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SUMMARY 

In order to successfully commercialize the application of solar energy to terrestrial'en- 
ergy demands, the performance and durability of the solar components and systems need 
to be demonstrated to the buying public and their financial supporters. Thus an extensive 
program of hardware development and testing is required. ' 

This final report surveys U.S. solar thermal test facilities and some foreign high-temper- 
ature test facilities that will play significant roles in developing solar thermal systems. 
Although the emphasis is on mid- and high-temperature technologies using concentrating 
collectors, a brief list of facilities qualified to test flat-plate collectors is also 
included. A 1,975 survey of facilities by the Aerospace Corporation is frequently refer- 
enced and t h e  complete report is incorporated as an apperidix. 

Seventeen facilities within the United States have capabilities for testing nonconcentrat- 
ing collectors. Most of these can meet the requirements of American Society of Heat- 
ing, Refrigerating, and Air Conditioning (ASHRAE) 93-77. 

The present DOE program requiring concentrating collector technology and i ts  supporting 
test needs is examined. Ten facilities, mostly located a t  national laboratories, either 
already exist or are planned to support the distributed concentrating collector program. 
In view of anticipated test needs for the  program, i t  is recommended that all facilities 
except one should receive continued support and be maximally developed. It is also sug- 
gested that several facilities that are potentially useful for testing concentrating collec- 
tors should not be upgraded for that purpose. 

Test requirements for central receiver technology are also identified: three existing fa- 
cilities and one planned domestic facility provide support to this technology for the near 
future. The 5 M W  Central Receiver Test Facility a t  Albuquerque, New Mex., and the 
400 kW Advanced Eomponents Test Facility a t  Atlanta, Ga., a re  the principal installa- 
tions. Since installations are expensive, additional large facilities cannot be justified. 
Also, seven foreign facilities can be applied toward testing receiver components or to- 
ward high-temperature metallurgy. Large-scale experiments such as the Barstow, Calif., 
and the planned Ft. Hood, Tex., installations will provide additional system and compo- 
nent testing and evaluation. For some time, s~~ccess ive  generations of central receiver 
systems will be improved because of user experience. 

Appendices containing specific data on each distributed concentrating collector and cen- 
tral receiver facility are included in the report. 
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SECTION 1.0 

INTRODUCTION 

This final report presents a survey of the solar thermal test facilities, a task that was 
carried out by Solar Energy Research Institute (SERI) at  the request of the Department 
of Energy (DOE). The major emphasis was on mid- and high-temperature conversion 
technologies using concentrating collectors. However, a list of facilities capable of 
testing flat-plate collectors has also been included for completeness. The mid- and high- 
temperature technologies have been grouped and are discussed in terms of distributed 
and central receiver facilities. 

In 1975 the Aerospace Corporation [l] -completed a survey of facilities then available for 
testing technologies associated with the central receiver concept. In an effort to avoid 
duplication it has been referenced throughout this report, with a copy i'ncluded as 
Appendix C. 

Appendix A contains detailed data sheets that were completed for facilities identified as 
being suitable for testing concentrating collectors in distributed systems. Appendix B 
includes detailed specifications for recently completed facilities that ,were installed for 
testing central receiver components and components of advanced technology conversion 
schemes. Among them are the 5-MW test facility at Sandia Laboratories, Albuquerque, 
N.Mex., and the Advanced Technology Components Test Facility at Georgia Institute of 
Technology, Atlanta, Ga. 

The direct application of solar energy to fill terrestrial energy demands has been limited 
by high capital cost, uncertainties in performance of currently available collectors and 
projected collector designs, and the low cost of more conventional energy sources. An 
extensive program of collector testing and evaluation is essential to remove many of 
these uncertainties before public or industrial investments lead to the fulfillment of 
DOE'S plan to commercialize solar energy. Although considerable progress has been 
made in testing and evaluating flat-plate collector performance for low-temperature 
applications such as domestic water and space heating, many uncertainties remain in the 
performance of concentrating collectors for mid- and high-temperature applications. 
Very few data are available on the lifetime of collectors or their performance 
degradation under field use. The application of data from accelerated lifetime testing 
done in the laboratory to the prediction of actual performance under field use has not 
been demonstrated and, at present, remains a difficult and inaccurate estimate. At best, 
it serves as an interim technique until long-term field tests and experience can be 
accumulated. 

Testing programs of the magnitude necessary to remove these uncertainties are 
expensive. The expense is greater than individual manufacturers are willing, or often 
capable, of accepting. To fill this need and support the eventual commercialization of 
solar energy systems, the Federal Government has established several test facilities at  
sites across the nation. One objective of this report is to survey the capabilities of these 
facilities and to determine to what extent they answer the testing needs of the national 
solar energy progra m . 





SECTION 2.0 

NONCONCENTRATING COLLECTORS 

During the  init ial  survey of test facilities, several  government laboratories were  
identified as having t h e  capability of tes t ing flat-plate collectors t o  support  low- 
temperature  solar the rmal  programs. The laboratories identified were: Brookhaven 
National Laboratories and Lawrence Berkeley Laboratories of DOE; National Bureau of 
Standards (NBS) in Maryland; and National Aeronautics and Space Administration (NASA) 
Laboratories at  t h e  Lewis, Langley, and Marshall sites. Each se rves  a dif ferent  area of 
t h e  program. A synopsis of the  capabilities of each facil i ty is given here. More specific 
da ta  are a v a i l ~ b l e  f rom t h e  da ta  shee t s  included as Appendix A. 

Brookhaven National Laboratories has the  capabil i ty for tes t ing small  a r e a s  of low- 
temperature ,  inexpensive collectors suitable fo r  boosting heat-pump performance.  

Lawrence Berkeley Laboratories has a t es t  bed [% with approximately 40 m 2  of f lat-  
p la te  collector. I t  could support t h e  development of control  s t ra teg ies  fo r  heating and  
cooling systems t h a t  use microprocessor programs and t h a t  can b e  implemented in ROM 
memory chips fo r  mass production. I t  is also supporting t h e  development of ammonia  
absorption cyc le  chillers capable of operating with low-temperature feedwater.  

National Bureau of Standards Laboratory has test loops designed fo r  test ing smal l  a r e a s  
of flat-plate c o ~ T c t o r s  in order t o  develop and s tandardize  tes t ing procedures. Their  
test results  a r e  used in establishing accepted test procedures such as those endorsed by 
American Socie ty  for Testing Materials  (ASTM). 

NASAILewis has a radiant heat  facil i ty with limited 1.2 m by 1.2 m aper ture .  I t  is a 
general-purpose facil i ty and has been used t o  charac te r ize  flat-plate collector 
performance under a variety of closely controlled input conditions, such as col lector  t i l t  
angles and sun incidence angles [3,¶ . 
NASAILangley has a large a r ray  ( o t a l  1,300 m2) of flat-plate collectors t h a t  supplies 
heating and cooling t o  a 5,000 m' building and opera tes  with near-ambient pressure 
water  a s  a t rans fe r  fluid. Since the  installation was originally designed as a collector 
test bed, i t  is well-instrumented. A t  present, the re  a r e  collectors from f ive  
manufacturers installed on which data on individual collector performance are being 
taken continuously. However, because of lack of funding, t h e  collectors a r e  not being 
used for detailed studies of system performance. 

NASAIMarshall has a large  faci l i ty  [a established under t h e  heating and cooling program 
t h a t  is intended for  the  evaluation of heating and cooling systems, subsystems, and 
selected components. I t  is completely commi t ted  t o  tests t h a t  support  this  program, 
incl~irling tes t ing collectors from the  DOEIEnergy Research and Development 
Administration (ERDA) demonstration program. Details  on th is  installation a r e  given in 
Appendix A. 

All of the  facil i t ies just described are designed and operated for research purposes. 
Several  laboratories are capable of test ing collectors commercially in accordance with 
t h e  requirements of ASHRAE 93-77 [61 and Housing and Urban Development (HUD) 
document 4930.2. They should serve  most of t h e  needs of commercia l  manufacturers  of 
f lat-plate collectors. A list of those laboratories is provided in Table 2-1. I t .  was 
compiled f rom a HUD document [ I  and a repor t  prepared by NBS in cooperation with t h e  

, Air Conditioning and ~ e f r i g e r a t i o n  Insti tute [81. 



Table 2-1. LABORATORIIS FOR COMMERCIAL TFSTING OF 
NONCONCENTRATING COLLECTORS 

Facility and Address Transfer Fluid 

Approved Engineering Test  Lab 
Attn: Bob Finch or Irving Williams 
15720 Ventura Blvd. Suite 608 
Encino, CA 9 1436 

Boeing Aerospace Company 
Attn: A.R. Lunde or Paul T. Sauber 
Box 3999, Mail Stop 86-01 
Dtattlt, WA 98 124 
(2nfi) 773-8518 

Desert Sunshine Exposure Tests, Inc. 
Attn: William '1'. Uokas or Gene A. Zerlaut 
Box 185-Black Canyon Stage 
Phoenix, AZ 85020 
(602) 465-7521 

Florida Solar Energy Center 
Attn: James  Roland or Dr. Charles Beach 
300 S ta t e  Road 401 
Cape  Canaveral, FL 32920 
(305) 783-0300 

Honeywell Energy Resource centera  
Honeywell Laboratories 
Minneapolis, MN 

J ohnson Environ m ent a1 and Energy Center 
Research Institute 
Attn: Mr. William Reid 
Annex D 
University of Alabama a t  Huntsville 
P.O. Box 1247 
Huntsville, AL 35807 
(205) 895-6257 

Lockheed Solar Collector Test Facility 
Attn: R. K. Wedel, Sr. Scientist 
Dept. 52-32, Bldg. 205 
3251 Hanover S t ree t  
Palo Alto, CA 94304 
(415) 493-4411 ext. 45776 

Liquid 

Liquid and Air 
Inside Simulator 

Liquid and Air 

Liquid 

Liquid, Air 

Liquid 

,. 

Liquid 

a ~ h e  Honeywell facility is not generally available for testing collectors 
from external sources. 



Table 2-1. LABORATORIES FOR COMMERCIAL TESTING OF 
NONCONCENTRATING COLLECTORS (Concluded) 

Facil i ty and Address Transfer Fluid 

New Mexico S t a t e  University 
Physical Science Laboratory 
Attn: Mr. William Stevens  
Las  Cruces, NM 88003 
(505) 522-4400 

University of Connecticut  
Solar Energy Evaluation Cente r  
Attn: David R. Jackson, 

Acting Director 
U-Box 139 
Storrs,  C T  06268 
(203) 486-2090 

Solar Energy and Energy 
Conservation Laboratory 
Attn: C.A. Morrison 
Mechanical. Engineering Depar tment  
University of Florida 
Gainesville, FL 326 11 
(904) 392-08 18 

Wyle Laboratories 
Attn: David Reese  
Box 1008 
Huntsville, AL 35807 
(205) 837-44 11 

Liquid and Air 

Liquid and Air 

Liquid 

Liquid and Air 





SECTION 3.0 

DISTRIBUTED CONCENTRATING COLLECTORS 

In the collection of solar energy, tracking concentrating systems have the capability of 
attaining higher temperatures, lower losses, and greater annual energy production than 
flat collectors whenever a large percentage of the yearly insolation is under clear sky 
conditions. In many cases the use of concentrating collectors is the only method of 
obtaining the high temperatures necessary for many industrial process applications. 
Recent studies [9,10,111 covering such applications indicate that, given favorable 
economic climates and political backing, a substantial area of distributed concentrating 
collector systems will eventually be required. 

/ 

For systems utilizing heat engines to generate shaft power, concentrating collectors are 
necessary to achieve sufficiently high temperatures to give acceptable overall 
thermodynamic efficiency. Total energy systems, irrigation pumps, and many dispersed 
power systems all require shaft power and therefore undoubtedly will use some form of 
distributed concentrating collectors if they are to be powered by the sun. In most large 
buildings cooling loads are equal to or greater than heating loads. To date, flat-plate 
collectors are marginal in their ability to provide working fluids at temperatures which 
ensure reliable operation of absorption cycle chillers, and they can drive Rankine cycle 
units only at low efficiencies. Therefore, in most applications of solar energy to air 
.conditioning systems, it appears that .concentrating collector systems will be most 
economical. In fact, recent studies [12,13] indicate that a parabolic trough will deliver a 
greater annual energy output than an optimum tilted flat-plate collector for a wide 
variety of climatic conditions. However, because of their closer compliance with 
common building practices and techniques, flat-pla te devices now represent the majority 
of the solar collector market. As concentrating collector technology advances and 
operating data document their performance, one would expect them to have a substantial 
role in future solar energy markets. However, thorough understanding and 
documentation of the perf ormance of concentrating collectors under actual operating 
loads and insolation conditions are prerequisite to their widespread acceptance. 

3.1 PRISENT PROGRAM 

Within the Division of Solar Technology the main objective of the current program for 
distributed solar energy systems using concentrating collectors is to establish the 
technical and economic feasibility of the concept 1141. The program is outlined in Table 
3-1, with additional details given in the text that follows. As part of this effort DOE is 
funding developnler~t of several systems that require shaft power. These projects are the 
Solar Total Energy (STE) and the irrigation projects managed by Sandia Albuquerque and 
the small pvwei' systems pmject managed by Jet Prop1.11sion Lab~ratory (JPL). 

In the irrigation project a largescale experiment has been constructed for a shallow-well 
pumping station near Willard, N. Mex,, and a deep-well system near Coolidge, Ariz., is 
being built. For these projects the government has simply procured concentrating 
collectors from the commercial market. Collector design and testing were not explicitly 
supported but were Ieft to t h e  commercial sector. The support afforded by these 
procurements is expected to stimulate commercial production of concentrating 
collectors. 



Table 3- 1. PROGRAMS INVOLVING DISTRIBUTED 
CONCENTRATING COLLECTORS 

Applications 

Shaft Power/Electrici ty  
Irrigation 
Small Power Systems 
Rankine Cycle Cooling 

Heat 
Industrial Process Heat 
Absar ptioii Cy vle Conllng 

. -  - 

combined 
Solar Tot til Energy 

Storage Subsystems Studies 

Technology Development 

Collector Hardware Development 
Collector Peak Performance 
Performance Standardization 
Storage 
Long-Ter m Degradation 

In the solar total energy program there are twn lrrrge-scale experimcnto underway. 011e 
is to  supply energy to military barracks a t  Fort Hood, Tex., and the other is to supply 
heat  and electricity to a commercial textile plant in Georgia. Unlike the irrigation 
project, however, DOE has supported development of advanced collector concepts for 
solar total energy applications by contracts with General Atomics, G e n e r ~ l  Electric, 
McDonnell-Douglas, Sheldahl, and Kaytheon. 

In support of the solar total energy program, DOE has fundcd a test facility at Sandia 
Laboratories in Albuquerque, N. Mex. The mission of this facility is to  verify system 
concep$ and test component hardware while providing power, heat, and cooling to a 
1,200 m office building. Also included is a facility t o  measure separately the efficiency 
of collector modules as  a function of flow rate and temperature. 

The distributed power systems program initiated by JPL is exploring some collector- 
receiver combinations that  might be used for electric power production. Total energy is 
not being considered a t  JPL; instead, emphasis is placed on obtaining high temperatures 
in order to achieve high thermal efficiencies. As part of this program, JPL is developing 
technology for point focus distributed systems. Basic systems studies are  being done, 
with all subsystem work on concentrators, .receivers, and prime movers subcontracted to 
industry. J P L  is planning to  upgrade an existing facility a t  Edwards Air Force Base to  
test and evaluate hardware. 



The application of distributed concentrating collectors to heating and cooling loads was 
addressed by a recent round of Request for Proposals (RFP) and Program Research and 
Development Announcements (PRDA) issued by DOE/ERDA [14,151 and administered by 
the Albuquerque Operations Office. The existence of, or the need for, test facilities was 
not mentioned in the documents. Several installations of concentrating collectors for air 
conditioning applications have been made by enterprising companies, but little useful 
data on their actual perf ormance are available. 

The application of the solar total energy concept to industrial needs using distributed 
concentrating collectors is under study through cpntracts recently let to McDonnell- 
Douglas and Atomics International by Sandia [ l a .  . 

The potential market -of solar energy for industrial process heat has been analyzed in 
several reports [9,10,111 with conflicting results. Many of the uncertainties in these 
results are due to the present lack of technical knowledge of process heat system 
performance and of the life-cycle cost of appropriate concentrating collectors; i.e., data 
input to the models. 

3.2 PERCEIVED TEST NEEDS 

To develop distributed concentrating collector systems, several kinds of testing and 
optimization studies are required. Component design, testing, and performance 
.evaluation, system design, and system integration are all related in an iterative process. 
Long-term performance data on systems should be generated under operating conditions 
and should be thoroughly documented to obtain reliable life-cycle costs. Different 
systems need to be compared for operating and control strategies and under a variety of 
insolation and load conditions before appropriate choices and sizing can be engineered for 
commercial. installations. In general, the capital outlay and effort to develop test 
facilities with the required versatility and extensive instrumentation cannot be justified 
by most collector manufacturers or commercial engineering firms. 

Industry is reluctant to invest the large venture capital necessary to install solar energy 
systems to supply part of plant energy needs. This is especially true in the absence of 
well-documented operating, maintenance, and performance data on which life-cycle 
costing can be based. The availability for inspection and trial operation of facilities with 
hardware simulating anticipated industrial applications should be effective in persuading 
the commercial sector to utilize the solar resource. 

The principal objectives of test facilities for distributed collector systems are given in 
Table 3-2. 



Table 3.2 OBJECTIVES OF TEST FACJLITIES 

Test and document the thermal performance of subsystems under standard, 
well-defined, steady-state operating conditions .in order to aid research in 
advanced technologies 

Develop standardized procedures for testing subsystems under a variety of 
operating conditions 

Validate analytical models for system performance 

Accumulate and document operating: ~ n d  maintcananoo cltpcricnce in order lu 
assess system reliability, lifetimes, and life-cycle costs 

'Identify problems and/or areas for improvement in hardware that would aid 
the commercial sector 

opera te  integrated systems under a variety of loads and insolation in order to 
develop optimum operating strategies for various commercial applications, 

Stimulate industrial solar utilization by being available for inspection, trial 
operation, and operator training 

3.3 PRISEWTLY AVAILABLE PACIIJTIES 

Several test facilities that could he used or adapted to the development of single 
cot~centrators and/or distributed collector systems have been identified from the 
literature, meeting reports, Rnd hy site  visit^. Thc initial list ilrcluded: (1) Sandia 
Albuquerque's Midtemperature Solar System Test Facility, including the Collector 
Module Test Facility; (2) American Technological University (ATU)/Fort Hood, Tex., 
Solar Engineering Test Module; (3) JPL/Edwards Air Force Base point-focus, distributed- 
receiver technology test and evaluation site; (4) NASA/Marshall; (5) NASA/Langley; 
(6) NASA/Lewis; (7) Lawrence Berkeley Laboratory; (8) Argonne Laboratories; 
( 9 )  University of Chicago; (10) NBS, Washington, D.C.; (11) Desert Solar Environmental 
Testing Ir~c., Ariz.; (12) Sheldahl/Suntec; and (13) General Atomic Company. 

Data forms were prepared and completed in as much detail a s  possible for each of the 
listed facilities. The completed data sheets are included in Appendix A of this report. 

In addition to these facilities, concentrating collector manufacturers identified from a 
recently published list [161 were contacted to see if they had facilities appropriate for 
inclusion in the survey. Three manufacturers responded to the inquiry. The capabilities 
reported by these manufacturers are also summarized in Appendix A. It is presumed that  
several of the manufacturers who did not respond have the ability to  test their products 
but were not interested in public disclosure of their capabilities. Some foreign 
manufacturers such as  the M.A.N. Company in West Germ'any are  also known to have the 
capability to  test concentrating collectors but. they have not been researched for this 
report. 



