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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



r------------------------NOTICE 

This report was prepared to document work sponsored by the 
United States Government. Neither the United States nor its 
agents the United States Departm~lt of Energy, the United 
States National A&ronautics and Space Admini~tration, nor any 
federal employees, nor any of thai~ contractors, s~Lc~»tractors 
or their employees, make any warranty, express or ~lied, or 
assume any legal liability or res~~sibility £or the 4CC~~&cy, 
completeness, or usefulness of any information, apparatus, 
product or proce£s disclosed, or represent that its use would 
not infringe privately owned rights. 



• 

TECHNICAL REPORT STANDARD TITLE PAGE 
1. REPORT NO. 2. GOVERNMENT ACCESSION NO. 3. RECIPIENT'S CATALOG NO. 

DOE/NASA CR-150868 
4. TITLE AND SUBTITLE 

Desfgn Data Brochure for the Owens-illinois SunpakTM 
Air-Cooled Solar Collector 

S. REPORT DATE 

December 1978 
6. PERFORMING ORGANIZATION CODE 

7. AUTHOR(S) 

9 . PERFORMING ORGANIZATION NAME AND ADDRESS 

Owens-Illinois 
Post Office Box 1035 
Toledo, Ohio 43666 

8. PERFORMING ORGANIZATION REPOR ·r It 

1 0. WORK UN I~ NO. 

11. CONTRACT OR GRANT NO. 

NAS8-32259 
13. TYPE OF REPORI. 8o PERIOD COVERED 

~--------------------~----------------------------------------~ 12. SPONSORING AGENCY NAME AND ADDRESS 
Contractor Report 

National Aeronautics and Space Administration 
VVashington, D. C. 20546 14. SPONSORING AGENCY CODE 

15, SUPPLEMENTARY NOTE$ 

This work was done under the technical management of Mr. John Caudle, George C. 
Marshall Space Flight Center, Alabama. 

18. ABSTRACT 

This report contains the information necessary to evaluate the design and installation 

of the Owens-Illinois Sunpak TM Air-Cooied Solar Collector. Information includes collector 

features, fluid flow, thermal performance, installation and system tips. 

This document has been slightly modified in the interest of clarity. 

17. KE'I' WORDS 

19. SECURITY CLASS IF. (of thla report\ 

Unclassified 

MSFC- Form 3 2t 2 (Rev. December 11 U) 

18. DISTRIBUTION STATEMENT 

Unclassified-Unlimited 
UC-59c 

~L~ .. -~ -'-- ' ~ -e4 
~ VVILLIAM A • .¢'"00KSBANK, JR. I 

Mgr, Solar Heating and Cooling Project Office 

20. SECURITY CLASS! F. (of thla pale) 21. NO. OF PAGES 22. PRICE 

Unclassified 12 NTIS 

For aale by National Technical Information Service, Springfleld, Vir&inia 2 2161 





• 

• 

TABLE OF CONTENTS 

Description 

1. 

2. 

3. 

4. 

5. 

Features 

Thermal Performance 

Fluid Flow 

Installation 

Systern Tips 

,---------NOTICE-------, 

This report was prepared as an account of work 
sponsored by the United States Government. Neither the 
United States nor the United States Department of 
Energy, nor any of their employees, nor any of their 
contractors , subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately owned rights. 

iii 

Page 

1 

3 

6 

7 

9 

RIBUTION OF TH18 DOCUMENT IS UN LIMIT~ 



.. 

The Owens-Illinois Sunpak TM Air-Cooled Collector 

Owens-Illinois Sunpak TM Group has added an air­
cooled collector to . its advanced solar thermal 
collector family. The collector utilizes a highly 
selective wavelength coating in combinatioFl with 
vacuum insulation, which vi rtually eliminates con­
duction and convection losses. Sunpak is a high 
performance, high temperature, air-cooled collector 
available for commercial applications. 

The Model SEC-601 air-cooled collector extends the 
versatility of the Sunpak family. The Model SEC-601 
collector combines the many advantages of using air 
as the heat transfer fluid with the nigh thermal 
performance of selectively coated low loss evacuated· 
tubular collector elements. Qualified and certified. 
under NASA Contract No. NASS-32259, the Model 
SEC-601 collector has completed the rigorous test 
procedures of the Interim Performance Criteria (IPC) 
for Solar Heating and Combined Heating/Cooling 
Systems and Dwellings dnted January 1, 1975. 

Figure 1 Sunpak TM Model SEC-601 Air-Cooled 
Collector Module 

Features 

.Qualified and certified to the I PC for heating and 
cooling systems and dwellings . 

