air temperature

The following data shall be recorded during the test.

1. Ambient air temperature.

2. Collector inlet air temperature.

3. Collector outlet air temperature.

4. Collector air flow rate.

5. Total insolation at initiation of test.

6. Time from initiation to completion of test at one minute intervals.

Procedure

1. Initiate operation of the data acquisition system to record data
at one minute intervals and check to verify that all necessary
data channels are operational.

2. Establish a flow rate of 2 CFM per ft 2 of collector at an inlet
temperature approximately equal to ambient.

3. Assure that the flux level is at least 250 BTU/Hr-Ft 2 and is not
fluctuating.

4. Assure that test conditions have stabilized.

6.0

6.3

6,3.1
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6.0	 TEST MQUIREMENTS AND PROCEDURES (Continued)

6.3	 Time Constant Test (Continued)

6.3.2	 Procedure (Continued)

5. Reduce the solar flux to zero by abruptly shading the collector
from the sun. Mark on the data acquisition systam printout the
moment when the collector is shaded.

6. Monitor and record the differential temperature across the col-

Tf,e,T- `rf,i
lector until the ratio of

	

	 is less than 0.30.
Tf, e, ini - `rf, i

6.3.3	 Test Results
a

The results obtained during this test are shown in Figure S.

7

a

7	 L'
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7.0	 ANALYSIS

	

7.1	 bermal Performance Test

The analysis of data contained in this report is consistent with
the procedures of References 2.1 and 2.2. The thermal efficiency
of the Sunpak SEC--601 determined from test data contained in Table
I is given by the following equation:

YI = 0.423 - 0.160 ( Ti-Ta
I

The calculated values of efficiency were determined at sixty second
intervals near solar noon and averaged over a fifteen minute period
in which the test conditions remained in a quasi -steady state.
Each fifteen minute average constitutes one data point shown graph-
ically in Figure 3. Due to the excellent insulative properties of
the evacuated tube and considerable data scatter, the best curve fit
is a first order polynomial of the form:

)'l = a  + al '7"

where:

Ir = (Ti - Ta)/I

The coefficients were determined to be

a0 0.423

al -0.160

for a flow rate of 2 CFM/Ft 2 of collector.

x^

t
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7.0	 ANALYSIS (Continued)

	

7.2	 Incident Angle Modifier Test

Two methods are proposed by ASHRAE 93-77 for incident angle modi-
fier tests. For the MSFC Solar House Test Facility only method
2 (testir. ,utside using a permanent test rack) is applicable..
Efficienc, data was determined when the direction of incident
solar radiation was approximately 15, 30, 45, 60, and 67..5 degrees
with respect to O o at solar noon on three clear days.

According to 93-77, the incident angle modifier is defined as

Kd2 = FR(C () n 	 (1)

where Yt = efficiency at incident angle.

FR(c(Z') n = Intercept of efficiency curve at
normal incident angle = .423

For equation (1) to be applicable, the inlet air temperature must
be controlled to within + 2 0F of the ambient air temperature. In
cases, where the inlet air temperature cannot be controlled to with-
in + 20F, the following equation must be used to evaluate the inci-
dent angle modifier.

Tf,i - Ta
_ ?( + FRUL	 I

K d't	 FR (d?") n	 ( 2)

where:

FRUL is the negative of the slope determined from the
thermal efficiency curve.

The inlet air temperatures were all within + 2 0F of ambient air
temperature. Hence, equation (1) was used for evaluation.

h
Kd? = FR (d.?') n

The res7_11ts of this computation are shown on Table II and plotted
against incident angle in Figure 7.

The purpose of the incident angle modifier is to allow a designer
or analyst to predict the total daily energy output from the col-
lector, as the sun tracks from east to west. Most collectors are
more efficient at normal incidence than at other angles, but some
are even more efficient at angles other than normal. The only com-
mon ground for comparing collectors should be the "all day efficiency"
rather than FRd?'. However, the prospective application of the col.
lector also influences the value of "all day efficiency." That is,
for low temperature applications such as space heating or domestic
hot water, a typical flat plate collector may have an all day effi-
ciency of 40%, but for solar cooling applications the all day effi-
ciency might be 20%. Therefore, criteria should be established to

10
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	7.0	 ANALYSIS (Continued)

	

7.2	 Incident ,Angle Modifier Test (Continued)

rate each collector for space heating, domestic hot water, and
solar cooling at a nominal location, because efficiencies are
also dependent on outdoor ambient temperatures.

Evacuated tubes are effective for solar coaling applications;
therefore, according to the procedure in NBSIR 78-1305A, the
all day efficiency of the Sunpak SEC-601 collector is 35.9 per
cent for a typical solar cooling application where Tin is approxi-
mately 100OF above ambient. 

-
The selected site dependent data in

conjunction with test data used in these determinations is shown
in Table III. No standard criteria has been established for "all
day efficiency" and these calculations are dependent on system
operating parameters, site data, time of year and daily weather.
Therefore, the above information should be viewed as interesting
but not conclusive.



	

7.0	 ANALYSIS (Continued)

	

7.3	 Time Constant Test

Two methods are proposed by ASHRAE 93-77 for conducting a time
constant test; however, due to Facility limitations, the first
method was used. This method consisted of shading the collector
and maintaining a constant flow rate and inlet temperature while
ob."..aining data.

According to the definition of time constant given in 93-77, it is
the time required for the ratio of the differential temperature at
time 'r to the initial differential temperature to reach .368, when
solar insolation is reduced to zero. It can be expressed as:.

Tf,e,-r " Tf,i	
= .368	 il)

Tf,e,ini - Tf,i

If the inlet liquid temperature cannot be controlled to equal the
ambient air temperature, then the following equation must be used.

FRUL (Tf,i -Ta) + Aqp (Tfye,T - Tf,i)
= .368	 (2)

FRUL (Tf,i-Ta) + mp (Tf,e,ini- Tf,i)
AC
g

where:

Tf,e,Z'	 Exit liquid temperature at time ?'
J

Tfli	 Islet liquid temperature

Tf,e,ini Initial exit liquid temperature

1h	 Liquid mass flow rate, lb/hr

Cp	 Specific heat of liquid, BTU/lb-OF

Ag	 Gross collector area, ft2

FRUL	 Negative of fine slope determined from the
thermal efficiency curve

The inlet temperature was maintained within + 20F of the ambient,
hence equation (1) was used for evaluation. From Figure 8, the time
constant was determined to be 15 minutes and 36 seconds.

^4' 	 12
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1

f

TABLE II

INCIDENT ANGLE MODIFIER DATA

Date Angle
Coll.

nEff. KoC-C

8/16,/79 0 43.6 1.000

Is 15 44.0 1.009

of 30 45.3 1.039

if 48.9 1.122

of 57.6 1.321

of 50.9 1.167

9/15/79 0 42.2 1.000

15 42.8 1.014

it 44.2 1.047

of 45 48.5 1.149

it 54.8 1.298

of 67.5 51.5 1.220

9/23/79 0 41.2 1.000

" 15 41.4 1.007

" 30 42.7 1.037

" 45 47.2 1.147

" 60 56.0 1.361

" 67.5 50.0 1.215

3

Angle ° 1 K c(*r

0 1.000

15 1.010

30 1.041

45 1.139

60 1.327

67.5 1.200

e

14
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