Few of the facilities listed are appropriate for supporting large or high level research 
programs, especially if system performance is addressed. Except for Sandia and 
NASAIMarshall the facilities are small test loops meant to characterize individual 
collectors and have no potential for system simulation. Some of these facilities were 
discussed in Section 2.0. The Sheldahl test loop is no longer operational. The remainder 
are considered here. 

The short collector-to-source distance makes radiant heat facilities, such as that 
available at NASAILewis, unusable for testing concentrating collectors of any size; the 
small collector size and heat handling capabilities make them inappropriate for systems 
testing. 

At Argonne Laboratories several small portable test loops 1171 were designed for 
performance testing of nonimaging concentrators. Some loops can be operated at  
temperatures as high as 150°C by using ethylene glycol instead of water. A high 
temperature loop using Therminol 66 is operational for temperatures to 260'~. The 
calorimetric ratio technique is used to monitor the performance of test modules. 
Weather data and insolation measurements appear to be very good. Two test loops 
similar to those at Argonne (one for water, one for Therminol 66) are installed at the 
University of Chicago. The Chicago and Argonne loops are located in a hazylcloudy 
climate and are potentially useful for measuring performance of focusing collectors 
under conditions of high circumsolar radiation. 

The test loop at ATUIFt. Hood [181 was installed to measure concentrating collector 
performance as part of the solar total energy large-scale expe iment at that location. It h can accommodate apertures to areas of approximately 40 m . The heat is discharged 
into the atmosphere. Due to a change in concept for this experiment the test loop is not 
presently in use and would require minor repair to become operational. 

Desert Solar Environmental Testing Inc. (DSET) [I91 is a commercial testing firm that is 
interested mainly in standard thermal performance testing of individual flat-plate 
collectors to ASHRAE specifications. A silicone fluid loop can test two different 
collector modules simultaneously to temperatures of approximately 350° C. Because no 
storage capability exists, the collected heat is discharged to the atmosphere by way of an 
evaporative cooler. The facility can handle one or two modules. 

JPL has begun research on point-focusing receivers in support of a small power systems 
program and has established a test site using facilities existing at Edwards Air Force 
Base [20]. Included in the near-term plans are a 6-m dish, two 11-m dishes to be used as 
test beds for receivers and engines, and six 11-m low-cost concentrators. Operation at 
temperatures greater than 315OC with 8.6-MPa steam or 0.31-MPa air is anticipated. A 
compu ter-based data acquisition system is operational. The primary emphasis is on high 
temperatures and small heat engines for power production. In these systems the 
concentrator, receiver, and heat engine will form a modular unit that eventually will be 
tested together. A single test module is an order of magnitude too small to duplicate 
most industrial process heat requirements. 

General Atomic Company has constructed a solar-heated test loop at San Diego, Calif., 
to demonstrate the operation of a eutectic salt as a heat transfer fluid. The facility uses 
six of the company's fixed mirror ynJa' concentration modules and is designed to operate 
to 600°C using Dupont's Hitec fluid. The test loop was constructed from 
commercially available stainless steel pipes and valves and uses trace heaters throughout 
to prevent freeze-up. Although initial project goals are expected to be met during the 
spring of 1979, the facility may have long-term value for component/material testing and 
salt loop O&M studies in the outdoor environment of an appropriate test site. 



The NASAIMarshall installation [a is intended to evaluate heating and cooling systems, 
subsystems, and s lected components. The total aperture of active collectors that can be 5 mounted is 400 m . Present design limits on guage pressure and temperature are 1 MPa 
and 120°C. Assembled from an unused NASA test station, .the facility uses an existing 
computer for data acquisition and control. Long runs on the analog data lines and fluid 
loops decrease the measured accuracy of system performance. The facility is totally 
com mi tted to testing heating and cooling components, incl~lding collectors from the 
DOEIERDA demonstration program. As of this writing, the facility had not completed 
qualification for acceptance by DOE, and its utilization was less than 25%. Capabilities 
do exist for simulating collector outputs to 147 kWt and cooling and heating loads 
equivalent to 36 kWt. 

Sandia Laboratories in Albuquerque, N. Mex., maintains a Midtemperature Solar Systems 
Test Facility (MSSTF) that consists of two separate facilities: a Collector Module Test 
Facility (CMTF) 1211 and a Systems Test Facility (STF) [21]. 

The CMTF is used to obtain thermal and optical performance data for prototype 
2 collectors of up to about 45-m aperture. It has three separate fluid loops that can be 

used on three simultaneous tests. One fluid loop incorporates a turntable on which a 
collector module can be mounted to follow the sun. Collector modules may be tested 
using water up to 315O C or a heat transfer oil up to 425' C. A collector test takes from 
four to twelve weeks. 

The STF consists of solar collector fields, high- and low-temperature thermal storage 
facilities, an electrical power generation subsystem, a lithium-bromide absorption air 
conditioner, an instrumentation and control system, a weather station, and loads. The 
loads may be cooling towers, a tu binelgenerator that can produce 32 kWe and about h 200 kWth, andlor a nearby 1,100-rn office building. STF components are evaluated for 
potential incorporation into solar total energy dispersed solar power application 
projects. STF equipment can test separately or as part of a system configuration, all 
components and subsystems that may comprise a solar energy system in the 
midtemperature range (200' C-425' C). 

SERI intends to establish the capability for hands-on study of individual collectors, 
collector fields, and solar process heat systems. A field test site is under construction. 
A Standard Module (STAM) [22] is under construction and will be installed in the near 
future. It consists of ;B modest-sized test loop capable of handling the 25-kWt output 
from a maximum 40-m aperture collector. Three test stations, nny two of which can be 
operated simultaneously, are planned. One station is a rotating platform that can track 
the sun. The installation is instrumented with state-of-the-art transducers and 
connected to a digital data collection and processing system. Initial design is for 
operation using either water or Therminol 66. This equipment will provide a versatile 
test facility capable of testing concentrating collector performance. 

Already installed at the SERI test site and referred to as the Subsystem Technology 
Development Facility (STDF) is a tracking paraboloidal dish concentrator with an 

2 aperture of approximately 28 m . A second identical dish is planned for the  near 
future. Instrumentation will be added for conducting basic research in heat transfer, 
fluid mechanics, materials for heat transfer and storage, and for analyzing advanced 
systems with capabilities leading toward commercialization of high temperature 
(>300° C) thermal conversion applications. 



Initial procurement efforts a r e  underway at SERI a s  part  of the  development of the 
SERAPH (Solar Energy Research and Bp l i ca t ions  in Process Heat) field installation. 
SERAPH g a  fleyible, modular facility tha t  will a s s i s t t h e  en@xeering development of 
complete solar systems. Early use of the facility (to become operational in FY80) will be 
directed toward solar industrial process heat systems. The cap  bility will exist t o  4 introduce collector field subsystems (up to  approximately 500 m ), ther ma1 storage 
devices, test articles (e.g., steam generators, chillers) and load demand, and profiles 
characteristic of specific industrial processes. An auxilary energy source will be 
available to  augment field output or to  simulate collector field output, representative of 
other geographic locations. 

Two experimental systems that  test distributed concentrating collectors have been 
developed outside of t he  United States. They a r e  described briefly here, with further 
details available in a paper presented by J.D. Walton at the SERI Concentrating 
Collector Technology Symposium [231. One of them is a plane-parabola system being 
developed by Hitachi, Ltd. in Tokyo [23, p.2481; i t  has the potential for testing operating 
strategies and storage subsystems a s  well as their unique concentrator and receiver 
components. It utilizes a unique configuration of 5 rows of 20 f la t  mirrors tha t  track the 
sun and direct i ts  radiation onto 5 parabolic trough concentrators. The concentration 
ra t io  of the quasilinear focus system is designed to  be 152. Twenty of these units will be 

2 interconnected t o  provide a total  heliostat area of 9,000 m with an expected output of 
1.0 MW of electric power. A pilot plant using fewer modules is scheduled to begin 
operation in July 1980. 

A tracking solar concentrator/r.eceiver unit developed by J. L. ~ i e r r i e r  is located in 
Angers, France [24. The unit has potential as a module in a distributed collector system 
and a s  a test bed for receiver subsystems. It  consists of some 263 mirrors mounted on a 
frame, 8.6 m high by 12 m wide. They reflect the  sun's radiation into a focal zone 
approximately 5 m in front of the plane of the concentrator and give a concentration 
ratio on the  order of 200. The thermal power collected by this system is approximately 
50 kW. 

3.4 CONCLUSIONS AND RECOMMENDATIONS FOR DISTRIBUTED, 
CONCENTRATJNG COLLECTOR TEST FACILITIES 

Several facilities (NASAILewis, NBS, Brookhaven, NASAILangley, and LBL) presently 
have no capabilities for testing concentrating collectors. Some (DSET, Argonne, F t. 
Hood, and Sandia CMTF) can test  individual collector modules but can perform no system 
studies. Although any existing facility could in principle be upgraded t o  handle 
concentrating collectors at high temperatures or system studies, substantial effort  such 
as adding storage and replacing piping t o  handle higher pressures would be required. 
Most existing facilities a re  being used extensively in support of existing DOE programs; 
upgrading them t o  handle process heat studies does not seem t o  be economically 
attractive. 

Only the Marshall test facility is currently underutilized. It  was designed for flat-plate 
collectors and low-temperature applications for heating and cooling. I t  would require 
substantial money and effort to  add high temperature capabilities and instrumentation 
for 'solar process heat appliaations. 

For the near future the Sandia facility is devoted to the support of the solar total  energy 
program. Although i t  could be converted t o  process heat development, the present 



MSSTF would need modification to simulate a variety of industrial load applications that 
require high pressure water storage and the use of steam or high pressure water for heat 
transfer from the collector field. 

None of the existing facilities is equipped to simulate a wide variety of process heat 
applications and to educate the industriallcom m ercial sector by providing "hands-on" 
experience appropriate to their applications. In light of industry's reluctance to invest in 
untested or unproven technologies, access to appropriate facilities would seem to be 
essential if an ambitious DOE plan to utilize the solar resource for process heat 
applications is to succeed. In addition, none of the existing facilities is adequate for 
doing basic research in heat transfer and storage technologies on a modest scale or for 
testing high performance receivers and systems suitable for commercial tasks in high 
temperature thermal conversion (300' C), 

The capabilities of existing and planned facilities in meeting the needs of a distributed 
collector program are summarized in Fig. 3-1. 

From data on existing facilities ~ n d  from the mticipated needs for various facilities, the 
following specific recommendations are made. 

Sandia Continue present program in total energy system 
development and 'short-term collector testing at  
temperatures below 300' C. 

JPL 

SE RI 

ATUIFt. Hood 

General Atomic- 

Argonne 
Univ. of Chicago 

NASAIMars hall 
NASAILangley 
NASA/Lewis 
NBS 
Brookhaven 

Establish SPS (point focus) test site. 

Use STDF point focus dishes for high temperature 
(T>300°C) and advanced solar energy research; install 
STAM test loops for standards research; establish 
SERAPH facility for research into solar process heat 
applications. 

Due to change to small central receiver design, the test 
loop is no longer needed. Support should be stopped and 
loop disassembled or moved. 

Test loop is unique and should continue to be supported 
in the near future. However, consideration should also 
be given to relocating it at a national laboratory. 

Continue iow level support. 

Should not be upgraded to handle concentrating 
collectors 
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Figure 3-1. Capability of Existing or Planned Facilities 
in Meeting Objectives 





SECTION 4.0 

CENTRAL RECEIVERS 

A central receiver system has a large number of separate mirrors (heliostats), each 
controlled separately to reflect an image of the sun onto a fixed thermal converter or 
receiver. The heliostats, can be controlled individually by analog or computer tracking 
mechanisms, or they can be ganged together for control by a common mechanism. The 
fixed receiver is usually located on a tall tower. 

The central receiver system can be an alternative to distributed systems for producing 
solar thermal energy. It is attractive where further conversion to shaft power can 
benefit from higher temperatures and greater cycle efficiencies. Central receivers may 
also be necessary to provide high temperatures for certain industrial processes or to 
produce hydrogen for secondary fuels. Early studies indicated that the optical 
transmission of energy to a single receiver is more economical than thermal transmission 
by a working fluid as in distributed receivers [ 2a .  Furthermore, economies of scale 
should be realized in plants to the 10- to 100-MW electrical size. For these reasons DOE 
has an active program to demonstrate the technical feasibility of central receiver 

. systems. 3 
8 e:. 

4.1 PRFSENT PROGRAM AND PERCEIVED TPST NEEDS 

A present DOE 'program objective for central receivers [261 is to establish their 
economic viability as a resource for electric utilities by the ,mid 1980s. To accomplish 
this there is a near-term effort to demonstrate storage-coupled central receiver 
systems. A 10-MW electrical generating plant is to be operational by 198 1 at  Barstow, 
Calif; the plant will feed power into the utility grid of the Los Angeles area. Other 
.major directions of the program are to supply heat for tertiary oil recovery and to 
repower existing fossil-fueled generating plants by supplementing their conventional 
boilers with heliostat fields and tower receivers. The first of these llsolar-fossil hybrids" 
may begin operating in 1983. 

Although the technologies are available to accomplish these goals, their economics have 
not been demonstrated. In fact, modification of the systems to lower the cost will 
probably include new or modified technologies requiring substantial testing. Examples 
are the low-cost heliostat development program, high-temperature Brayton cycle 
engines, and accompanying ceramic receivers. 

More recently, an interest has emerged in applying central receiver concepts to 
industrial and process heat for fuels and chemical production. Many of the technologies 
for commercializing this application, from basic concepts to pilot plant, need substantial 
development and testing. 

Clearly, if DOE is to accomplish its goals, facilities to test and verify technology are 
necessary. The specific test needs for the central receiver projects are listed in 
Table 4-L They are somewhat different from those listed in Table ,3-1 for distributed 
concentrating collectors, emphasizing research and development testing instead of 
standardization. 



Table 4-1, TEST NEEDS FOR CENTRAL RECEIVER SYSTEMS 

Test and document performance of systems, subsystems, and components in 
order to  develop and verify technologies. 

Identify problems and areas for improvement in which the industrial sector 
could participate and which would speed commercialization of technologies. 

Accumulate data on the reliability, lifetime, and life-cycle costs of systems 
and subsystems. This may involve accelerated degradation techniques. 

Stimulate solar utilization by providing a working facility with which industry 
can identify, and which they can inspect, in order to aid in planning and 
deci~ion making for  their potential inst~Jb.I:inr?s, 

Be available for developing appropriate test procedures for subsy6tems and 
systems. However, except for heliostat production, i t  is fel t  that many 
installations will be designed to match specific applications, and no single 
standardized test procedure would be applicable. 

As a result of the limited number and large size of the proposed central receiver 
installations, only one or two expensive test facilities can be justified. The cost of such 
facilities is substantially greater than the industrial sector can or will support. It  is also 
clear that  because of the high cost of such facilities, considerable testing of components, 
system operation, and lifetimes will continue to take place a t  the large experimental and 
prototype installations. For some time, successive generations of central receiver 
systems will be modified and impmved because of ohangefi dictated by previous user 
experience, in a manner similar to the historical development of fossil-fueled plants. 

4.2 PRBENTLY AVAILABLE FACILITIES 

Several facilities now in operation either have been designed for testing central receiver 
systems, subsystems, or components or could be used for such tests. They are the 5-MW 
Central Receiver Test Facility (CRTF) at Sandia Laboratories in Albuquerque, N.Mex.; 
the  1-MW Centre National de la Recherche Scientifique(CNRS) solar furnace.at Odiello, 
France; the 400-kW Advanced Components Test Facility (ACTF) a t  Georgia Institute of 
Technology in Atlanta, Ga.; and five smaller furnaces in the  25-45 kW range in the 
United States, Japan, France and North Africa. In addition, there is a 400-kW facility 
utilizing a 25-m diameter surplus radar antenna in t h e  design stage at the White Sands 
Missile Range. Several radiant heat .flux facilities built for aerospace programs could 
also be  used for testing receiver components. They are described in detail in Appendix 
C. The details of the CNRS furnace and the White Sands 35-kW furnace a re  also included 
in Appendix C. Specifications of the facilities are  given in the' table of Appendix B and 
supplement the descripti'on given here. 

57M W Central Receiver Test Facility (CRTF), located at Sandia Laboratories in - -t - 
Albuquerque, N.Mex., is the largest facility presently available for testing central 
receiver components and subsystems. It is suitable for testing scale models of receivers 
for  the larger demonstration pilot plants, for '.commercial installations, and for advanced 
gas or liquid-metal cooled receivers. It is also testing succeeding generations of 



heliostats and instrumentation systems for use with future solar thermal plants. During 
many of the tests, the facility will be used to train engineers and technical personnel to 
operate future com m ercial plants. 

The CRTF energy collection field presently has 222 heliostats that may be located in 
either a northern field or in an annular distribution around the tower. Under ideal 
conditions they can deliver approximately 2.4 M W / ~ '  target irradiance and temperatures 
over 2,000°C. Each heliostat has an area of approximately 40 m 2  and is controlled 
individually by a master computer system. This allows considerable flexibility in 
controlling target irradiance and heliostat stowage. 

The CRTF receiver tower rises 6 1 m above ground and is approximately 15 m in 
diameter. Experiments can be located in test bays at the 36.6 m, 42.7 m, and 48.8 m 
levels or on top of the tower. Elevators and hoists can lift up to five tons up the outside 
of the tower, or 100 tons can be raised by a lifting module inside the tower. Utility 
chases up the sides of the tower contain feed water pipes, high pressure steam lines, 
compressed gas lines, and electrical power lines for servicing the thermal and electrical 
power loads of the imagined experiments. A heat rejection system capable of dissipating 
the energy collected by receiver experiments is located on the ground at the base of the 
tower. A nominal 1-MW thermal working receiver containing 81 heat flux gauges is part 
of the CRTF and is available for diagnostic and experimental work. In addition, a real- 
time aperture scanning flux system is available for generating highly accurate flux maps 
during receiver testing. 

The CRTF uses a multicomputer, distributed control system to control the heliostats, 
heat rejection, water treatment, and other functions. The computers used to record and 
analyze data, control the heliostat field, transmit data from the test bay, and collect 
data at the meteorological stations are all connected in a master network. An integral 
part of this computer-based master control system is an extensive data acquisition 
capability. This allows flexibility of operation and will handle over 500 channels of 
thermocouples and strain gauges.Also available is the Helios computer program that 
models the optical performance of the CRTF. Verifying this model with data from CRTF 
experiments has enabled performance of central receiver systems to be predicted more 
accurately at a variety of geographical locations. 

Potential users of this facility should obtain a copy of the user's manual [21 (SAND-77- 
1173) from the Solar Thermal Test Facility Users' Association, Suite 1204, First National 
Bank Building, East Albuquerque, N. Mex. 87108. The manual contains detailed 
descriptions of the facility components and gives administrative and procedural 
guidelines for experiments. 

As of October 1978, the CRTF was fully operable. The first test on an experimental 
receiver has been completed. 

400-kW Advanced Components - Test Facility. This is a tracking heliostat/central 
collectm design patterned after Prof e s s ~ r  Giovanni Francials solar steam generating 
facility located near Genoa, Italy. Operated by Georgia Institute of Technology's 
Engineering Experiment Station for DOE, the facility is located on the campus of 
Georgia Institute of Technology in downtown Atlanta, Ga. It is a relatively flexible test 
facility with the primary p&pose of encouraging research and development in high 
temperature solar technology. It is well-suited for testing central receiver components 
such as boilers or air and liquid heaters, high temperature materials or chemical reaction 
systems, and high flux photovoltaic conversion systems and will be useful in educating 
test engineers in the operation of small central receiver systems. 