. Thermal performance certified by an independent 
agency . 

. Safety - Problems of freezing, boiling and secondary 
damage due to liquid leaks eliminated . 

. Reliability - No filling or draining problems . 

. Liyt1L weight - Ease of new or retrofit installation . 

. Structural integrity- Qualified by test to withstand 
150 mph wind loads, thermal and mechanical cyclic 
loads, earthquake, snow and ice loads. Withstands 
up to 1.25 inch diameter hail at terminal velocity. 1 



.Tube element breakage does not disrupt collector 
operation . 

. Leak tight to less than 1% design flow; system heat 
loss and air pumping power are minimal . 

. Safe to long-term exposure at high temperature 
stagnation (no fluid flow) conditions. No thermal 
shock failure . 

. Corrosion-erosion problems elminated. (No fluid 
additives or fluid treatment required. Pollution 
problems from the disposal of waste fluids 
eliminated. No cost air is used.) 

.High performance-high thermal efficiency operation . 

. Simple single wall heat exchange for domestic hot 
water heati no applications. 

.Modular in design for minimum on site labor and 
installation cost. 

Modular in construction, a 72 tube unit mny be 
ground assembled, lifted to position and installed 
with a minimum of on site labor. Weighing less 
than 340 pounds with tube elements installed 
(120 pounds without the tube elements), the 100 
square foot unit is easy to handle. Since the roof 
is used as the diffuse reflecting backing screen, 
virtually no additional loading of the structure 
results even under high wind conditions. The 
tubular· elements are about eight inches above the 
roof line and shed snow easily. Collector 
performance testing during the heavy snow conditions 
of the 1978 Toledo winter demonstrated virtually no 
lost days due to snow cover. 

Since the same basic tubular elements arc used for 
AithP.r Air or I iflll irl r.nniArl r.niiAr.tnrs. thA In no rlAIIP.Inr­
ment and service experience of the Sunpak collector 
is applicable. The optical characteristics, the 
demonstrated strength and service life of the KG-33 
borosilicate glass, the vacuum protected selective 
coating and the low coefficient of thermal expansion 
and attendent high thermal shock resistance are uniquE 
features of the Sunpak collector family. The liquid 
cooled member, in field demonstration projects 
since 1975, has accrued the field service experience 
yielded only by thousands of installed square feet 
evaluated under actual operating conditions delivering 
high quality energy to a variety of load applications. 
The largest single liquid cooled collector installation 
is the 7000 square foot array used to drive con­
ventional cooling equipment for the Government 
Services Adminstration (GSA) Building, Saginaw. 
Michigan. Successful operation during the cooling 
season of 1977 and the heating season of 1978 has 
demonstrated the year-round performance capability 
of the Sunpak liquid cooled evacuated tubular 
collector. 
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Thermal Performance 

MODEL SEC-601 AIR COOLED COLLECTOR 
THERMAL PERFORMANCE * 
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*NOTE: All equations and graphs are based on 
effective installed area which is equal to 80% of 
total installed area for this collector. 

Figure 2 Thermal Performance 

1.0 

Thermal performance is presented on an all day 
operating basis rather than the solar noon instan­
taneous efficiency condition. The data points 
represented by circles were obtained for relatively 
clear day conditions .. The collector was south facing 
at a tilt of 450 in Toledo, Ohio, at a latitude of 410. 
The test period was from Apri I 12 to May 20, 1978. 
The test procedures, instrumentation and data 
reduction were conducted under the surveillance of 
an independent agency, Smith, Hinchman and Grylls, 
Detroit, Michigan. Each point represents one full 
day of testing. I hus, optical ettects due to the 
angle of incidence of solar radiation and the 
physical characteristics of the collector such as 
its thermal mass and time constant are integrated 
over an operating day. The reported performance is 
penalized for any time during the day when the 
operating conditions resulted in a negative gain; 
the energy lost was subtracted trom the energy 
gained to arrive at the net gain for the day. 