The heliostat field consists of a large number (550) of 1.1-m diameter mirrors, each 
focused to give an image of the sun at the receiver and driven in unison by mechanical 
linkages to a master electric clockwork drive mechanism. The mirror field is in the 
shape of an octagon approximately 38 m across and centered below the receiver. The 
focal zone is 21.3 m above the mirror plane and has a rim angle of approximately 45O. 
The original articulated tower supporting the receiver has been replaced by a stronger 
and more versatile rigid test stand with a 4 m'by 4 m work platform that can support a 
9.1-ton test abject. Major test components are lifted into place by a mobile crane, while 
access to the top of the platform is provided by a permanent work hoist. The utilities 
available at. the work platform include a 5-cm water line with gravity drain, 110 VAC- 
100 amp single-phase and 208 VAC-150 amp three-phase electrical service, 620 kPa 
com pressed air service, and a flexible conduit system for user instrumentation wiring. 

A computerized data acquisition system is available at the facility to record, reduce, and 
display data. The system has two 16,000-word minicomputers with peripherals and a 
multiplex analog to digital converter. One of the computers is located on the work 
platform .of the test tower as an interface to the 120-channel multiplexer system 
expandable to 1,024 channels, which transmits data to the second computer located in 
the control building on the ground and serves as master controller for the system. A 
programmable gain amplifier enables each input channel to service a wide range of 
sensitivities and transducers. Signal conditioning equipment presently available at the 
facility includes (1) a thermocouple cold junction reference with as many as 52 channels 
of any type of thermocouple; and (2) 40 channels of strain gauge bridge completion 
circuitry. Standard flow rate, pressure, and fluid level transducers can be accommodated 
without additional signal conditioning. A scanning flux calorimeter is also available to 
measure flux levels and integrated power at the entrance aperture of a receiver or other 
test object. A heat rejection and feed water circulation system that includes condenser, 
feed water pump, desuperheater, vacuum pump, and valves is located on the ground at 
the edge of the heliostat field. A 550-kW water-to-air cooling tower is also available at 
the site. 

A potential user should obtain a copy of the Users' ManualIManagement Plan (281 which 
also includes sections on test scheduling and facility policies and procedures. The manual 
should be available from either Georgia Institute of Technology or the Sonar Test Tower 
Facility (STTF) Usersf Association. 

35-kW White Sands Solar Furnace. The White Sands furnace was originally built in 1958 ---- 
at  Natick, Mass., for the Quartermaster Research and Engineering Center. It was - 
relocated to the White Sands Missile Range in New Mexico in 1973. It is similar to the 
larger Odiello furnace in design, except that it utilizes only one 137-m2 heliostat and a 
fixed spherical concentrator with a focal length of approximately 11 m. The rays are 
focused into a test chamber that is approximately 2.5 m by 2.5 m in cross section normal 
to the optical axis and 5 m in length. The i age size is approximately 12 cm in diameter 5' with a peak irradiance of some 400-W/cm near the center. The facility has a beam 
attenuator for varying sample irradiance and a water-cooled fast shutter for shaping 
exposure pulses. An ongoing effort is being made to upgrade the facility by refurbishing 
mirror facets and adding more instrumentation and an instrument trailer below the test 
chamber. 

Although this furnace is of limited utility for testing central receiver components and 
subsystems because of the small solar image, it is useful for testing materials that might 
be incorporated into them and for studying solar chemical processes that show economic 
potential, In addition to Appendix C, a source of information for potential users is the 



STTF Users' Association and the Experimenter's Guide for the White Sands Solar Facility 
[291. 

350-kW --- White Sands Solar Furnace. presently in the planning stage is the conversion of a 
surplus 25-m diameter radar antenna located on the White Sands Missile Range into a 
tracking point-focus solar furnace [30]. A Cassegrain optical system will be used to  
produce an image approximately 30 cm in diameter.near the vertex of the dish. Under 
consideration is the possibility of using a compound parabolic concentrator as  a 
reconcentrator element to provide more uniform irradiance over the exposure area. The 
test chamber a t  the vertex of the dish is approximately 20 m above ground level. Water, 
electric, and high pressure air lines will be provided to the test area. A water-cooled 
stop and fast shutter are also planned. A minicomputer control and data logging system 
with some 40 input channels will support the installation. The project is being supported 
by several government agencies including the Department of Defense and the 
Department of Energy and is expected to be in operation during early 198 1. 

Several solar furnaces located outside of the United States a re  potentially usable for 
solar thermal conversion research. Seven of them are discussed briefly here and a re  
included in the table of Appendix B. 

1-MW CNRS Solar  urna ace. This solar furnace is located in the Pyrenees Mountains at --- 
Odiello-Font Romeu, France. It was established by the CNRS, began operation in 1970, 
and has seen considerable use in'high temperature material studies and metallurgy of 
refractory metals and compounds [31]. It was also used recently to test a 1-MW cavity- 
type thermal receiver for the U.S. Department of Energy under a subcontract to  Georgia 
Institute of Technology [23, p. 253-4. It has a field of 63 heliostats, each 45 m2, that  
a re  installed on a sloping southern exposure. The heliostats a re  controlled by a servoed 
tracking system to reflect energy from the sun horizontally into a large 2,000-m 
paraboloid with an 18-m focal length. The rays c nverge to  a focus that  is about 20 cm in 8 diameter and has a peak irradiance of 1.6 kW/cm . Further data on this facility are  given 
in Appendix C. However, l i t t le information was available on instrumentation and data 
handling capabilities a t  the site. Potential users of the CNRS furnace should contact the 
STTF Users' Association, noted previously, for details. It  is expected that an 
experimenter's guidebook will be available in the future. 

45-kW CNRS Montlouis Furnace. This was the first large solar furnace built. -- 
Constructed a t  Montlouis in the French Pyrenees in 1950 by Professor F. Trombe [321, i t  
is essentially identical to the White Sands 35-kW furnace. It  has a single steerable 
heliostat to direct the sun's rays along an axis horizontal to a ixed parabolic l concentrator. The furnace provides a peak irradiance of 1.2 kW/cm and maximum 
temperature in excess of 3,000°C. The success of this furnace led to i ts  use as a 
prototype for three other single heliostat furnaces built over the next 20 years, including 
the one a t  White Sands. It  also served as a model for the larger 1-MW CNRS furnace at 
Odiello. The furnace is being moved to a new location outside the military complex and 
is expected to resume operation in late  1979. 

45-kW French Army Furnace. In 1972 the French Army began operating a 45-kW thermal 
solar furnace a t  Odiello, only a few hundred metres from the 1-MW CNRS solar furnace 
[33]. It was designed on the  same principle a s  the Montlouis furnace and has been used 
mainly by the French Army for nuclear thermal ef fec t  studies. Its significant features 
include t h e  use of first-surface aluminized mirrors on the spherical concentrator and the 
largest single plane heliostat in use. 



35-kW Sendai Solar Furnace. The Tohoku University at Sendai, Japan, also has a solar 
f u r n a c e w c o n s t r u c t e d  on the principles of the furnace a t  Montlouis. However, the 
mirrors on both t h e  heliostat -and t h e  paraboloid concentrator a r e  front-surface 
aluminized glass, and the heliostat is composed of f la t  mirrors in a stair-step 
arrangement. The aluminized f i r s t sur face  mirrors a r e  protected by a unique thin vinyl 
coating that apparently does not attenuate the ultraviolet portion of the solar terrestrial  
spectrum. 

25-kW Bouzareah Tracking Paraboloid Furnace. At  the same t ime the Montlouis furnace 
was being: established, t h e  O r ~ a n i s m e  National de  la  Recherche Scientific (ONRS) was 
developing a solar furnace a i  Bouzareah, Algeria. It consists of an electropolished 
aluminum paraboloidal dish with a diameter of 8.14 m and focal length of 3.14 m. The 
power originally provided by this facility was estimated as about 25 kW. However, over 
t h e  15 years of operation t h e  mirror reflectivity and solar image have degraded 
somewhat. 

Two foreign installations might be classified more correctly as experimental thermal 
conversion systems rather than solar furnaces. Although their primary use is in testing a 
particular system concept for concentrating solar energy for thermal power applications, 
they  could also b e  used for  testing certain types of receivers or components. 

100-kW Francia Demonstration - Unit. This unit, built in 1967 at St. Ilario, Italy, by 
Professor Giovanni Francia of t h e  University of Genoa [351, served as a model for the  
recently completed Georgia Institute of Technology ACTF. The facility uses 271 f la t  
mirrors, 1 m in diametey, and a receiver 9 m ~lbove  the  center  of the  field. With a direct 

2 insolation of 0.9 kW/m , this facility prod~l(?ed l!in kg of steam per hour at 150 
atmospheres and 500°c, for an overall efficiency of 70%. 

40-kW Mitsubishi Demonstration. The second installation tha t  is of similar design is the 
tower system constructed during 1976 by Mitsubishi Heavy Industries, Ltd., at the  
Hiroshima Technical Institu e, Hiroshima, Japan 1361. The facility has 88 heliostats with 
a total  mirror area of 97 m', a 15-m test tower, a test receiver, and thermal loop. The 
heliostats operate on the same principle as the kinematic motion device developed by 
Professor Francia. Data obtained with this receiver predict a thermal efficiency of 7896, 
with a surface temperature of 300°C and an output of approximately 40 I<W of thermal 
power. Based on the  40-kW f cility, Japan is designing a 1-MW electrical pilot plant 3 using 850 heliastats (each 16 m ) with a s team receiver at the top of a 68-117 tower that  
is scheduled to  begin operation in November 1980. 

There are several additional furnaces in Europe and Russia tha t  a r e  either in the planning 
stages or for  which little data  were available at the  t ime of this writing. In France a 
2.7-MWe central receiver facility is planned at Targasonne, about 10 km west of 
Odeillo. It  is anticipated tha t  t he  facility will be finished in 1981 and will be used for 
tes t ing system components. Spain is planning to  have three installations near Almeria. 
One is a I-MW, central  receiver funded by t h e  European community and involving many 
of the same  deagn team as at Targasonne. The second is a 500-kWe facility funded and 
planned by t h e  IEA. I t  has been reported tha t  the  third facility near Almeria is being 
planned by the Spanish government. The Italians a r e  planning a I-MW concentrator to 
b e  built on Sicily. Finally, Russian facilities a r e  known t o  exist in E r i m e a  and near 
Tashkent. Again no details were available. 

Solar Simulators and Radiant Heat Facilities. In closing this section, mention should be 
made of six radianfh-im and six solar simulators identified by the  Aerospace 



Corporation [l] as having potential for testing components for the solar thermal 
program. Since the names and the details are available in that report, attached as 
Appendix C, only .general comments are appropriate here. These facilities are all 
electrically powered and, except for one solar simulator requiring 140 kW, they require 
23- to 74-MW electrical power for operation. In general, the simulators can be focused 
to provide effective concentration ratios from 1 to over 1000 for varying test areas. The 
flux 1 vels available in the radiant heat facili ies are reported to be greater than 100 5 1 W/cm from quartz lamps and over 400 W/cm from graphite radiant heaters in two of 
the installations. Test areas as large as 3 m by 3 m and as high as 5 m, depending on the 
facility, can be 'obtained. The major drawbacks of these facilities for testing solar 
thermal systems components are threefold. First, their size and finite source-to- 
collector distance make them inappropriate for testing concentrators or heliostat optical 
performance. Second, the spectral content of the source does not match that of the 
solar spectrum, especially for the radiant heat facilities, which have large amounts of 
'infrared power with very little power in the visible wavelengths. Finally, the large 
electrical power requirements make them inappropriate for steady-state tests or 
degradation studies, which require operation over extended periods. However, there are 
undoubtedly tests for which these facilities could be utilized, and thus they should be 
kept in mind by the solar thermal research community. 

4.3 CONCLUSIONS AND RECOMMENDATIONS FOR CENTRAL TEST FACILITIES 

The existing and planned solar furnaces and test facilities cover a wide range of designs 
and sizes. This diverse set of facilities appears to meet the present and planned needs of 
the DOE Solar Central Receiver Program. Unless the volume of testing becomes too 
heavy in the future and a clear need develops, the construction of any additional 
facilities in this class should be avoided. Since nothing short of large solar furnaces can 
duplicate the thermal and spectral energy needed to demonstrate the feasibility of 
receiver subsystems, the radiant heat facilities and solar simulators previously 
constructed by the aerospace industry appear to be of limited utility for this purpose. 

Several solar furnaces in Europe, northern Africa, and Japan offer the possibility of 
international cooperation in solar thermal research and a greater opportunity for 
subsystem and component tests by experimenters. The Solar Thermal Test Facility 
Users' Association [37] provides a central contact for anyone proposing to use these large 
test facilities for experimental work. The association provides a necessary coordination 
function, which includes helping the experimenter determine which facility is appropriate 
for the test; providing additional. literature and documentation on. the facilities; and 
assisting in pretest administration and procedural matters. Presently the association also 
has a limited amount of funding available for implementing experiments. 
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APPENDIX A 

A.l DATA SHEBTS FOR SURVEY OF SOLAR THERMAL TEST PACILITIIB 
DISTRIBUTED CONCENTRATING COLLECTORS 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Solar Engineering Test Module 
Location: American Technological University, Kileen, Texas 

PURPOSE 

Testing concentrating collectors in support of the ATUIFort Hood Solar Total Energy 
Military Large-Scale Experiment (LSE No. 1) 

CAPABILITIES AND DESCRIPTION 

A. COUCC~OPS 
1.' Types - Varies; concentrators , 
2. Numbers and Size - Varies; concentrators 

2 3. Total Area - 40 m aperture maximum 
4. Mounting Structures - None; pad available 

B. Heat Management 
1. Temperature Range - 280' C 
2. Pressure Range - 7.2MPa 
3. Working Fluids - Water 
4.. Flow Rates  - 0.1-0.5 11s 
5. Load Applications - None 
6. Supplementary Sources - Resistance preheater at collector inlet 

C. Storage - None presently; may be  added at a later  da te  

D. Data Acquisition and Management 
1. Computer - Acurex Autodata Nine 
2. Data  Channels (analogldigital) - 40 (higitized) 
3. Sample R a t e  - Capabilities up t o  10 secldata  set 
4. Transducers - Thermocouples and RTD1s, Turbine flowmeters 
5. Accuracy - Temperature f 0.3' C, Flow f 0.1% 
6. Meteorological - NIP, 30' clear pyranometer, windspeed and direction 
7. Storage - Printed tape 
8. On-Line Fluid Analysis - No 

E. System Control 
1. Type - Manual or auto (Acurex uni t )  
2, Operator Qualification - Not known 
3. Human Engineering - Manual or auto control 

USES 

Presently not being used and is no longer applicable to  the revised Fort Hood System 
Design. 

NOTES 

Contact: Bob French, (817) 526-1168 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Argonne Solar Energy Test Facility 
Location:. Argonne National Laboratories, Argonne, IL . 

PURPOSE 

Characterize performance of stationary or seasonally adjusted nonimaging concentrating 
collector modules 

CAPABILITIES AND DESCRIPTION 

A. Collec'lors 
1. Types - Various non ocusing concentrators d 2. Total Area - 20 m each loop 
3. Mounting Structures - 2 aluminum alt-azimuth mounts,.3 adjustable steel 

frames, and 4 aluminum frames fixed a t  latitude 

B. Heat Management (Three portable and one fixed loops) 
1. Temperature Range: Ambient - 2 6 0 ' ~  
2. Pressure Range:--800 kPa; 
3. Working Fluids: Water, ethylene glycol, T66 
4. Flow Rates:--0.1 11s 
5. Load Applications - discharge to heat exchanger 
6. Supplementary Sources - Emersion heater to  control inlet temperatures 

C. Storage - None 

l3. Data Acquisition and Management 
1. Computer - Data General Nova with Camac interface and Doric 100 pt. 

data logger 
2. Data Channels (analog/digital) - 50 channels each Camac module 
3. Sample Rate  - Up t o  201s 
4. Transducers - Thermocouples: 5 in temperature mode, 1 in reference 

mode 
5. Accuracy-O.l°C 
6. Meteorological - Standard met. station a t  Argonne plus Epply PSP, NIP, 

and 8-48; California Meas. active cavity radiometer, and wind speed 
7. Storage - Magnetic tape and diskettes 
8. On-Line Fluid Analysis - No 

E. System Control 
1. Type - Monitor inlet temperature and manually throttle flow rates 
2. Operator Qualification - Technician 
3. Human Engineering - Not applicable 

USES - 
A. Present Use - Sporadic since October 1977 
B. Projected or Proposed - Continue tests of nonfocusing concentrators 
C. Availability - Available to other labs on a cooperative basis provided they 

supply resources and manpower 

NOTE 

Contact Kent Reed, (312) 992-6234 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Low Technology Collector Test Facility 
Location: Brookhaven National Laboratories, Upton, New York 

PURPOSE 

Identify and test very low cost, low temperature collectors for assisting heat  pumps 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
1. Types - Generally flat-plate . C) 

2. Numbers and s ize - 6-10 units, 10 mu each 
2 .3. Total Area - 100 m maximum but can test  only 1 unit a t  any one t ime 

B. Heat Management 
1. Temperature Range - Low temperature lo0-20' c 
2. Pressure Range - Near ambient 
3. WorkingFluids-Air 

3 * .  4. Flow Rates  - 2.5 mls, 1 m Is 
5. Load Applications - Eventually will have heat pump 
6. Supplementary Spurces - None 

C. Storage - None presently 

D. Data Acquisition and Management 
i.. . . 1. Computer - None 

2. Data Channels (analogldigital) - By hand' with supporting chart  recorders 
. ,3. .Sample , R ~ t e  - Continuous record on chart  readouts 

4. Transducers - Temperature thermopile; Flowra te, 'pi tot tubes 
. 5 .  Accuracy - 2% 
6. Meteorological - Use Brookhaven's station 
7. Storage - None 
8. On-Line Fluid Analysis - None 

E. System Control 
1. Type-Manual  
2. Operator Qualification - Unknown 
3. Human Engineering - Many individual controls 

USES 

A. Present use - One tr ia l  panel has been run 
B. Projected or Proposed - Continued testing of low temperature collectors 
C. Availability 

1. For .facility-run experiments-Perhaps available for other government 
program experiments 

2. For experimenter-run experiments - Probably none 
3. For operator training - Not appropriate 

NOTES 

Contact: Gary Cottingham, Brookhaven, FTS 666-4610 , .. ... 



FACILlTY SURVEY DATA SHEET: Distributed Systems 

Name: DSET Laboratories, Inc. 
Location: Box 1850, Black Canyon Stage, Phoenix, AZ 

PURPOSE 

Performance durability and reliability testing of materials and solar collectors. 

CAPAI3ILITIES AND DESCRIPTION . 

A. Collectors 
1. All types of flat-plate and most concentrating designs 
2. Numbers - 6 water loop? 2 air loops, 2 alternate fluid loops 
3. Total Area - 20 to 30 m 
4. Mounting Structures - alt-azimuth, fixed angle also available 

B. Heat Management 
1. Temperature Range (Inlet) - Water - 180° C; Air - 10-cm pipe at 105OC, 

and 20-m pipe a t  205OC; alternate fluid - 230°C 
2. Pressure Range - 1 MPa for air  and water, 400 kPa for alternate fluids 
3. Working Fluids - Water, air, various heat transfer fluids 
4. Flow Rates. - Water - to  40 ~l,/min* Alternate Fluid - to 80,l,/min; Air - 3 4 m3/min a t  10-m duct and 34 m /min with 20-cm duct 
5. Load Applications - Heat exchanger using evaporative cooler 
6. Supplementary Sources - Heater to control inlet temperature 

C. Storage - Thermal storage on request 

D. Data Acquisition and Management 
1. Computer - Data General Nova 3D with plotter 
2. Data Channels (analog/digital) - 4 Esterline Angus Data Loggers (A/D 

included) 
. 3. Sample Rate - Maximum all channels each 15 sec 

4. Transducers - Thermocouples, flowmeters, RTDs 
5. Accuracy - ASHRAE standards 
6. Meteorological - 10 Eppley Precision Pyranometers; 3 Normal Incident 

and 1 Absolute Cavity Pyrheliometers; 2 Eppley UV and 1 Spectral 
Radiometers 

7. Storage - Hand copy report, Floppy disk 

E. System Control 
1. Open and closed loops with manual controls operated by technician 
2. Tracking controls use balanced cell output technique 

USES 

A. Present Use Factor - 100% of clear days for component evaluation, long-term 
operational testing, and R&D 

B. Projected or Proposed - Continue commercial testing of collectors and 
expanded use for integrated systems testing and test method development 

C. Available for collector testing as schedules permit 

NOTES 

Contact: M. W. Rupp, (602) 465-7356 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Molten Salt T e s t  Loop 
Location: General  Atomic Co., San Diego, CA 

PURPOSE 

T e s t  molten sa l t s  as h e a t  t r ans fe r  fluid in high t empera tu re  solar collector 

CAPABILITIES AND DESCRIPTION 

A. Col lectors  
1. Types  - General  Atomlcls Fixed IVlimOr SOly Concentra tor  (FMSC) 
2. Numbers and size - 6 FMSC modules - 9 m each  
3. Tota l  Area - 51 m2 

B. Hea t  Management 
1. TemperatureRange-Upto600"~  
2. Pressure Range - Max 160 kPa  
3. Working Fluids - 680 kg of ~ i t e c ~ ~  salt 
4. Flow R a t e s  -- 1 11s 
5; Load Applications - None - dissipated t o  atmosphere 
6. Supplementary Sources - Tank has 48 kWe heater ,  fluid lines have t r a c e  

hea te r s  with 15 kW t o t a l  capaci ty  t o  prevent salt f r e e z e  up 
C. S t o r ~ g e  - Single tank witgout thermocline; has N2 blanket 

D. Da ta  Acquisition and Management 
1. Computer  - None 
2. . D a t a  Channels (analog); Di@tal readouts - Multichannel s t r ip  char t  

recorders  clsn b e  added 
3. Sample  R a t e  - Continuous 
4. Transducers - Thermocouples and resistance thermometers;  orif ice flow 

m e t e r  
5. Accuracy - Uncertain 
6. Meteorological - Pyranometer,  Pyrheliometer 
7. Storage  - Chart  paper 
8. On-Line Fluid Analysis - None; could e x t r a c t  samples  ou t  of tank 

E. System Control  
1. T y p e -  Automat ic  tracking, flow rate controlled by tempera tu re  set on 

output  
2. Operator  Qualification - Research installation requiring technical  

background and training on system 

USES 

A. Present  Use: Full-time project  support 
B. Projected Use: A f t e r  July  1979 available for  o ther  experiments on t i m e  and 

mater ia l  basis 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Point Focusing Solar Thermal Test  S i t e  
Location: J P L  Edwards Tes t  Station,  Edwards Air Force  Base, California 

PURPOSE 

System and subsystem test and evaluation of industry developed point focusing solar 
concentrators,  thermal  receivers, and power conver ters  as p a r t  of a planned program for  
solar energy research and development 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
1. Types - Point focus, 'sun t racking 
2. Numbers and s ize  - 6-m diameter: 1 dish; 11-m diameter:  2 dishes under 

construction, 6 dishe planned 
3. Tota l  Area - 11 00 m f 
4. Mounting Structures  - Footing on concre te  pads 

B. Hea t  Management 
1. Temperature  Range - 3 1 5 ' ~  
2. Pressure Range  - 8.6 MPa (steam); 0.31 MPa (air) 
3. Working Fluids - Steam or a i r  

. . 4. Flow R a t e s  - 0.5-2 kg/hr/kWt (steam); 2 g/s/kWth (air) 
5. Load Applications - Water coo ed thermal;  resist ive e lect r ica l  
6. Supplementary Sources - TBD 

9 
C. Storage - TBD 

D. Da ta  Acquisition and Management 
1. Computer - PDP-11/10, PDP-1134A, LSI-11 with RT-11 and RSX-11M 

operating systems 
2. Da ta  Channels (analogldigital) - 600 (3 Autodata-Nine loggers and 

miscellaneous inputloutput circuits) 
3. Sample R a t e  - 10 secldigi ta l  channel (16 bits); 40 msec/analog-channel 
4, Transducers - TC, RTD, flow, etc. 
5. Accuracy - 1% - 5% 
6. Meteorological - Insolation, temperature ,  wind and direction, humidity, 

barometr ic  pressure 
7. Storage - Magnetic t a p e  
8. On-Line Fluid Analysis - TBD 

E. System Control  
1. Type - Automated with manual override 
2. Operator  Qualification - In-house training 

USES 

- A. Present  Use - Test ing s ta r t ed  in FY79 
B. Projected o r  Proposed - Short-term experiments and long-term trend analyses 
C. Available for facility-run point-focusing, high t empera tu re  systems 

experiments,  and operator training 

NOTES 

C n n t ~ c t :  narrelJ L. R w 9  (213) 354-4321 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Experimental Solar Controls Test Facility 
Location: Lawrence Berkeley Labs, Berkeley, CA 

PURPOSE 

(1) Develop .computer control strategies and programs (ROMS) for heatinglcooling 
systems; (2) Test absorption cooling unit based on low temperature NH3 cycle 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
I. 'l'ype~ - b'1Rt-plnte 
2. Numbers and s ize - 20 units - PPG ' 
3. Total Area - 30 m2 
4. Mounting Structures - Mounted on Roof n t  45" 

B. Heat Management 
1. Temperature Range - 90" C limit 
2. Pressure Range - 200 kPa 
3. WorkingFluids-WaterwithNelcocorrosionsuppressant 
4. Flow Ra te s  - Heating loop 1 lls, load loop 1.5 11s 
5. Load Applications - Heat exchanger liquid to  air  and simulator 
6. Supplementary Sources - Gas boiler 

D. Data Acquisition and Management 
1. Computer - HP 9825 A 
2. Data Channels (analog/digital) - Doric Data Logger 99 channel with 

printer - Interfaced t o  HP9825A 
3. Sample Ra te  - 1 secldata  point 
4. ~ r a h d u c e r s  - T.C. and solid sensors (NS LX-57UUj 
5. Accuracy - Heat balance to  6% 
6. Meteorological - DOE Load and Weather Tape 
7. Storage - Print out, Tape, Cartridge or Floppy Disk 
8. On-Line Fluid Analysis - None; occasionally extract  fluid for tes ts  

E. System Control 
1. Type - PROM onloff actuators 
2. Operator Qualification - Unknown 

USES 

A. Present Use - 100% for in-house programs 
B. Projected or Proposed - Continued use for above programs 
C. . Availability 

1. For experimenter-run experiments-Collector testing, heat exchangers, 
etc.; could be run by other labs together with LBL technicians 

2. For operator training - Not suitable 

NOTES 

Contact: Mashwi Warren, FTS 45 1-6364, Mike Wahlig, 45 1-5787 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Systems Engineering Building 
Location: NASAILangley, Hampton, VA 

PURPOSE 

Used as a collector test bed. Also used t o  hea t  and cool off ice  building using flat-plate 
collectors - driving an absorption chiller 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
1. Types - Flat-Plate and t racking 

2 2. Numbers and s i z e -  13 rows 100 m each,  6 di f ferent  . . manufacturers and 
several  d i f ferent  mo els f 3. Tota l  Area - 1300 m 

4. Mounting Structures  - Remote  from building ' ' 

B. Hea t  Management 
1. Temperature  Range - L 100' C, used .to drive a 180T. LiBr chiller 
2. Pressure Range  - 275 kPa in collectors 
3. Working Fluids - Water - t r ea ted  with chromates  

. . . . 
4. Flow R a t e s  -- Variable - Max 1 k i1,Imin 

2 . . 5. Load Applications - 5,000 m off ice  building 
. 6. Supplementary Sources .- Fossil fuel  'back up 

C. Storage - 11 4 kl, highly s t ra t i f ied  and insulated ' 

;; 

D. . Data  Acquisition 'and Management 
1. Computer - Xerox computer 
2. D a t a  Channels (analogldigital) -'150 d a t a  channels 
3. Sample R a t e  - 150 points each see. 
4. Transducers - Thermisters pressure, flow, etc. - PRT for  temperature ,  

turbine, and ultrasonic for flow. . . 

5. Accuracy - (f 0.5OC, f 2% for  flow on major i tems)  
6 .  Meteorological - Horizontal and t i l ted pyranometers 
7. Storage - Data  stored on computer  t ape  at 5 min intervals 
8. 'On-Line Fluid Analysis - Tested monthly as routine maintenance 

, proced~~re  

E. System Control  - 
1. Type - Thermostats and tim'e clock, runs automat ical ly  
2. . .Operator Qualification - Run by duty off icer  
3. Human Engineering - A,pparently good 

USES 

A. Present Use - 100% used for heating and cooling buildin 
B. Projected or  Proposed - (1) Replacement  of 100 m' of Martin-Mari t t n  5 collector with evacuated tubes  is  under construction; (2) Have added 100 m of 

concentra tor  collectors 
C. Availability 

1. For facility-run experiments - Operates  as utility and long-term test bed 
2. For experimenter-run experiment. - Limited capabil i ty 
3. For operator  training - Not available 

NOTES 

Contact:  Mr. Baxter Carr ,  FTS 928-4501, NASAILangley (804) 827-4501 

A-9 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Lewis - Solar Simulator 
Location: NASA/Marshall 

PURPOSE 

Do research on the performance of f la t  plate collectors under various conditions of 
illumination 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
1. Types - Flat-plate 
2. Numbers and s ize - 1 
3. Total Area - 1.22 m by 1.22 m maximum 
4. Mounting Structures - Rotatable for cos dependence 

B. Heat Management 
1. Temperature Range - 20-100' C inlet temperature 
2. Pressure Range - 100 kPa 
3. Working Fluids - Water and ethylene - glycol 
4. Flow Rates  - 4 l/min; wind 3 m/s 
5. Load Applications - dump to  heat exchanger 
6. Supplernentary Sources - Radiation source: 143 tungsten-halogen lamps 

GE Type ELH at 300 W each 

C. Storage - None 

D. Information on Data Acquisition and Management, System Control, and Uses 
were not available or were not applicable. 

NOTES 

"Radiative Transfer and Thermal Control, Progress in Astronautics and Aeronautics," 
Vol. 49, editor - Smith 1976, American Inst. of Aeronautics and Astronautics, New York. 

A. This facility has recently been moved from Lewis Hesearch Center to the 
Marshall Space Flight Center and is being used by the  University of Alabama. 

B. Marshall Space Flight Center also has a larger simulator with a 2.25 m by 
4.5 m test area. It  has 405 GE ENH tungsten-halogon lamps each operated a t  
up to 250 watts. f resnel  lenses in front of the lamps give a collimated beam 
of up to--1 kW/m irradiance. Array can be rotated between 0 and 72' from 
the vertical. Liquid and flow control loops operate up t o  100° C. 

Contact: William A. Broolcsbank, Jr., FTS 872-1248 



FACILITY SURVEY DATA SHEET: Distributed Sys tems  

Name: Marshall Space Flight Center  
Location: Huntsville, Alabama, on Redstone Arsenal 

PURPOSE 

Evaluation of s o l k  energy heating and cooling systems, subsystems, and se lected 
components: solar collectors, thermal  energy s torage equipment, and solar heat ing and  
cooling devices 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
1. Types - Various flat-plates cycled in and o u t  
2. Numbers and s ize  - Variable 

2 3. To ta l  Area - 400 m2 active;  150 m passive 
4.* Mounting Structures  - Fla t  p la te  racks  45O t i l t  angle  

B. H e a t  Management 
.I. Temperature  Range - Air: 15-125OC; Liquid: 1 5 - 1 2 5 ~ ~ ;  Water: 15- 

300°C HT fluids 
2. Pressure Range - T o  1 MPa 
3. Working Fluids - Air, Water, T fluids B 4. Flow R a t e s  - Air: 0.25-2.5 m /s; Liquid: 1-10 11s 
5. Load Applications - Heating, cooling 
6. Supplementary Sources - Simulate  col lect  output  130 kW; cooling load to 

10 tonnes; heating load 35 kW 
C. Storage - Rock: 20 tonnes; Liquid: 40 kl 

D. D a t a  Acquisition and Management 
1. Computer - Old. Being replaced by new D a t a  Acquisition sys tem at each 

test set 
2. Data  Channels (analog/digital) - 950 Analog up t o  computer 
3. Sample R a t e  - Once every min 
4. Transducers - Temperature:  PRT; Pressure: s t r a in  gauges; Liquid 

Flow: turbines; Heaters: w a t t  m e t e r s  
5. Accuracy - ASHRAE 93-77 specification 
6. Meteorological - Pyroheliometer, pyranometer,  wind, temperature ,  etc. 
7. Storage - Computer f i les 
8. On-Line Fluid Analysis - No 

E. System Control  
1. Type - Manual set 
2. Operator Qualification - Special  training required 
3. Human Engineering - Poor 

USES - 
A. Present  Use - L 2 5 % ,  depending on DOE request  
B. Projected o r  Proposed - Plan t o  test collector and components in support  of 

DOE/ERDA Demonstration Program 
C. Availability 

1. For facility-run experiments - 100% 
2. For experimenter-run experiments - None 
3. For operator training - None 

NOTES: Operated by Wyle Labs for NASA; Sources: NASA-Marshall Document SHC- - 

2009, December 1, 1975 and on-site inspection. 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: NBS 
Location: Gaithersburg, Maryland 

PURPOSE . . 

Develop standardization and testing methods, e.g., ASHRAE 93-77 for collectors (Flat 
plate) 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
1. Types - Flat-plates 
2. Numbers and s ize - 2 loops for single (3 m2 each) f la t  plates; 3 loops or 5 4 collcct aidc by oidc y i th  individual flow through each collector (10 m 1; 

1 loop a i r  collect (6 m ) 

B. Heat Management , .  
1, Temperature Range - Water t o  1 0 0 ' ~ ;  Air, 70 -80 '~  exit temperature 
2. Pressure Range - Near ambient 
3. Working Fluids - Water, a i r  
4. F1 w Ra te s  - 60 mlls single loop; 240 ml/s 4 collector loop; up t o  0.5 f m IS 
5. Load Applications - None, dump heat 
6. Supplementary Sources - Resistance heater. t o  control inlet temperature 

3 C: 'Storage - One 2.5 x 2.5 x 2.5 m pebble bed for an a i r  loop 

D. Data Acquisition and Man~gernent  
1. Computer - None 
2. Data Channels (analogldigital) - Data logger - tape drive 100 channels. 

Digital output 
3. Sample Ra te  - Normally 2 minute intcrval 
4. Transducers - T.C ., Homemade Thermopiles, PRT's 
5. Accuracy - 0.15'C on temperature; 1%, liquid flow; 2-396, air  flow using 

ASME nozzle 
6. Meteorological - Pyroheliometer, pyranometer, sky temperature 

radiometer (custom-made by French Building Research Inst.) 
7. Storage - Tape 
8. On-Line Fluid Analysis - None 

E. System Control 
1. Type - Leeds-Northup thermostat controllers on inlet feeds; manual 

control of flow rates  
2. Operator Qualification - Technician 
3. Human Engineering - Not applicable 

USES 

A. Present Use - >90% 
B: Projected or Proposed - Continue research on test  methods 
C. Availability 

1. For facility-run experiments - Not in business of running other people's 
tes ts  

2. For experimenter-run experiments - None 
3. For operator training - None 

Source: Dr. J. Hill, FTS-921-3559 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Collector Module Test .Facility (Part of Midtemperature Solar System Test 
Facility) 

Location: Sandia Labs, Albuquerque, New Mexico 

PURPOSE 

Characterize and report collector module performance and support advanced collector 
research 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
1, Typcs - Line focus and distributed 
2. Numbers and size - One collector module of up to 45 m2 on each of 3 

loops 
3. Mounting Structures - 2 loops on fixed footings, 1 loop on turntable base 

B. Heat Management 
1. Temperature Range - max 330°C for water and 4 2 5 ' ~  f.or oils 
2. Pressure Range - 1 max 18 MPa with water and 1.4 MPa with oil 
3. Working Fluids - Therminol 66; Syltherm 800; and water 
4. Flow Rates - up to 1 11s 
5. Load Applications - Heat exchanger to water 
6. Supplementary Sources - resistance heaters to  heat transfer fluids t o  

required test temperatures 

C, Storage - None 

D. Data Acquisition and Management 
1. Computer - HP 1000 system 
2. Data Channels (analogldigi tal) - typically 120 channels of thermocouple 

and low-level signals for each loop 
3. Sample Rate - depends on number of channels used - 4 min a t  slowest 

ra te  
4. Transducers - Type T, J, and E. Thermocoupfes, flow meters, and 

pressure gauges 
5. Accuracy - Thermocouples + 1%, Flow meters + 5% 
6. Meteorological - NIP, ambient temperature, wfhd direction/velocity 
7. Storage - Magnetic tape and/or disk plus hard-copy printer and plotter 
8. On-Line Fluid Analysis - None 

E. System Control 
1. Type - Thermostatically controlled fluid inlet temperature; 

electropneumatic control on flow rate; computer, microprocessor, or 
manual control 

2. Operator Qualification - technician training in electronics and mechanics 
3. Human Engineering- safe operating procedures and quality program 

plms required for operation 

USES 

A. Present Use - Equipment supports simultaneous operation of two loops to 
characterize new concepts and advanced design collectors 

B. Projected-RFP for 4-month procurement of prototype collector; new 
concepts development RFP 

C. Availability - 100% utilized for facility-run experiments for DOE. 

NOTES .- . i. . ..- . . . . . . . .., 

Contact: Bob Workhoven, FTS 475-5427 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: System Test Facility (part of Midtemperature Solar System Test Facility) 
Location: Sandia Labs, Albuquerque, New Mexico 

PURPOSE 

Determine and demonstrate the technical and economic feasibility of solar total energy 
systems for a variety of sites and loads 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
I. 'i'ypes - Line f acus and dlstrlbuted polnl: Poeus co r l ce~~  lrcl lurs 
2. Numbers and size - 5 ubsystems each with max 500 MJ/hr (-200 m2) 
3. TotalArea--1000m 1 
4. Mounting Structures - Individual footings 

B. Heat Management 
1 Temperature Range - up to  315OC in primary distribution loop 
2. Pressure Range - up t o  0.6 MPa 
3. Working Fluids - Therminol66 in primary loop 
4. Flow Rates - up t o  3 11s 
5. Load Applications - 32 kW turbinelgenerator with toluene working fluid; 

(1g0 tonne) absorption c y d e  chiller; space heat and hot water for 1,100 
m building; cooling tower, 360 W 

6. Supplementary Sources - 2 fossil fuel heaters 0.3 M W  each 

C. S t  ra e - 3.7 mS high temperature (425OC) stratified Therminoi tank; three 24 9 m tanks capable of storing 880 kwh thermal between 2 4 3 " ~  and 3 1 0 " ~  

D. Data Acquisition and Management 
1. Computer - HP21 MXE 
2. Data Channels - 600 total available. At each of 7 bulkheads there are 

typically 40 channels for Type T and 12 channels for  Type J 
thermocouples, and 20 channels for other low-level signals 

3. Sample R a t e -  function of number of channels in use - slowest r a t e  = 4 
min 

4. Transducers - Type T, J, and K thermocouples, flow meters, and pressure 
gauges 

5.-  Accuracy - Thermocouples, + 1%; Flow meters + 5% 
6. Meteorological - Wind direczon and velocity, ambient air and dew point 

temperatures, and direct and horizontal solar radiation 
7. Storage - Magnetic tape, disk, hard-copy printer and plotter 
8; On-Line Fluid Analysis - None 

E. System Control 
1. Type - Honeywell temperature controllers (handset) on valves for fluid 

flow t o  maintain constant outlet temperature. Inlet temperature from 
bottom of thermocline. May be by computer, microprocessor, or manual. 