To a good engineering approximation, a reasonable 
first cut at predicted performance may be obtained 
by using monthly daily averages of insolation trans­
formed to the ti It plane of the collector and 
average daily ambient temperatures. Wind speed and 
relative humidity have virtually no impact on thermal 
performance. The only assumption required is thP. 
value of the collector inlet fluid temperature summed 
over the operatina day. 
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The insensitivity of the performance predict ions to 
an error in assumpt ion for 2:: Tin is a unique 

· feature of a very low loss characteri st ic co llector . 
While a "smart" co ntrol ler wou ld al low co ll ector 
f!uid flow onl y under co nditions of useful energy 
ga in, the use average da il y su nshine hours results 
in onl y a minimal pena lty (conservative est imate) due 
to the low threshold leve l of inso lation required by 
the co ll ector . To predict the thermal performance of 
the co l lector: 

Procedure 

Step 1 Determine the long-term monthly da il y 
average for the so lar insolation at the se lected 
geographic locat ion from the Climatic Atlas or 
other accepted sou rce. 

Example: Madison, Wiscons in 

June December 

H = 1895 BTU R = 424 BTU 
FtL- Day Ft.2 - Day 

Step 2 Transform the daily average insolation 
from the reference plane to the tilt 
plane of the co llector 

Example: Mad ison, Wisconsin 

(Col lector Tilt = 530) 
t 1Tp=1463 BTU . I 1Tp=877 BTU 

Ft.L- Day Ft.T Day 

Step 3 Select the average fluid inlet temperature 
for the intended operat ing cond ition. 

bwmplc: Madi:;on, Wi3consin 
I lot Water ll eating S[JdCI:::! Hi:::!dling 
T m - 1 40° F Tin 80° F 

Step 4 Determine the daytime da il y 
avera~e temperature from the reference 
source. 

Example: Madison , Wisconsin 
I = / bu l- T = 29°F a a 

Step 5 Subtract Step 4 from 3 and multiply by 
the daily average hou r:, ul surrslrirrl:::! lor Ltre 
month taken from se lected sou rce. 

Example: Madison, Wi sconsin 

L (Tin-Tal=( 140-75)9.5 I. (Tin-T al= (80-29)3.5 
=618 =179 

4 



• 

Step 6 Enter data into the characteristic equation 
of the collector efficiency curve. 

Step 7 

Example: Madison, Wisconsin 

June 

n=.52 - .15(618/1463) 
n=.46 

December 

n=.52 - .15(.179/877) 
n=.50 

Multiply Step 2 by Step 6 to obtain the 
predicted useful energy gain of the collector 
per square foot of effective installed area. 
(Effective installed area equals 80% of to.tal 
installed area.) 

Example: Madison, Wisconsin 

qu = 1463 x .46 qu = 877 x .50 

qu = 673 BTU 

Ft.2-Day 

qu = 439 BTU 

Ft.2-Day 

Step 8 Multiply Step 7 by the number of days 
per month to obtain the usefu I energy 
gain of the collector per month. 

Example: Madison, Wisconsin 
qu = 673 x 30 qu = 439 x 31 

qu = 20,190 BTU qu = 13,609 BTU 
Ft.2-Month Tt:L-Month 

The collector area required for the application is deter­
mined by the solar system designer based on the load 
requirements and the percent of total load expected to 
be provided by solar. 
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For more accurate results, the daily thermal 
performance characteristic equation may be used 
directly in thermal performance predictions through 
the use of such procedures as the "f" chart 1 approach. 
It should be noted, however, that the upper 
temperature limits at which energy must be dumped 
and the threshold insolation level at which the 
collector will turn on are much different than the 
assumptions used in generating the background data 
from which the "f" chart procedure was developed. 

Fluid Flow 

Figure 3 Parallel Air Flow Path 

The 72 collector tube elements are mounted in a 
par·allel flovv IJdLir dlldlll!eiiH::!IIL Tlris llrirrillliLes Lt1e 
pressure drop due to air flow in the collector which 
is 0.38 inches of water gage at the design tlow rate 
of 2CFM per tube ( 144CFM per module). The 
manifold ducting is sized to minimize the static 
pressure gradient and is center fed to equalize 
tlow distribution in each of the tubes. The exit 
or higher temperature air duct is contained 
essentially within the inlet or lower temperature air 
duct to minimize duct heat loss. For other than 
design flow condition, test data demonstrate the 
imperical relationshrp between arr tlow and pressure 
drop to be: 

f~P-:0.1 (CIM)1.92 
A P = inches, w.g. 
CFM = volume flow rn Ft.J/mm per tube 

Because of the very low loss coefficient of the co llector, 
relatively low air mass flow rates may be used without 
a significant degrAdAtion in thP.rmal pP.rformance. This 
minimizes the air pumping power requirements. lor 
example, at 2CFM volume f low per tube, the 
collector pressure drop is only 0.38 inches, w.g. 
Allowing for pressure drops in ducting and other 
system components, a total system pressure drop of 
n n inr.hr.-;, w.o. IMOI_IIr::l be fe<:~sible . The air fan 
pumping power requirement at a 15% fan efficiency 
for a Model SEC-601 collector module would be: 