2. Operator Qualification - Technologist with electronics and mechanical 
background. Two operators needed for control, safety, et c. 

3. Human Engineering - Computer system may not be appropriate for all 
field applications. Two operators needed for control, safety, etc. Safe 
operating procedures and quality program plan required. 



USES - 
A. Present Use - 90% 
B. Projected or Proposed - Continued testing of subsystems on rotational basis. 

Sources: SAND 76-0167, SAND 76-0205, SAND 76-0662, SAND 77-0738 

Contact: T. D. Harrison, FTS 475-6394 or (505) 264-6394 



FACILITY SURVEY DATA SHEET: ~ i s t r i b u t e d ~ ~ s t e m s  

Name: Solar Experimental Research and Applications for Process Heat (SERAPH) 
Location: Solar Energy Research Institute, Golden, CO 

. . . . 

PURPOSE 

An experimental system for solar en.ergy . . research and ,application 

CAPABILITIES A N D  DESCRIPTION (Design Parameters) 

A. Collectors 
1. Types-Varies;concentrator 
2. Numbers and size - Varia le 
3, Total Area - up to 500 m 4 
4. Mounting Structures - One-Axis Tracking, Stationary 

R. Heat Management 
1. Temperature Range - 400' c 
2. Pressure Range - 3.5 MPa 
3. WorkingFluids-Press~rizedH~0,HeatTransferFluids 
4. Flow Rates - 1 to 6 11s 
5. Load Applications - Cooling and Heating'Load Simulator 
6. Supplementary Sources - Oil-fired heat exchanger (1 GJ/hr) 

C. Storage - Varies 

D. Data Acquisition and Management - To be coupled with SERI Data Acquisition 
System 
1. Computer - local system - LSI 11 
2. Data Channels (analogldigital) - 200-500 
3. Sample R.ate - unknown 
4. Transducers - pressure, temperature, flow rate 
5. Accuracy - unknown 
6 .  Meteorological - r~nknown 
7. Storage - unknown 
8. On-Line Fluid Analysis - None 

E. System Control 
1. . Type - Manual, analog, supervisory, DDC 
2. Operator Qualification - Technician 
3. Human Engineering - com bination graphics and annunciator 

USES 

A. Present Use - (not complete) 
B. Projected or Pro.posed - Experimental system for research on process heat 

applications 
C. Availability 

1. For facility-run experiments - Primarily for study relating to Solar 
Process' Heat Application, also large scale environmental heating and' 
cooling 

2. For experimenter-run experiments - Available 
3. For operator training - For industrial solar energy system operators 

NOTES 

SERI Contact: Jim Castle 



FACILITY SURVEY DATA SHEET: Distributed Systems 

Name: Standard Module (STAM) 
Location: SERI, Golden, CO 

PURPOSE 

Develop thermal performance standards appropriate for concentrating collectors; 
investigate impact of circumsolar on concentrating collectors; provide a test bed for 
advance receiver and component development (and conduct both short- and long-term 
reliability studies). 

CAPABILITIES AND DESCRIPTION 

A. Collectors 
1. Types - Varies; concentrators 
2. . Numbers and size - simultaneous capab ty  for 2 collectors 
3. Total Area - Aperture maximum -40 m Y 
4. Mounting Structures - 1 rotating asimuthal platform and 2.fixed stands 

B. Heat Management . . 
1. Temperature Range - Water 230°C, Heat Transfer Oils 350°C 
2. Pressure Range - 3.8 MPa 
3. Working Fluids - Water, Heat Transfer Oils, Therminol 66 . 

4. Flow Rates - Varies; 0.78 - 37..9 l/min per collector 
5. Lwd Applications - Dump Heat Exchanger 
6. Supplementary Sources - Resistance Type Circulation Heater for Input. 

Temperature 

C. Storage - 150 liter 

D. Data Acquisition and Management 
.. 1. C o m p ~ ~ t e r  - lnitially - LSI-11 

2. Data Channels (analog/digital) - 30 
3. Sample R a t e  - Variable; l/s\ to 1 /mid . . 

4. Transducers - Various 
5. Accuracy - Striving for overall 1-2% in overall thermal performance 
6. Meteorological - On-site weather station and radiometers 
7. Storage - Presently on cassette tape, proposed floppy disk 
8. On-Line Fluid Analysis - None 

Systemcontrol  
1. Type-Flow rate--initially manual, adaptable for automatic; 

tempproportional 
2. Operator Qualification - TBD 

USES 

A. Present Use - Design Phase 
B. Projected or Proposed - Operational by Sept. 1979 
C. Availability 

1. For facility-run experiments - Primarily 
2. For experimenter-run experiments - Yes 
3. For operator training - Probably in the future 

NOTES 

SERI Contact: Allan Lewandowski 



FACILFTP SURVEY DATA SHEET: Distributed Systems 

Name: Collector Test Loops 
Location: University of Chicago, Chicago, IL 60637 

PURPOSE 

Test facility for prototype nonimaging concentrating collectors 

CAPABILITIES AND DESCRIPTION - 
A. Collectors 

1. Types - CPCE and nonimaging tw stage oonoen atom 
2. Numbers and size - 2 each-1.6 mf, 1 each-1.1 my, 1 each-1.8 m 2 

3. Mounting truc tures - Two-axis (horizontal-vertical) manually positioned 
rack 2 m I 

D. Iieat Management - Two circulating loops A and B 
1. Temperature Range - (A) 1 0 " ~  - 90°C; (B) 10" c - 300" c 
2. Pressure Range - (A) atmospheric; (B) 0 - 340 kPa 
3. Working Fluids - (A) Water; (B) Therminol66 
4. Flow Rates - (A) 5 - 50 ml/s; (B) 5 - 80 ml/s 
5.  Load Applications - (A&B) Heat exchangers 

C. Storage - None 

D. Data Acquisition and Management 
1. Computer - Hewlett-Packard 9825A programmable calculator, scanner 

and on-line plotter 
2. Data Channels (analog/digi tall - 40 analog channels inter faced to 

calculator 
3. Sample Rate - Full sensor scan every 2 s - Accumulates and computes 

average every 1-4 min. 
4. Transducers - Thermocouples, 4-terminal RTDs, turbine flowmeter 
5. Accuracy - +I% 
6. Meteorological - Radiometric only (ACR plus two Eppley 8-48s) 
7. Storage - On magnetic tape cassettes 
8. On-Line Fluid Analysis - (Uses calorimetric ratio technique to calibrate 

fluid T for known heat source) 

E. System Control 
1. Type - Manual (Flow rate, heater power, etc.) 
2. Operator Qualification - Informal 

USES 

A. Present and Projected Use - Nearly 100% on sunny days, plus some heat loss 
testing yielding net of -35% of real time 

B. Available only for facili ty-run experiments 

NOTES 

Contact: J. 'J. O'Gallagher (312) 753-8637 



APPENDIX A 

A.2 RESPONSHS TO QUESIlONNAIRE MAILED TO CONCENTRATING COLLECTOR 
MANUFACTURERS 



QUESTIONNAIRE RESPONSBS PROM COLLECTOR MANCPACTURERS 

Respcnse 

Question Solar Kinetics, lnc. Northrup, Inc. Acurex Cororation 

Company Location 8120 Chancellor Row 302 Nichols Dr. 485 Clyde Ave. 
Dallas, TX 75247 Hutchins, TX 75141 Mountain View, CA 94042 

Solar Resource a t  Site 

What is the purpose of the 
facility? 

Facilities Capabilities and 
Description 

1. What types of collectors can 
be tested? 

2. How many collectors can be 
tested independently and a t  
the same time? 

3. What is the total collector 
area that can be tested a t  
one time? 

4. On what type of structure 
are the collectors mounted? 

5. Operating parameter limits . 
Temperature 
Pressure 
Fluid Flow 

High insolation rateq,  high per- 
centage of sunshine (See C l h a t i c  
Atlas) 

R&D and produetian of parabolic Development of solar collecto?s; In-home development, production 
trough concentrating collectors determine performan2e curves; testing, and quality control of 

monitor hot water systems various thermal and ptiotovoltaic 
collectors 

AU 

See Below 

Steel Pylons 

315Oc 
1.7 MPa 

0.006-1.25 11s 

Liquid flat-plate coll sctors 
and concentrating co;.lectom 

Pour collectors can be tested 
a t  once, but they must all be 
a t  the same inlet temperature 

One- and two-axis tracking collec- 
tors, thermal, and ,photovoltaic 

Three to four different types, 3 
different loops exist (1. High 
temp, 2. Low temp, and 3. High 
pressure) 

Flat-plate tracker, cmcentra- 
tor tracker, a fixed nount 

175Oc 
0,.86 MPa 
0-0.2 11s 

48 m2 thermal collectors 

Concrete piers 

315Oc 
2.7 MPa a t  200°C 

6. What working fluids does 
your system use? Thermal Oils and Water Water Water and heat transfer oils 



QUESTlONNAlRE RESPONSE3 FROM COLLECTOR MANUFACTURERS (continued) 

Response 

Question Solar Kinetics, Inc. Northrup, Inc. Acurex Corporation 

7. Is the collected energy Optionel: Heat can be rejected Rejected to atmosphere 
used or rejected to the Space heating and rejection to the etmosphere or into the 
atmosphere though a heat test lab building 
exchanger? 

8. Are supplementary heaters 
used to preheat inlet 
fluid or to prwide a sim- 
ulated source or load for 
other components of solar 
powered systems? 

9. What, if any, capabilities 
exist for thermal storage? 

10. How are data acquired and 
managed? 

Computer 

Transducers (accuracy) 

Yes 

Oil - 0.8 m3 

An in-line heater controls the 
fluid inlet temperature 

120-1 and 50-1 tanks; various 
tank sizes to  320-1 are avail- 
able 

Yes 

None 

Rustrak Cromemco 64 K computer ' 2240-A Fluke Datalogger. Autodata 9 data acquisition systems 
Chart recorders; Houston Instrument two-pen strip 

chart recorders. Eppley pyrans- 
meter and pyrheliometer 

Omega bimetal copper-constant For pressure measurement 'rhermocouples end RTDs 
Rampo and flow tech. flow meters bourdon tube gages are used, f 

35-kPa accuracy 

MeteoroPogical! data- where Epply radiometer NIP 
obtained? Epply radiometer 8-48 

Anemometer 

Ambient temperature, wind veloc- Normal incidence and global 
ity, wind direction; TI weather pyranometers anemometer 
station 

Data Storage Strip charts and Floppy Disks Fluke datalogger Paper tape printer 



QUWIONNAIRE RESPONSES FROM COLLECTOR MANUFACTURERS (continued) 

Response 

Question Solar Kinetics, 111~. Northcup, Inc. Aeurex Corporation 

11. Are fluid temperatures The tanks have thermostatic Depends on experiment 
thermostatically controlled? Yes. Manual and automatic controls that are electronicnl- 
Manually or electronically pne~~matic servo ly set. The irrline heater is 
set? controlled by a variable trans- 

former that k set manually 

12. Are flow rates outomat- 
ically controlled? 

13. What kind of training is 
necessary to qualify 
operators? 

Facility Use 

1. What fraction of time is it 
presently being used? 

Yes, as above 

Intermittently 

2. What are your projected or Continued R&D and design 
proposed uses for the evaluation 
future? 

3. Would the facility be avail- 
able for tests run by out- 
side experimenters? If so, 
whtlt restrictions or qual- 
ifications? 

No. The flowmeters are checkzd 
frequently to ensure constant 
flowrnte 

Yes 

A very general understanding d Engineering and/or technician 
heat transfer plus a few days experience 
of witnessing tests. 

100% for long-term thermal and 
photovoltaic testing 

Yes. It must be during a time Yes, if available and contracted 
of nonuse by Worthrup and at  
a fee comparable to that of an 
independent solar test lab. 
Test schedules could be worked 
out in advance. 



APPENDIX B 

DATA ON CENTRAL RECEIVER TEST FACILITIES 



CHARACTERISTICS OF LARGE SOLAR FURNACPS 

CNRS 
Montlouis, 

France 

T H E R M A L   PERFORMANCE^,^ 
Total Thermal Power (kW 45 (est) 
Maximum lrradiance (W/2m2) 1200 
Image Diameter (em)' 
Maximum Calculated Equilibrium -,3300 

Temperature (K) 

ONRS 
Bouzareah 

Algiers, 
Algeria 

Tohoku 
Univerg ty CNRS 

Senda j Odeillo, 
Japan France 

French Army U.S. Army 
Odeillo, White Sands, 
France New Mexico 

U S .  Army 
\\rhi 1 e Sands, 
Nenl Mexico 

CRTF 
Albuquerque, 
New Mexico 

ACTF 
Atlanta, 
Georgia 

I1 ELIOSTAT 
Number of Heliastats 
ileliostat Size (m) 

1 - 1 6 3 1 1 - 222 Present 550 
10.5 x 13 - 14 r 1:-.5 6 x 7.5 13.2 x 17.5 11 x 12.2 - 6.3 x 6.3 1.1 Dia 

Tjrpe of Mirror 2nd Ag - 1st AP 2nd Ag 2nd Ag mixed - 2nd Ag 2nd Ag 
Number of Mirror Elements 

N in Each Heliastat 540 - 238 180 638 356 - 25 1 
Mirror Element Size (cm) 50 x 50 - ' 90x110  5 0 x 5 0  50 x 50 62 x 62 - 62 x 62 111 Dia 
Mirror Area in ech B Heliostat (m ) 135 - 214 45 159.5 137 - 40 0.95 

CONCENTRATOR 
Configuration Paraboloid Paraboloid Dish Paraboloid Paraboloid Spherical Spherical braboloid - - 
Size (m) 9 x 11 8.14 (Diem) 10 (Dikm) 40 x 54 10 x 10 8.5 x 8.5 i 5  (Diam) - - 
Focal Length (m) 3.1 18 10.9 8.6 - Nominal 21.3 
Type of Mirror 2nd Ag Eleclropolished 1st A1 2nd Ag 1st A1 1st A1 Aluminized - - 

Aluminum Aerylic Film 
Number of Mirror Elements 3500 - 181 9,500 384 180 Wny Strips - - 
hlirror Element Size (cm) 16 x 16 - 8 0 x 7 5  4 5 x 4 5  50 x 50 90 a t  62 x 62 Variable - - 

90 a t  64 x 66 
Total Mirror Area (m2) 89.6 50 10s 1,923 96 7 2 490 - - 



CHARACTERISTICS OF LARGE SOLAR FURNACE3 (Continued) 

OE!RS Tohoku 
CNRS Bouzareah University CNRS French Army U.S. Army U.S. Army CRTF ACTF 

Montlouis, Algiers, Sendai, Odeillo, Odeillo, White Sands, White Sands, Albuquerque, Atlanta, 
France Algeria Japan France France New Mexico New Mexico New Mexico Georgia 

TOWER 
Height 
Location in Field 

- 6 1 21.3 
- South or Central 

Central 

40 computer 500 AID or 120 multi- 
data channel.~ DIA computer plexed com- 

data channels putor data 
channels, 

including 52 
thermocouple 
and 40 strain 

gauge channels 
96 
1 

a DATE FIRST OPERATED 1952 IS54 1962 1970 1972 1958 a t  1981 1978 1977 
Natick, MA expected 

'~ased  on irradiance of 900-950 w/ni2. 
t '~ iea t  handling capabilities a t  each facility are sufficient to dissipate the total thermal power from the receiver. 
"First number is diameter of the area receiving approximetely 112 of total energy; the second number is the diameter of the area capturing 95% of total energy. . 
d ~ u r i n g  I980 the CRTF is expected to have a water-cool4 aluminum compound pnrabolic secondary concentrator. It is designed to provide about 1000 w/cm2 over a 23- 
cm diameter area. 





APPENDIX C 

CENTRAL RECEIVER SOLAR THERMAL POWER SYSTEM: 

REVIEW AND SUMMARY OF AVAILABLE FACILITIIB 

Aerospace Corporation ATR-75-(7370)-2 



AEROSPACE R E P O R T  NO 
ATR-75 (7370 ) -2  

Review and Summary sf 
Available Test Facilities 

THE AEROSPACE 
c-2 

ORATION 



CENTFAL K E C E I V E S  SOLAR THEZMAL FOWEF SYSTEM 

REVIEW AND SUMMARY 

OF 

AVAILABLE TEST' F A C I  LITIES 

Prepared f o r :  

THE NAT IOMAL S C I E N C E  FOUNDATION 
Washington ,  D. C. 

Prepared b y  : 

ENERGY AND RESOURCES D I V I S I O N  
!THE AEROSPACE C O R P O M T I O N  

E l  S e g - t ~ n d o ,  C a l i f o r n i a  

C o n t r a c t .  No. H S F - C g 3 3  
T a s k  Order No. 1 
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The N a t i c n a l  S c i e n c e  F o u n d a t i o n  i s  u n d e r t a k i n g  t hl- 

d e ~ l o p m e n t .  of  a  C e n t r  a 1  F . e c e i v ~ r  S o l a r  T h e r m a l  Power  S y z t e n  f 0:- 

t h e  c o n v e r s i o n  cf s o l a r  r a d i a t i o n  i n t o  therma ' l  e n e r g y  and t h a n  t o  
e l e c t r i c a l  power by c o n v e n t i o ~ a l  m e t h o d s .  The n e x t  p h a s e  of  t h i s  
p r o g r a m  w i l l  i n v o l v e  t h e  e f f o r t s  o f  s e v e r a l  c o n t r a c t o r s  01- 

c o n t r a c t o r  t e a m s ,  e a c h  p r e p a r i n g  a  p r e l i m i n a r y  d e s i g n  f o r  a  10  
M W e  P r o o f - o f - C o n c e p t  E x p e r i m e n t  ( FOCE) P i lo t  P l a n t .  The 
p r e l i m i n a r y  d e s i g n s  w i l l  e v o l v e  l a r g e l y  f r o m  a  s e r i e s  o f  
s u b s y s t e m  r e s e a r c h  t e s t s  w h i c h  ' a r e  i n t e n d e d  t o  v e r i f y ,  by a c  t u a  1 
h a r d w a r e  o p e r a t i o n  a n d  e v a l u a t i o n ,  t h e  d g s i g n  c o n c e p t s  and  
a n l y s e s .  The d a t a  a n d  r e s u l t s  o f  t h o s e  e n g i n e e r i n g  a n d  
d e v e l o p m e n t  t e s t s  a r e  e s s e n t i a l  t o  p r o v i d e  t h e  p r o p e r  b a s i s  f o r ,  
a n d  con£ i d e n c e  i n ,  t h e  p r e l i m i n a r y  d e s i a n s  o f  t h e  POCE P i l o t  
P l a n t .  Th9  PGCE P i l o t  P l a n t  P r e l i m i n a r y  D e s i g n  w i l l  b e  
t e c h n i c a l l y  a n d  l o g i c a l l y  r e l a t e d  t o  t h e  p r o p e r  d e s i g n  and  
c o n s t r u c t i o n  o f  a n t i c j . p a . t e d  c o m m ~ x c i a l  C e n t r a l  R e c e i v e r  S o l a r  
T h s r m a l  Power S y s t e m s .  The x e s e a r c h  e x p e r i m e n t  h a r d w a r e  a n d  
t e s t i n g  p r o c e d u r e s  mus t  s i m u l a t e  t h e  s y s t e m  o p ~ r a t i o n a l  
c o n d i t i o n s  i n  o r d e r  t o  p r o p e r l y  v e r i f y  t h e  p e r f  ormance 
e x p e c t a t i o n s  d e r i v e d  f r o m  t h e  a n a l y s e s ,  a s  w ~ l l  a s  t h e  c o n c e p t u a l  
a n d  d e v e l o p m e n t a l  d e s i g n  e f f o r t s .  Of t h e  t h r e s  s u b s y s t e m s  
i n c l u d e d  i n  . t h e  S u b s y s t e m  F e s e a r c h  E x p e r i m e n t s  ( C o l l e c t o r ,  
R e c ~ i v e r ,  and  The rma l  S t o r a q e )  t h e  R e c e i v o r  S u b s y s t e m  seems t o  
p o s s  t h e  g r e a t e s t  p r o b l e m s  c o n c e r n i n g  a v a i l a b i l i t y  o f  adequa t , e  
t e s t  f a c i l i t i e s  f o r  c o n d u c t i n g  m e a n i n g f u l  t e s t s .  The e m p h a s i s  I n  
t h i s  r e p o r t  w i l l  be  c o n c e r n i n g  t h o s e  f a c i l i t i e s  f o r  t h e '  r e c e i v e r  
s u b s y s t e m  e x p e r i m e n t s .  Evsn t h o u a h  c c n c e r t e d  e f f o r t s  h a v e  b e e n  
made t o  i d e n t i f y  t h o s e  f a c i l i t i e s ,  b o t h  a o v e r n m e n t  a n d  
i n d u s t r i a l ,  w h i c h  c o u l d  be o f  u s e  i n  c o n d u c t i n g  s u c h  t e s t s ,  n o  
c l a i m  c a n  b e  made t h a t  t h e  c o v e r a g e  i s  c o m p l e t e  and  t h a t  a l l  
e x i s t i n g  f a c i l i t i e s  h a v e  been i n c l u d e d .  It  i s  b e l i e v e d  t h a t  t h e  
more i m p o r t a n t  g o v e r n m e n t  f a c i l i t i e s  a n d  t h e  b e t t e r  known or  
a v a i l a b l e  i n d u s t r i a l  f a c i l i t i e s  h a v e  keen  i n c l u d e d .  I t  i s  a l s o  
b e l i e v e d  t h a t  t h e y  a r e  r e p r e s e n t a t i v e  o f  e x i s t i n g  f a c i l i t i e s  and  
w i l l  p r o v i d e  a  r e a s o n a b l e  c h e c k  l i s t  f o r  i n i t i a l  s c r e e n i n s  b y  
p r o s p e c t i v e  program.  F a r t i c i ~ a n t s .  

The t e s t  f a c i l i t y  d e s c r i p t i o n s  w e r e  p r o v i d e d  by personnel a t  
e a c h  o f  t h e  v a r i o u s  t e s t  f a c i l i t i e s .  Some e d i t i n g  was made t o  
t h e  f a c i l i t y  d e s c r i p t i o n s  i n  t h e  c o m p i l a t i o n  o f  t h i s  r e p o r t .  The  
N a t i o n a l  S c i e n c e  F o u n d a t i o n  a n d  The  Aerospace C o r p o r a t i o n  wi sh  t o  
t h a n k  e a c h  o f  t h e  c o n t r i b u t o r s  f o r  t h e  e f f o r t  r e q u i r e d  f o r  t h o  
p r e p a r a t i o n  o f  t h i s  document .  T h e s e  i n d i v i d u a l s  a r e  i d e n t i f i e d  
i n  t h e  a p p r o p r i a t e  s e c t i o n s  of t h e  t e x t .  



2 . 0  TEST OBJEC T I V E  S 

The o b j e c t i v ~ s  o f  t h e  F e c e i v e r  Subsys t em 9 . e s e a r c h  
E x p e r i m e n t s  a r e  t o  p r o v i d e  the r e s e a r c h  and  t e s t  d a t a  n e c e s s a r y  
t o  d e m ~ r ~ s t r a t e  a n d  v e r i f y  t h e  t e c h n i c a l  and  economica 1 
f e a s i b i l i t y  o f  a c h i e v i n g  s c l u t i o n s  f o r  t h e  h i g h  r i s k  
t e c h n o l o g i c a l  i s s u e s  o f  t h e  F e c e i v e r  Subsys t em.  S i n c e  t h r ~  
i d e n t i f i c a t i o n  c f  a  r e c e i v e r  d e s i g n  i s  &the m a j o r  o b j e c t i v e  o f  
t h e s e  t e s t s ,  it i s  n o t  p o s s i b l e  t o  i d e n t i f y  s l e c i f i c  
c o n f i g u r a t i o n s  beyond t h a t  of these b a s i c  c o n c e p t s  : (1)  e n c l o s e d  
t u b e ,  o r  c a v i t y  r e c e i v e r ,  a n d  ( 2 )  e x p o s e d  t u b e  r e c e i v e r .  E i t h e r  
r e c e i v e r  c o n c e p t  e m p l o y s  t h e r m a l  cyc le s  s u c h  a s  i n d i c a t e d  i n  
F i g u r e s  1, 2, a n d  3 .  Fiha teve r  f a c i l i t i e s  a r e  employed  i n  t h ?  
t e s t i n g  o f  t h e  s p e c i f i c  r e c e i v e r  c o n £  i g u r a t i o n s ,  t h e  e s s e n t i a  1 
d e s i g n  d a t a  a n d  v e r i f i c a t i o n  r e s u l t s  m u s t  be  d e t e r m i n e d .  Each 
r e c s i v e r  c o n £  i g u r a t i o n  w i l l  r e q u i r e  s p e c i f i c  a n d  u n i q u e  t e s t  
pifOCQdClreS, i n s t r u m e n t a t i o n  and  f a c i l i t i e s  t o  s a t i s f y  t h e  t e s t  
o b j e c t i v e s .  

The  t ~ s t  h a r d w a r e ,  a s  a  model  o r  module  o f  t h e  p r o t o t y p e  
c o n c e p t ,  m u s t  p r o v i d e  a d e q u a t e  s i m i l i t u d e  o f  t h e  o ~ o r a t i o n a l  
c o n d i t i o n s  i n  eac,h  o f  t h e  a r e a s  of c o n c e r n :  s i z e ,  f l o w s ,  dynamic  
r e s p o n s e ,  e t c . ,  w h i l e  t h e  t e s t  f a c i l i t i e s  mus t  p r o v i d e  c o n t r o l l e d  
a n d  r e p r o d u c i b l e  i n p u t s  t o  t h e  t e s t  h a r d w a r e .  

The p r i m a r y  r e q u i r e m e n t s  f o r  t h e  t e s t  f a c i l i t y  a r e  t o  
F r o v i d e  s t e a m  g e n e r a t o r  i n t e r f a c e s  wh ich  w i l l  n o r m a l l y  e x i s t  i n  
t h e  c e n t r a l  r e c e i v e r  s y s t e m  a n d  t o  p r o v i d e  n e c e s s a r y  dat .a  t a k i n q  
a n d  r e d u c t i o n  f a c i l i t i e s  t o  make t h e  t e s t  r e s u l t s  m e a n i n g f u l .  
The p r i n c i p a l  i n t e r f a c e s  a r e  t h e  r a d i a n t  h e a t  s o u r c e  and  f l u i d  
i n t e r f a c e s .  I n  many i n s t a n c e s ,  t h e s e  i n t e r f a c e s  w i l l  be  d i c t a t e d  
b y  t h e  p a r t i c u l a r  d e s i g n  o f  t h e  s t e a m  g e n e r a t o r .  C o n s ~ q u n n t l y  , 
t e s t  f a c i l i t i e s  mus t  h a v e  s u f f i c i e n t  f l e x i b i l i t y  t o  accommodate 
v a r i o u s  s t e a m  g e n s r a t o r  d e s i q n s  a s  w e l b  as  dynamic  modes to 
s i m u l a t e  t h e  t r a n s i e n t s  o f  p l a n t  o p e r a t i o n s .  The r a d i a n t  h e a t  
s o u r c e  r e q u i r e m e n t s  w i l l  b e  d i c t a t e d  by t h e  t r a d e -  of f s  be tween  
t h e  r e c e i v e r  a n d  t h e  p a r t . i c u l a r  d e s i g n  of the  co l l ec to r  a s s e m b l y .  
S i n c e  n e i t h e r  t h e  c o l l e c t o r  n o r  t h e  r e c e i v e r  ( s t e a m  g z n e r a  t o r )  
h a v e  b e e n  d e s i g n e d ,  t e s t  f a c i l i t y  r e q u i r e m e n t s  a r e  d i s c u s s e d  
b e l o w  i n  g e n e r a l  t e r m s .  

T h e  f o l l o w i n g  d i s c u s s i o n s  a r e  n o t  i n t e n d e d  t o  be  t u t o r i a l  i n  
n a t u r e ,  b u t  a r e  p r e s e n t e d  t o  i n d i c a t e  t h e  g e n e r a l  f a c i l i t y  
r e q u i r e m e n t s  f o r  c o n d u c t i n g  e n g i n e e r i n g  a n d  d e v e l o ~ m e n t  t e s t s  f o r  
t h e  r e c e i v e r  c o n c e p t s .  The s p e c i f i c  v a l u e s  a r e  i l l u s t r a t i v e  o n l y  
a n d  a r e  n o t  i n t e n d e d  t o  s p e c i f y  d e s i g n  v a l u e s .  

S t e a m  C y c l e  c o n s i d e r a t i o n .  The s t e a m .  c y c l e  which  w i l l  be ------ -------------- 
u s e d  i n  t h e  c e n t r a l  r e c e i v e r  w i l l  p r o b a b l y  b e  some d e r i v a t i v e  of 
t h e  R a n k i n e  C y c l e .  A l t h o u g h  t h e  e x a c t  n a t u r e  o f  t h e  c y c l e  i s  
s t i l l  unknown a n d  t h e  t e m p e r a t u r e  and  p r e s s u r e  v a l u e s  a m a t t e r  of  
s p e c u l a t i o n ,  scme g e n e r a l  comments  c a n  b e  made. F i g u r e  1 shows 
t h e  b a s i c  R a n k i n e  s t e a m  power p l a n t  c y c l e .  The  m a j o r  compcnc?nts 
a r e  t h e  s t e a m  g e n e r a t o r ,  tho s t e a m  t u r b i n e ,  t h 3  c o n d e n s e r ,  and 
t h e  f l u i d  pump. The cycle  i s  s h o t ~ n  on a  t e m p e r a t u r e - e n t r o p y  



d i a g r a m .  I n  t h i s  p a r t i c u l a r  c y c l e ,  comFressed  l i q n i d  i s  
i n t r o d u c e d  t o  t h e  s t e a m  g e n e r a t o r  a t  s t a t e  ~ o i n t  1  ( p  a p p r o x .  
1250 p s i a ,  T  a p p r o x .  110 F) and  e x i t s  t h e  g e n e r a t o r  a t  s t a t - r :  
p o i n t  4 ( p a p p r c x .  1 2 5 0 ' p s i a ,  T  a p p r o x .  950  F ) .  Th? t .est  
f a c i l i t y  mast be a b l e  t c  ~ r o v i d e  w a t e r  t o  t h o  g e n e r a t o r  a t  s t a t e  
p c i n t  2  and  a c c e p t  it back a t  s t a t e  p o i n t  4 .  T h e r c  a r e  s s v c r a  1 
o p t i o n s  f o r  p r o v i d i n g  w a t e r  a t  t h e  n e c e s s a r y  c o n d i t i o n s  : ( 1 )  
w a t e r  a t  s t a t e  p o i n t  6 c a n  be pumped t o  s t a t e  ~ o i n t  1  where i t  i s  
i n t r o d u c e d  t o  t h e  g e n e r a t o r ;  s u ~ e r h e a t e d  s t e a m  a t  4 c a n  t h e n  b e  
dxnped i n t o  t h e  a t m o s p h e r e  o r  i n t o  a  c o o l i n g  pond ( t h e  p r i m a r y  
c o n c e r n  i n  t h i s  a p p r o a c h  i s  p r o v i d i n g  n e c e s s a r y  make-up W F - t e r  at .  
s u f f i c i e n t  p u r i t y )  ; (2)  a  s e c o n d  a p p r o a c h  wou ld  be  t o  u s e  a  h i g h  
p r e s s u r e  c o n d s n s e r  where  s t e a m  a t  s t a t e  p o i n t  4 w i l l  be c o o l e d  
a l o n g  t h e  4-3-2-1 c u r v e ;  t h i s  is b a s i c a l l y  r e v e r s i n g  t h e  b o i l e r  
p r o c e s s ;  t h e  a d v a n t a g e  o f  t h i s  method i s  t h a t  t h e  w o r k i n g  f l u i d  
i s  r e u s e d ,  a n d  t h a t  t h e  ~ u m p i n g  power h i 1 1  be  r e d u c e d  b e c a u s e  
once  t h e  s y s t e m  .is c h a r g e d  o n l y  a  c i r c u l a t i o n  FumF w i l l  b e  
n e c e s s a r y .  

F i g u r e  2  shows a  I i ank ine  c y c l e  w i t h  o n e  r e h e a t .  T h e  s t e a m  
g e n e r a t o r  i n t e r f a c e  i s  more c o m p l i c a t e d  b e c a u s e  f l u i d  f  rom t h e  
h i g h  p r e s s u r e  t u r b i n e  a t  5  i s  r e h e a t e d  to  6 .  The t u r b i n e  p r o c e s s  
f r o m  4 t o  5  and  f rom 6 t o  7 are  work  e x t r a c t i o n  p r o c e s s e s  where  
t h e  p r e s s u r e ,  t s m p e r a t u r e ,  and  e n e r g y  c o n t e n t  a r e  r e d u c e d  at. 
n e a r l y  c o n s t a n t  e n t r o p y .  S i m u l a t i o n  o f  t h i s  p r o c e s s  i s  most 
d i f f i c u l t  w i t h o u t  a  ' t u r b i n e .  A t h r o t t l i n g  p r o c e s s  f o l l o w e d  by a  
c o o l i n g  p r o c e s s  c a n  be u s e d  t o  g e t  t h e  f l a i d  f r o m  4 t o  5. A l s o ,  
a n  a u x i l i a r y  b o i l e r  c o u l d  be  , used  t o  p r o v i d e  s t e a m  a t  s t a t e  
p o i n t  5. 

O t h e r  f e a t u r e s  w h i c h  a r e  g e n e r a l l y  s e e n  i n  a  s t e a m  p0we.r 
p l a n t  a r e  a d d i t i o n a l  r e h e a t s  a n d  f e e d - w a t e r  h e a t e r s .  The b a s i c  
r a t i o n a l e  f o r  u s i n g  r e h e a t s  a n d  f e e d w a t e r  h e a t e r s  a r e  t h a t  t h e y  
improve  c y c l e  e f f i c i e n c y .  I t  i s  n o t  e x p e c t e d  t h a t  t h e  t e s t  F t e a m  
g e n e r a t o r s  w i l l  h a v e  many r e h e a t  c y c l e s .  Feed  w a t e r  hea t i n g  
wou ld  b e  c o n s i d ~ r e d  p a r t  of t h e  s t e a m  g e n e r a t o r .  

Both c y c l e s  c o n s i d e r e d  a b o v e  a r e  s u b c r i t i c a l  c y c l e s .  A 
t h i r d  p o t e n t i a l  c y c l e  i s  t h e  s u p e r c r i t i c a l  c y c l e  shown i n  
F i g u r e  3. The main f e a t u r e  w i t h  t h i s  c y c l e  i s  t h a t  t h e  p r e s s u r e  
i s  i n  t h e  o r d e r  o f  3500 p s i a  a n d  t h e  i n l e t  and  o u t l e t  t e m ~ e r a t u r ~  
a r e  a p p r o x i m a t e l y  110 and  850 F ,  r e s p e c t i v e l y .  

Based upon t h e  a b o v e  d i s c u s s i o n ,  power  c y c l e  i n t e r f a c e s  were 
d e v e l o p e d  t o  s e r v e  a s  a  b a s i s  f o r  c o m p a r i s o n  o f  e x i s t i n g  
f a c i l i t i e s .  T h e s e  b a s e l i n e  c o o l i n g  s y s t e m  r e q u i r e m e n t s  a r e  
o u t l i n c d  i n  T a b l e I .  T h e  t h e r m a l  h e a t  l o a d  f o r  t h e  s t e a m  
g e n e r a t o r  was assumed t o  b e  5 MW. C o n s e q u e n t l y ,  f o r  s t e a d y  s t a t e  
t c s t i n g ,  t h e  c ~ c l i n r j  s y s t e m  m u s t  be  c a p a b l e  o f  r e j e c t i n g  5  MWth. 
The work ing  f l u i d  ( w a t e r )  f l o w  r a t e  t h r o u g h  t h e  s t e a m  g e n e r a t o r  
w i l l  b e  i n  t h e  c r d e r  of 1 .46  Kg/sec  ( 2 3  gpm) f o r  t h e  c y c l e  shown 
i n  F i g u r e  1. I n l e t  f l u i d  t o  t h e  s t e a m  g e n e r a t o r  mus t  be  
c o n d i t i o n e d  t o  a p p r o x i m a t e l y  43  C ar.d 8 5  ATNOS. The i n l e t  f l u i d  
( 1 . 4 6  Kg / sec  o f  43 C and  85 ATNOS w a t e r )  c a n  be f r o m  a  c l o s e d  
cycle s y s t e m  nr a n  open  cycle, T h e  t y p e  o f  s y s t s m  s e l e c t e d  w i l l  
h a v e  a n  i m p a c t  on  i tems s u c h  a s  t h e  pump comPon2n t s  and t h e  
c o o l i n g  s y s t e m  and t h e  s e l e c t i o n  o f  a  w a t e r  s u p p l y .  I f  a  



F i g u r e  1 .  S i m p l e  E a n k i n e  C y c l e  

F i g u r e  2 .  Rankine  Cyc le  hith ~ : e h e a %  



F i g u r e  3 .  S u p e r c r i t i c a l  R a n k i n e  C y c l e  

T a b l e  I. Sys t em C o o l i n g  R e q u i r e m e n t s  

H e a t  Load 5  MW 1 5  m i l .  B t u / h r  
Working F l u i d  F l o w r a t e  1 .46  k g / s e c  11600 l b / h r  ( 23  upm) 
F l l l i d  I n l e t  - m n d i t i o n s  
t o  G e n e r a t o r  ( P r i m a r y )  

- T e m p e r a t u r e  43 C 110 F 
- P r e s s u r e  8 5  ATMO S 1250 p s i a  

F l u i d  C u t l e t  C o n d i t i o n s  
f r o m  G e n e r a t o r  ( P r i m a r y )  

- T e m p e r a t u r e  510  C 950 F  
- Pressure 0 5 ATMO 3 1250 p s i a  

a F l u i d  I n l e t  C o n d i t i o n s  
t o  G e n e r a t o r  ( S e c o n d a r y )  

- T e m p e r a t u r e  500 F  
- P r e s s u r e  200 p s i a  

F l u i d  I n l e t  C o n d i t i o n s  
t o  G e n e r a t o r  ( T e r t i a r y )  