HP = 157.5x1o-6 X 
nF 

P X CFM; HP 

~ P = inches, w.g. = 0.6 in., w.g. 
CFM = Total volume flow= 2x72 = 144CFM 
n F = Fan efficiency = 15% 

HP = 0.09 HP = 231 BTU/HR 

1 Klein, S.A., Beekman, W.A., Dujfie, J.A. "Design 
Procedures for Solar Heating Systems" 
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1 nsta11at1on 

A Sunpak Model SEC-601 air-cooled collector 
contains 72 collector tube elements. A close-up of 
a section of a module is shown in Figure 4. The 
modular design also includes the air manifold and 
interface ducts, the tube end support brackets, t he 
rail support structure and roof mounting brackets. 
Without the tube elements in place, the remainder 
of the 72 tube module weighs on ly 120 pounds. 
With the tubes installed, the total weight of the 
modu le is less than 340 pounds. Thus, the 
tubes cou ld be ground instal led and the module 
lifted to the mounting position with a minimum of 
handling equipment. Deflections of the support 
structure during handling wi ll not cause damage 
to t he glass tubes or resilient seal elements. 
The modu le is pressure tested at the factory for 
air leakage (1.0% design flow maximum) prior to 
shipment. 

Figure 4 Cl ose-up of Module Manifold, Collector 
Tubes Insta lled and T Bar Support Structure 

Fi
1
gure 5 A luminu m Distributor Tube Threaded 

into Socket in Inner Duct. 

7 

· . 



Fi~ure 6 Detail of a Section of the Model SEC-601 
Col lector 

ThR silir.onP. rubber labrinLII air seal and tube 
cushion is cemented to the cover tube at t he 
tactory. The subassembly is pushec.J into its 
socket and rotated slightly to insure fu ll 
insertion . The water retarding cover is tanged 
and mates with slots in the manifo ld wel l 
socket. A 45° rotation ensures fu ll engagement 
and protection. 

Figu re 7 Tube End Support Bracket & Support Cups 

To complete the installation, the outboard t ube 
end support cup is snapped into place by 
exerting a forward and downward rotating f orce. 
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Figure 8 Prepared Roof and Module (less tubes) 

The roof area behind the collector module is 
prepared by installing Alcoa Bone White 
No. K2028-30 (flourocarbon) or equivalent, 
diffuse radiation material. The 4 inch ribbed 
industrial sheet was used in the I PC Verification 
Test Program. The roof penetrating air ducts 
which interface with the manifold air transition 
ducts are also prepared prior to installing the 
collector module. The preassembled module support 
structure, with manifold in place, may be attached 
to the raised surface of the 4 inch ribbed sheet 
using Molly type blind hold attachments for 
each of the 20 mounting pads per module. 

System Tips 

• The high temperature performance of the Model 
SEC-601 Collector and the absence of storage 
pressure problems due to operating temperature 
(using rock bed storage of thermal energy) could 
result in lower storage size and cost. 

• The low loss coefficient of the collector allows 
the addition of an air liquid heat exchange 
element without significant loss in thermal 
performance. Where the I iqu id medium 
represents a small percent of the load a low 
effectiveness ( ....... 25%) heat exchange element 
may be used; where the liquid medium 
represents a high percentage of the load, a 
higher effectiveness (-v50 to 60%) heat 
exchange element should be used. 
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• Two thermocouples (copper-constantan Type T) 
are supplied with each module. They are located 
in the annulus area of a tube element about mid­
way along the axial length of the tube. The 
indication of air temperature in the tubes may 
be considered in establishing system control 
strategy. 

The Model SEC-601 air-cooled collector has been 
qualified for continuous operation for up to 3250F 
exit air temperatures. This limit is related to potential 
long term degradation of the insulation and an 
attendant increase in heat loss. Operating instructions 
require that collector start-up be limited to a 
measured stagnation temperature within the 
collector of 4500F or less. This limit is not 
related to therma I shock or any catastrophic 
failure mode: repeated exposure to excessive high 
temperature start-up or continued operating 
temperatures above 3500 F could cause a gradual 
loss 1n thermal performance due to an induced 
increase in. air leakage or to the degradation of 
the Insulating properties of the system. The 
collector can withstand long-term exposure to 
high temperature stagnation (no air flow) 
conditions Without degrading the operating 
thermal performance characteristics. 

6096/8/78 
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