- T e m p e r a t u r e  5'75 F 
- P r e s s u r e  1250 p s i a  



s u p e r c r i t i c a l  c y c l e  i s  t o  be  t e s t e d ,  t h e  pump mus t  be a b l e  t o  
p r o v i d e  w a t e r  a t  s u p e r c r i t i c a l  p r e s s u r e .  

s u p e r h ~ a t e d  s t e a m  o u t l e t  c o n d i t i o n s  w i l l  be i n  t h e  o r d e r  o f  
5 1 0  C ar1.d 8 5  ATPOS. I f  a  c l o s e d  c y c l e  s y s t e m  i s  u s e d ,  t h e  s y s t e m  
must  be  a b l e  t o  c o n d i t i o n  t h i s  f l u i d  t o  t h e  p r i m a r y  i n l e t  
c o n d i t i o n s  o f  t h e  s t e a m  g e n e r a t o r .  T h i s  w i l l  r s q u i r e  r e j e c t i n g  
a p p r o x i m a t e l y  5 M W  and  r e d u c e  h e  t e m p e r a t u r e  t o  4 3  C w h i l e  
m a i n t a i n i n g  t h e  p r e s s u r e  a t  85 ATMOS. I f  a n  open  c y c l e  i s  u s e d ,  
t h e  s u p e r h e a t e d  s t e a m  c a n  b e  dumped ( i - e . ,  i n t o  a  c o o l i n g  pond) . 

 he a v a i l a b i l i t y  o f  s e c o n d a r y  and t e r t i a r y  i n l e t  f l u i d  i s  
d e s i r a b l e .  S e c o n d a r y  f l u i d  c o n d i t i o n s  may b e  200 p s i a  and  SO0 F 
w h i c h  e s s e n t i a l l y  c o r r e s ~ o n d s  t o  t h e  l o w  p r e s s u r e  i n l e t  f l u i d  t o  
t h e  s t e a m  g e n e r a t o r  i n  t h e  r ' e h ~ a t  cyc.le ( . F i g u r e  2 ) .  T h e  t e r t i a r y  
c o n d i t i o n  is  p r o b a b l y  t h e  s a t u r a t e d  s t e a m  c o n d i t i o n  ( S )  i n  F i q u r e  
1 .  T h i s  f l e x a b i l i t y  would  b e  u s e f u l  ' t - o  p e r f o r m  t e s t s  on  t h e  
s t e a m  g e n e r a t o r  s u p e r h e a t e r .  

g g d i a n t  E n e r s y  S o u r c e .  The r a d i a n t  e n e r g y  s o u r c e  ( T a b l ~  11) 
s h o u l d  be i n  t h e  o r d e r  of a t  l e a s t  5 14W t h e r n l a l  . The max i mum 
el- lergy f l u x  o n  t h e  s t e a m  g e n e r d t o r  s h o u l d  b e  a t  l e a s t  'I w / ~ q .  
m e t e r  i n  o r d e r  t o  s i m u l a t e  t h e  i n c i d e n t  e n e r g y  f r o m  a  c o l l e c t o r  
s y s t e m .  The s y s t e m  mus t  b e  a b l e  t o  s u s t a i n  e n a r g y / f l u x  l e v e l s  
f o r  p e r i o d s  s u f f i c i e n t  t o  e s t a b l i s h  s t e a d y  s t a t e  o p e r a t i o n s .  Thl3 
i r r a d i a t e d  a r e a  (beam) m u s t  b e  of s u f f i c i e n t  s i z e  t o  c o v e r  t h ?  
s t e a m  g e n e r a t o r  h e a t i n g  s u r f  a c e s .  It i s  e s t i m a t e d  t h a t  a  beam of  
a p p r o x i m a t e l y  5 sq .  m e t e r s  may b e  n e c e s s a r y .  

T h e r e  a r e  . r a d i a n t  e n e r g y  r e q u i r e m e n t s  wh ich  a r e  y e t  
u n d e f i n e d .  T h e s e  i n c l u d e  a  r e q u i r e m e n t  t o  b e  a b l e  t c  F r o v i d e  a  
u n i f o r m  i n c i d e n t  f l u x  a c r o s s  t h e  e n t i r e  t e s t  a r e a  t o  w i t h i n  kTBD.  
A d d i t i o n a l l y ,  t h e r e  w i l l  be  a  r e q u i r e m e n t  t o  .vary  t h e  f l u x  l e v e l  
f rom z e r o  t o  t h e  maximum l e v e l  i n  a  c o n t i n u o u s  manner,. The  rat^ 
o f  c h a n g e  o f  t h e  i n t e n s i t y  w i l l  b e  d i c t a t e d  by c o n s i d e r a t i o r - 1 s  
s u c h  a s  t h e  s i m u l a t i o n  of  c l o u d  movement a c r o s s  t h e  c o l l e c t o r  
f i e l d .  iln a d d i t i o n a l  r e q u i r e m e n t  is t o  . b e  a b l e  t c  c c n t r o l  
d i s c r e t e  s e c t i c n s  o f  t h e  beam i n d e p e n d e n t l y  o f  e a c h .  o t h e r .  T h i s  
w i l l  e n a b l e  h e a t i n g  o f  v a r i o u s  s e c t i o n s  o f  t h e  s t e a m  q e n e r a t o r :  
i n d e p e n d e n t l y  o f  t h e  o t h e r  s e c t i o n s .  

. . 
The h e a t  l o a d  s h o u l d  be p rog rammable .  T h i s  w i l l  a l l o w  t h e  

d e v e l o p m e n t  of h e a t  l o a d  t a p e s  a n d  w i l l  o b v i a t e  l l t u r n i n o  k~;obs ' '  
d u r i n g  t h e  t e s t .  The s y s t e m  must .  be c a l i b r a t e d  so t h a t  h e a t  
f l u x e s  a r e  known a t  b o t h .  t h e .  t e s t .  - f a c i l i t y / s t e a m  g e ~ e r a  t o r  
i n t e r f a c e  a n d  d i r e c t l y  a t  t h e  t u b e  s u r f - a c e .  

. I n s t r u m e n t a t i o n .  --------------- It i s  b e l i e v e d  t h a t  a t  t h i s  p o i r r t  i n  the 
p x q r a m ,  o n e  m u s t  p r o v i d e  a s  much i n s t r u m e n t a t i o n  ( T a b l e  111) a s  
p o s s i b l e .  The  s t e a m  g e n e r a t o r  c o n t r a c t o r  m u s t  p r o v i d e  a l l  
i n s t r u m e n t a t i o n  ~ h y s i c a l l y  a t t a c h e d  t o  h i  s t e s t  a r t i c l e .  T h e  
t e s t  f a c i l i t y  m u s t  be a b l e  t o  p r o c e s s  t h e  d a t a  f r o m  the 
c o n t r a c t o r '  s m e a s u r i n g  i n s t r u m e n t s ,  and a l s o  measuxe  and  p r o c e s s  
d a t a  d e f i n i n g  t h e  t e s t  f a c i l i t y  p u r f o r m a n c ~  d u r i n g  t es t .  . 

The  i n s t r u m e n t g t i o n  w i l J  c o n s i s t  o f  i tems s u c h  a s  F r e s s u r e  
g a u g e s ,  t h e r m i s . t o r s ,  flow meters ,  r a d i o m e t e r s ,  and  s ' t r a i n  g a u g e s .  



T a b l e  11. K a d i a n t  Energy S o u r c e  

e Minimum E n e r g y  L e v e l  
Plaximum I n t e n s i t y  ( a t  l e s s t )  
Beam S i z e  ( A ~ p r o x i m a t e 1 ~ )  
Beam F l u x  C h a r a c t e r i s t i c s  

- U n i f o r m i t y  
- V a r i a b i l i t y  
- F a t e  o f  Change 
- Number o f  D i s c r e t e  Un i fo rm 

C o n t r o l l a b l e  S u b s e c t i o n s  
W i t h i n  Eeam 

~ e q u i r e m e n t  f o r  Programmed 
C o n t r o l  o f  I n d i v i d u a l  
S u b s e c t i o n s  
C a l i b r a t i o n  P e q u i r e m e n t  

- F l u x  a t  G e n e r a t o r  S u r f a c e  
- F.1.u~ a t  G e n ~ r a t o r  I n t e r f a c e  

5 M W  
1 MWsq. m. 
5 s q .  m .  

tTBD 
0  t o  a t  l e a s t  '1 MGJ/sq m 
TBD W/sq m - sec 

TBD 

Yes 

T a b l e  111. I n s t r 3 m e n t a t i o n  

P r e s s u r e  G a g e s  
T h ~ r m i s t o r s  
Flow Meters 0  t o  12000 l b / h r  

C o m ~ r e s s e d  Ka t e r  
S team 

C a l o r i m e t e r s  
S t eam m a l i t y  

K a d i c r n e t e x s  
Hea t  Leak 
R a d i a n t  E n e r g y  

S t r a i n  Gages 
High  T e m p  r a  t u r e  

R e c o r d e r s  
D i g i t a  1 
S t r i p  
Gags  
S t o r e d  T a p e  

W a t e r  P u r i t y  Mea s u r e m e n t  

a p p r o x i m a t e l y  1000  c h a n n e l s  

Programmed Heat  Load 
P r o c e s s  P l a n t  Type Water  F low c o n t r o l '  S y s t e m  
Cons t a i ? t  Head V a r i a b l e  Speed  Pump 
I n l e t  and  O u t l e t  F low C o n t r o l  Based on T e m p e r a t u r e  



~ l s o  t e s t  e q u i p m e n t  s u c h  a s  s t e a m  q u a l i t y  c a l o r i m e t e r s  a n d  w a t e r  
p u r i t y  m o n i t o r i . n g  a p p a r a t u s  w i l l  be n e c e s s a r y .  . D a t a  s h o u l d  h ?  
d i s p l a y e d  i n  d i g i t a l  r e a d - o s l t s ,  s t r i p  c h a r t s ,  a n d  g a u s s s ;  t h p  
d a t a  s h o u l d  a l s c  b e  s t o r e d  on t a p e .  A measurement  c a p a b i l i t - y  i n  
t h e  o r d e r  o f  1000  c h a n n e l s  may be n e c e s s a r y .  

C o n t r o l  S ~ s t e m .  The p r i m a r y  c o n t r o l  r e q u i r e m e n t s  arc- t h e  
p r o v i s i o n  t o  p r c g r a m  t h e  h e a t  l o a d ,  and  t o  c o n t r o l  w,at.er f l o w  
r a t e s  t o  s i m u l a t e  v a r i o u s  e x i t  f l u i d  t e m p e r a t u r e  a n d  p r e s s u r p  
c o m b i n a t i o n s  w h i c h  a r e  r e q u i r e d  t o  s i m u l a t e  a c t u a l  o p r a  t i o n a  1 
c o n d i t i o n s ,  b o t h  s t e a d y  s t a t e  a n d '  t r a n s i e n t .  



The o b j e c t i v e  of  the C o l l ~ c t o r  S u b s y s t e m  3 e s c a r c f 1  
~ x p r i m e n t s  i s  t o  a s s u r e  t h a t  t h e  c o l l e c t o r  s u b s y s t e m  e q u i ~ m c n t s  
c a n  be p r o d u c e d ,  i n s t a l l e d ,  and  o p e r a t e d  i n  a c o s t  t . f f ec t . i vc .  
manner .  The s u b s y s t e m  w i l l  c o n s i s t  o f  many r e f l e c t i v l '  u n i t s  
( h e l i o s t a t s )  , e a c h  c a p a b l e  of c o n t i n u o u s l y  d i r e c t  i r ~ g  t h ~  

r e f l e c t e d  r a y s  o f  t h e  s u n  t o  t h e  a b s o r p t i v ~  s e c t i o n s  of  t h o  
r e c e i v e r .  T h e s e  u n i t s  w i l l  c o n s i s t  of t h r e e  b a s i c  componen t s  : 
(1) r e f l e c t i v e  s u r f a c e  (s) , (2)  s u p p o r t i n g  s t r u c t u r e  a n d  mount ,  

and (3) . c o n t r o l  l o o p  a n d  d r i v e  mechanism.  The s p e c i f i c  d e s i g n  
f e a t u r e s  o f  t h e  s u b s y s t e m  are i n t i m a t e l y  c o r r e l a t e d  w i t h  t h o s e  o f  
t h e  r e c e i v e r  a n d  an  e f f e c t . i v e  d e s i g n  b a l a n c e  b e t w e e n  t h e s e  t w o  
s u b s y s t e m s  i s  r e q u i r e d  f o r  a n y  o p t i m i z a t i o n  o f  t h e  C e n t r a l  
R e c e i v e r  POCE F r e l i m i n a r y  Des i g n .  S i n c e  t h e r e  seem t c  b e  n o  
s i g n i f i c a n t  t e c h n o l o g i c a  1 d e v e l o p m e n t s  ( e x c e p t  p e r h a p s  m a t ~ r ' i a l  
l i f e t i m e s )  r e q u i r e d  t o  a c c o m p l i s h  a  c o l l e c t o r  s u b s y s t e m  d e s i g n ,  
t h e  t e s t i n g  o b j e c t i v e ,  a s  s t a t e d  a b o v e ,  i s  o n e  o f  c o s t  
e f f e c t i v e n e s s  f o r  t h e  t o t a  1 s y s t e m  d e s i g n .  T h e r e f o r e ,  t h g r ~  
seems t o  be  little n e e d  f o r  e x o t i c  o r  h i g h l y  s p e c i a l i z e d  o ~ t i c a l  
l a b o r a t o r y  t e s t  f a c i l i t i e s ,  o r  o r i g i n a l  a n d  ~ x h a u s t i v ~  
p r o c e d u r e s ,  beyond t h a t  n e c e s s a r y  t o  e s t a b l i s h  c o m ~ l i a n c e  w i t h  
t hos e s p e c i f i c a t i o n s  d e r i v e d  f  rom r e c e i v e r / c o l l e c t o r  
c o m p a t i b i l i t y .  Each o f  t h e  p o s s i b l e  r e c e i v e r  c o n f i g u r a t i o n s  w i l l  
i m p o s e  p a r t i c u l a r  s p e c i f i c a t i o n s  on t h e  c o l l e c t o r  c o n f i g u r a t i o n  
such  a s :  r e f l e c t e d  image  s i z e ,  f l u x  d i s t r i b u t i o n ,  p o i n t i n g  and  
t r a c k i n g  a c c ~ i r a c i e s ,  e t c ,  An i n t e r f a c e  o f  c o n c e r n  can b e  
e x p e c t e d  be tween  t h e  r e f l e c t i v e  s u r f a c e  (s) a n d  t h e  s u ~ ~ o r t i n u  
s t r u c t u r e  w h i c h  may ~ r o d x e  v a r i a b l e  image  d i s t o r t i o n s  due t o  
t e m p e r a t u r e ,  i n e r t i a ,  s a g ,  wind ,  E ~ C .  

The rma l  S t c r a g s  ------------ 

The o b j e c t i v e s  o f  t h e  T h e r m a l  S t o r a g e  S u b s y s t e m  R e s e a r c h  
E x p e r i m e n t s  . a r e  s i m i l a r  t o  t h o s e  f o r  t h e  F e c e i v e r  S u b s y s t e m  
( S e c t i o n  2 . 1 ) .  The  T h e r m a l  S t o r a g e  S u b s y s t e m  s h o u l d  F r o v i d e  a n  
e f f i c i e n t  econorr . ica1 method t o  smooth o u t  s y s t e m  t r a n s i e n t s  a n d  
e x t e n d  t h e  power p l a n t  o p e r a t i o n  i n t o  p e r i o d s  o f  r e d u c e d  
i n s o l a t i o n .  T h e  T h e r m a l  S t o r a g e  Su b s y s t e m  c o n f i g u r a t i o n  w i l l  bo 
d i r e c t l y  i n £  l u e n c e d  by t h e  r e c e i v e r  o u t p u t  c h a r a c t e r i s t i c s  a s  
w e l l  a s  t h e  r e q u i r e m e n t  f o r  s u s t a i n i n g  e n e r g y  f l o w  t o  t h e  t u r b i n e  
g e n e r a t o r  d u r i n g ' p e r i o d s  of  i n a d e q u a t e  r e c e i v e r  o u t p u t .  Whereas 
t h e  e n e r g y  s o u r c e  f o r  t h e  r e c e i v e r  t e s t s  is r a d i a n t  h e a t ,  the 
e n e r g y  s o u r c e  f o r  t h e  T h e r m a l  S t o r a g e  t e s t .  model '  o r  module  s h o u l d  
s i m u l a t e  t h e  o u t ~ u t  o f  t h e  r e c e i v e r  (see F i g u r e s  1 , 2 ,  a n d  3 ) .  



3 .0  FACILITY X E V I E W  

The f a c i l i t i e s  w h i c h  h a v e  Seen i d e n t i f i e d  as p o t c r i t i a l l y  
p r o v i d i n g  some u s e f u l  c a p a b i l i t y  f o r  t h e  r e c e l v e r  model  o r  m o d u l ~  
t e s t s  f o r  t h e  C e n t r a l '  R e c e i v e r  P r o j e c t  may b e  c l a s s i f i e d  i n  t .hrefi  
c a t e g o r i e s :  ( 1 )  S o l a r  F u r n a c e s ,  ( 2 )  S o l a r  S i m u l a t o r s ;  and 
(3 )  High  F l u x  R a d i a n t  Hea t  F a c i l i t i e s .  

(1 ) S o l a r  f u r n a c e s  c o n c e r i t r a t  e t h e  s u n 1  s r a d i a n t  e n e r g y  
i n t o  r e l a t i v e l y  s m a l l  t e s t  vo lumes  a n d  p r o d u c e  v e r y  h i g h  
t e m p r a t u r e s  ( a t  l e a s t  4 0 0 0  d e g r e e s  K )  a t  t h e  c e n t e r  o f  t h e  t e s t  
vo lume .  

T h e r e  a r e  t w o  s o l a r  f u r n a c e s  w h i c h  h a v e  b e e n  i d e n t i f i e d  
f o r  u s e  i n  t h e  NSF t e s t  progrm,  o n e  i n  s o u t h e r n  F r a n c e  a n d  one a t  
w h i t e  S a n d s  ~ i s s i l e  Range  i n  New 1 4 e x i c O .  The basic c a p a b i l i . t i e s  
of  t h e s e  f a c i l i t i e s  a r e  summar ized  i n  T a b l e  I V  w i t h  morP d e t a i l e d  
i n f o r m a t i o n  c o n t a i n e d  i n  S e c t i o n s  3 . 1 ,  1 and 3. 1.2. The  S o l a r  
F u r n a c c s  were d e v e l o p e d  and  d e s i g n e d  t o  p r o d u c e  a v e r y  h i g h  s o l a r  
f l u x  i n  a  l i m i t e d  t e s t  volume. The  F r e n c h  f a c i l i t y  h a s  a  r a t e d  
c a p a c i t y  of 1 Mhth a n d  i s  b e i n g  a d a p t e d  t o  t e s t  e a r l y  c o n c e p t s  o f  
a  c a v i t y  r e c e i v e r .  The  W h i t e  Sailds F u r n a c e  h a s  a  c a ~ a c i t y  of 
a p p r o x i m a t e l y  3 5  KWth and  i s  l i m i t e d  t o  s m a l l  a r e a  m a t e r i a l  and 
componen t  t e s t i n g .  

(2 )  S o l a r  S i m u l a t o r s  a r e  d e s i g n e d  a n d  u s e d  t o  s i m u l a t e  t h p  
s o l a r  s p e c t r a l  r a d i a t i o n  w i t h  c o n c e n t r a t i o n s  much lower t h a n  t h a t .  
r e q u i r e d  f o r  r e c e i v e r  module  t e s t i n g .  T h e r e  a r e  many o f  t h e s e  
f a c i l i t i e s  v a r y i n g  f r o m  m ~ d e s t  c a p a b i l i t i e s ,  s i z e ,  and  power, t o  
l a r g e  u n i t s  w h i c h  p r o v i d e  s p a c e  s i m u l a t e d  c o n d i t i o n s  f o r  t h e  
s t u d y  o f  t h e r r r a l  r e s p o n s e s  of  e n t i r e  l a r g e  s p a c e  v e h i c l e s .  Even 
t h o u g h  t h e s e  l a r g e r  f a c i l i t i e s  h a v e  h i g h  power  c a y : a b i l i t i e  s 
(1. e ,  some q r e a t e r  t h a n  7 M W ) ' ,  t h o  flux l e v e l s  o f  i n c i d e n t  
r a d i a t i o n  o n  t e s t  s u r f  a c e s  i s  s i g n i f i c a n t l y  be low t h a t  r equ i r ed  
f o r  o p e r a t i o n a l  t e s t s  o f  r e c e i v e r  m o d u l e s  o r  m o d e l s .  Some u s e  o f  
t h e s e  f a c i l i t i e s  may be  made a t  t h e s e  l o w e r  f l u x  l e v e l s  t o  v e r i f y  
m a t e r i a l s  f o r  s u r f a c e  a b s o r ~ t i o n  and  r e f l e c t i v i t y .  By u s e  o f  
o p t i c a l  c o l l e c t o r s  or c o n c e n t r a t o r s ,  h i g h  f l u x  l e v e l s  c a n  b e  
a t t a i n e d  o v e r  r e l a t i v e l y  s m a l l  a r e a s .  I n  t h i s  r e s p e c t ,  t h e s e  
f a c i l i t i e s  s u f f e r  t h e  s a m e  l i m i t a t i o n  a s  t h e  s o l a r  f u r n a c e  at .  
W h i t e  S a n d s .  T a b l e  V summar i zes  some o f  t h e  c a p a b i l i t i e s  o f  a  
f e w  s o l a r  s i m u l a t i o n  f a c i l i t i e s .  A d d i t i o n a l  i n f o r m a t i o n  may be 
f o u n d  i n  S e c t i o n s  3 .1 .3  t h r o u g h  3 . 1 - 6 .  

(3 )  R a d i a n t  h e a t  f a c i l i t i e s  h a v e  b e e n  d e v e l o p e d  t c  ~ r o d u c e  
h i g h  t e m p e r a t u r e s  t o  s i m u l a t e  v a r i o u s  e n v i r o n m e n t s  o f  n u c l e a  r 
b u r s t s ,  r e - e n t r y  h e a t i n g ,  f i r e s ,  e t c . ,  and  t o  s t u d y  t h e i r  e f f e c t s  
o n  m a t e r i a l s ,  c o m p o n e n t s ,  and f u e l  a s s e m b l i e s .  T h e s e  h i g h  f l u x  
v a l u e s  a n d  h i g h  t e m F e r a t u r e s  a r e  a c h i e v e d  w i t h  q u a r t z  l amp  banks  
f o r  f l u x  l e v e l s  u p  t o  a p p r o x i m a t e l y  1 0 0  B t u / s q  f t - s e c  ( 1  13  W / s q  
cm) a n d  w i t h  g r a p h i t e  r a d i a n t  h e a t e r s  a p p r o a c h i n g  5 0 0  ~ t u / s q  f t -  
sec. Match o f  t h e  r a d i a t e d  e n ~ r g y  i s  i n  t h e  I. F. and  d o e s  n o t  
s i m u l a t e  t h e  s o l a r  s p e c t r u m .  However, t h e r e  se?ms l i t t l e  h o p ,  
s h o r t  o f  t h e  POCE p i l o t  p l a n t  o r  a  s p e c i a i  s o l a r  t h e r m a l  t e s t .  
f a c i l i t y ,  o f  m a t c h i n g  t h e '  s o l a r  s p e c t r u m  a t  t n e  h i g h  e n e r g y  
l e v e l s  r e q u i r e d  t o  d e m o n s t r a t e  t h e  f e a s i b i l i t y  o f  r e c e i v e r  



Table I V .  ~ o l a ' r  F u r n a c e s  

* The i n d i v i d u a l  l i s t e d  provided n o s t  of t h e  in fo rmat ion  

. . 

l i s t e d  and i s  n o t  neces sa r i l y  associa ted d i r e c t l y  w i t h  . .  c .  the ownership o r  ope ra t i on  af the f a c i l i t y .  

Dimens ions :  
F e e t  ( M e t e r s )  

Hel ios  t a t s  

 umber of He l i o s t a t s  
S i ze  of He l i o s t a t s  
N u m b e r  of M i r r o r s  p e r  

He l i o s t a t  
M i r r o r  S i ze  
N u m b e r  of He l i o s t a t  M i r r o r s  
To t a l  .Hel ios ta t  M i r r o r  A r e a  

C o n c e n t r a t o r  

~ b n f i ~ u r a t i o n  
S ize  
F o c a l  Leng th  
N u m b e r  of M i r r o r s  
M i r r o r  S i ze  . 

M i r r o r  .configur 'a t ion 

To t a l  M i r r o r  A r e a  

F l u x  Dis t r ibu t ion  (See F ig .  4 )  

N o r m a l  to Opt ica l  Axis  
a t  F o c a l  P l ane ,  Dis tance  
f r o m  Op t i ca l  Ax i s  

Along Opt ica l  Ax i s ,  Dis tance  
f r o m  F o c a l  P l ane  

Sys  tern Cooling 

In s t rumen ta t i on  

Data Handling 

Contac t  * 

R e f e r e n c e s  . 

CNRS IhlW 
Odeillo -Font  Romeu 

F r a n c e  

6 3 
19 .7  X 24.6 (6 X 7 . 5 ) .  . 
180 

1 . 6 4 X  1 .64  ( 0 . 5 X 0 . 5 )  
11, 340 ' 
30, 515 (2, 835) '., 

Pa rabo l i c  
131 X 177 (40 X 54) 
59 (18) 
9.500 
17.7 X 17.7 (0 .45  X 0 . 4 5 )  

F l a t  panes bent  by 
mechan i ca l  cons t r a in t  
to m in imize  image  s i z e  
20 ,707  ( 1 , 9 2 3 )  

1600 w / c r n 2 @  -1 cm.  
1200 N'/crn2@ -6 c m  
800 JV/cm2@ -10 c m  
400 ~ / c m : @ - 1 5  crn 
160 W l c m  @ -23 c m  ' , 

1600 lV/cm2 @ -1 c m  
1200 w / c m 2  @ - >iO c m  
800 VJ/cm2 @-a <14 c m  
400 IV/cm2 @ -  >2 l  c y  

M r .  J . D .  Walton, J r .  
(404) 894-3661 

Solar  Ene rgy ,  1973, 
Vol 15, pp 57-66,  "High 
T e m p e r a t u r e  So l a r  
Energy ,"  Engineer ing  
Expe r imen t  Stat ion,  , 

Georg i a  Lnstitute o f  
'l 'echnology 

U .  S. A r m y  Nuc l ea r  
Weapon E f f ec t s  Lab .  

White  Sands  h l i s s i l e  R n n g c  
New Mexico  (35 K W ) .  

1  
36 X 40 (11 X 12 .2 )  
356 . . . 

2.03  X 2 .03  (0 .62  X 0 . 6 2 )  
356 
1 , 4 7 2  (137)  

s p h e r i c a l  
28 X 28  (8 .5  X 8 .5 )  
35.7 (10 .9)  
180 

.9O @ 2 4 . 4  X 24 .4  (0 .62  X 0 .62 )  
90 @ 25 .2  X 26 (0 .64  X 0 .66 )  
Sphe r i ca l  

781 (?2.'6) 

400 TV/cm2 @ - > l  c m  
200 ~ / c m : @  - <5 c m  
100 W / c m  @ - <6 c m  

50 ~ / c m ' @  - <65 m m  

2 400 W / c m  @ -4 c m  
200 V?/cm2 @ -13 c m  
100 ~ / c m ;  @ -22 crn 

50 W / c m  @'-27 c m  

M r .  M a r v i n  S q u i r e s ,  
(915) 678-1161 

" E x p e r i m e n t e r ' s  ~ u i d e "  
f o r  t he  N u c l e a r  Weapons 
E f f ec t s  Labo ra to ry ,  a t  
White Sands  M i s s i l e  
Range ,  :Sect ion 10,  
S o l a r  E n e r g y ,  Vol 1,. 
No. 2 , 3 ,  1957, . 
pp 16-22  

V i s i t  19, N o v e m b e r  , f 974  



nepth of Focus (cm) 
( a )  C X R S  1000 hY S o l a r  Furnace 

o i u  a3 30 
D o p r h  of Focus (cm) 

(b)  U. I .  Army 35 W S o l a r  Furnace 

F i g u r e  4 .  Image  C o n t o u r s  i n  H o r i z o n t a l  P l a n e  

T a b l e  V. S o l a r  S i r n d l a t o r s  

NASA-Leusrs 

Arnold Engineering R e s e a r c h  C e n t e r  

Development Center  
Solar  Ths rmal  

S imula tor  S imula tor  

J P L  P a s a d e n a  

---. -- 
I. 11 M\Ve 

37 - 30 K:\' 
Xenon l a m p s  

20 irr Jia. 

- I  I  s u n s  @ 
20 in dia.  

M r . H . S u r m a n  
Ri i se  

( 2 1 3 )  354-2049 

P o w e r  

T y p e  

T e s t  A r e a  

F l u x  Levels  

L-.atrumentation 
Data Chance ls  

W a t e r  Flow 
Available 

Contac t  

Reference 

' ' 

C. E. 
.Valley F o r ~ v  
Space C o n ~ c r  
.,\uro!hirn,nl 
T e l l  Facil i ty 

740 K\Vc 

148 - 5 K\V 
Sonon a n .  

Up l o  15 fl  dia. 

- 30 suns  t s ~ '  
I 6  in J ia .  

- 100 S L I I ~ S  I*;' 

8 in dia.  

000 fur 
T h e r m n ~ r o u p l r s  

htr .  R.  G. 
Shoulllr rg 

(? IS)  Pi~Z-Pnnp 

C. E. Valley 
F o r ~ e  

"Envi ronrnr : \~a l  
S inula t ion  
and Teat  
Capa' l i l i t i rr"  

- - 7 MWe 

l  KW Tungs ten  
l a m p s  

I b  ft dia.  x 
3 7  ft 

- 2  w l c m 2  

000 K\Ve - 
SO c h a n n e l s  

@ 15 rtw 

T - 3  q u a r t z  

1-2 Suns  

M r .  David Anderson 
( A e r o  h c . )  
(615) 455-2661 x i 7 4 1  

"Teot Highlighta" 
AEDC August  1974 
" T e s t  F a c i l i t i e s  Handbook" 
AEDC May 1974 

I-iO K'Ne 

7 - 20 KW 
Xenon a r c  

A s r o r p a c c  
Chiiitlib i 
8 ft dia.  x 
8 ft high 

- LO suns  

M r .  Harvey  Bloomficld 
Mr.  Roy P i c k r e l l  
(216) 433-4000 x 6733 

NASA TMX-68042 
"400 Kilowatt Argon Arc  

L a m p  f o r  Solar  Simulation' '  

450 K\V D. C. 
a r c  larnpc 

50 KW output 

Arc l a m p s  

Up to  450 i t2 

1 s u n  8 450 11' 
- 1000 suns  @ 

I 8  in dia.  



d e s i g n s .  T h e r e f o r e ,  t h e s e  l a r g e  r a d i a n t  h e a t  f a c i l i t i e s  se?m t o  
o f f e r  a comprcr r i se  of  c a p b i l i t i e s  f o r  t e s t i n g  t h e  l a l - 9 0  
c o m p o n e n t s  o r  modu le s  o f  t h e  p r o p o s e d  r e c e i v e r s .  T a b l e  Vi 
s u m m a r i z e s  c h a r a c r ~ r i s t i c s  of t h e  r a d i a n t  h e a t  f a c i l i t i e s  
i d e n t i f i e d  i n  t h i s  r e p o r t .  A d d i t i o n a l  i n f c r m a t i o n  may be found  
i n  s e c t i o n s  3.1;7 t h r o u g h  3.1.10.  



Table V I .  Radiant Heat F a c i l i t i e s  

I ' o w e r  

To ta l  Input: 

Steady State 

Peak T rana len t  

To ta l  De l i ve red  t o  Teat  
A r e a  

Xad ia to r  Type i s )  

b lax i rnunt  F l u x  Dens l ty  a t  
Tes t  (Steady State) 

htaxlrnunrr\ 'Test A r e a  ( D e s m  
mizel ((@ 100 \v /crnZ)  

F l l l x  I ) i s t r i l ~ u t i a n  Con t ro l  

Nulnber o f  U c a m  
Sul~aect iona 

F l u x  Uni lorn~ i ty !Subsect ion 

T lux  V a r i a l ~ l l l t y I S u l ~ s e c t i ~ ~ n  

F l u x  Rate o l  Va r i a t i on1  
Sul,section 

Ca l i b ra t i on  h1c:hod 

l l e a t  h l a n n ~ c l n e n t  

Work ing F l u i d  F l o w /  
Qua l i t y  

Coo l i ng  Sys tem F l o w 1  
Heat  Re jec t i on  

Sandia I ,aboratorics 
A lbuqs~erque.  New btexicc 

LO M W e  l o r  40 s e c  
I t r a n o l a r m e r  l i r n i t r d l  

T - 3  Quar t r .  Latttpm 
Graphi !e  rad ian!  

> I00  \ ~ l c n > ~  (Qua r t z )  
>400 \ V / C ~ T ~ ~  (Graphi te)  

Power l i r#> i led.  "teat i t em ,  
u p  to 17' h i gh  can Ix 
scco r t~~noda tcd "  

8 channele o l  3  phase 
l gn i t r on  Tuhe C o n l r o l l c r s  

? 

F o r  T -  3 Qua r t z  Lsnrps:  
t o  7570 rad ia t ion in 2-3 s r c  
cn: t o  10% r r d i a t i o n  i n  
2 -3  eec o l l  

7 

-700 g p m  
C l o s r d - l o o p  wa te r  byatem 

w i t h  350.000 ga l .  s t o r -  
age  tank 

4. 203, 000 e t t ~ l h r  coslin, 
to\ve l 

NASA Zl igl l t  I I ~ ~ ~ ~ ~ ~ ~ - ,  center 
Edwards.  CaMlorn ia  

"Signif icant ove r l oJd  can be 50 hl\ ' le l o r  5  nnin 
t o l e ra ted  l o r  sho r t  pcriocls" 

USAF  F l i ph t  Dynamic *  Lah 
\ V r i g l ~ t  Patterson A F B  

Dayton. Olsio 

2.3 hlIVc lhnaIn6 C o n t r o l l e r )  

~ , ~ ~ \ ~ J ~ ~ ~ ~ t l J ~ i g i t a ~  c o n t r .  

Qua r t z  Lampe 
Graph i t e  rad iant  

23 M W c  

> I00  \V lcrnb (Quar tz)  I >IOO ~ i c n , '  

? 4  u.ith Analog C o n t r e l l c r s  
I lRn i l ron po,*.er r epu l3 to ru )  
512 w i t h  Digital Control lere. 
ISo l id  Stale S C n l  

Z e r o  to n ~ a r i n l c n ,  vata.:s 

D ~ r n i n ~ r a l i z i n p  plant. 2  !led 
s y s t e m  designed l o r  con t i n -  
uous o7e ra t i on  01 40 Rpnl 

G r i d  F l u x  Con t ro l  
80 channels o l  580 K V A  each 
I c n i t r o n  I'ower C o n t r o l l e r s  

? 

T h c r n t o c u u ~ l e ,  IceChask 
I l e a l  f lux  vensor i eed tock  

7 

? 

A i r  C i r cu la t i on - -n r ,  spec i f i c  
heat r e j ec t i on  sys tem . 
ident i f ied 

34.5 hlWe:fo,r 60 s c c  
I t ran~h, rn ;er  lin,itccl) 

h l cDon re l l  A i r c r a f t  C o .  
St. L,ois, hlissou:; 

2  coo l ing systems 
I -h00 E F J N  - 4.4 .; 106 

Utu/l .  r 
2-3440 p p m  - 1.0 x l o 7  

n t u l t r  

T - 3  011:sr l :  Lnnlpa 
Graph i t e  r ed ian t  

- I l l 0  \ v / ~ , ~ ~  (Quartz.) 
>SO0 ~ l c n , ~  (Graphi te)  

NASA J.S.C. 
llouslo,,, 

T - 3  Qua r t z  I.anlps 
Graph i t e  rad iant  

Rockwe l l  I n t e rna t i ona l  
Dou.ney. C a l i l o r n i r  

(NASA J .  S. C. Ou.nrdl 

T - 3  Qua r t z  I.arr>pa 
Graph i t e  rad iant  
(nu pcrnnanrnt  I t c a t r r  
ar rays,  f l ex i b l e  r n n k e  .alp 

"Up to 32 r:2'q (power  l i r , i t e d l  -50 l t 2 ,  i .e.,  
6 '  x R '  . . 

3 channels of "Em l p n i t n n  
54 cllanne!: o f  "U" I q n i h 2 n  
57 Tota l -Saparate  C o n t m l  

Z e r o  l o  rnan i r twnl  p e r  h ~ a t e r  

Con f i qu rs t i >n  llepentlent 
- 5 C ~ O ' I ~ l c n  p e r  sec 
(see c u r v e  Fip 25) 

300 gpn l  8 0  p s i  
I 2 0  gpn, @ 1000 ps i  
I l c c i r c u l a t e  condi t ianct l  r a t e r  
I? tn ip- thru  I l c s t  exchsnp t r  

Tl>crn>oco:wle feedback 
I l e a l  i l u x  a-nsur I fadback 

I l e a l  exchanger - tul,e/t:nk Heat exchanger Cool inq tou.er -100 p s i  
int irke l r o m  wa te r  n u i n  - systen*  l o r  heat qnrl LOO g p m  
d i scha rge  t r  aewer  r e j ec t i on  i n  a l t i -  

9 

tude c l~aonber  I 



Table  V I .  (Cont inued)  

l l o n e y w t l l  D D P - 1 1 6  
h l i d w r a t e r n  Mod 9000 T a p e  

Deck 
V e r m o r t  Ree  &d 108A.  

Magnet ic  Druml 
A s t r o d z t a  A to D C o n v e r t e r  
A S R - 3 5  T y p e w r i t e r  
hlohawk Data Science8 432C 

s o n d i a  ~ ~ ~ o ~ ~ t ~ ~ i ~ ,  
Albuquzrque.  New h l e x i c o  

p r i n t e r  
Sorobon htod 6COZ c a r d  

r e a d e r  

C a l o r i m e t e r s  
R a d i o ~ r c t r r e  
Thcr t t lncouplea  
S t r a i n  z a g e s  

NASA F I I ~ ~ , ~  X r s e a r c h c e n t e r  
E d w a r d s .  Cal i fornia  

5 0 , 0 0 0  l b l h r  a d e a n r  @ 
175 ps ig  

100,000 f t 3 / m b ,  o v e r h e a d  
d r a f t  fan 

Ifill l t  p r e n a u r c .  l a r p c  
~ o l u n e  

Ni t rogcn,  Oxygen,  and 
Argo;,  g a s  s tmraxc  

OSAF Fligl't U y n d n l i c s  
Wright  Pat tersozl  A F B  

i 'hyton,  Ohio 

h l r .  P a u l  A d a n s  
(505)  5 6 4 - 3 l 6 T  

1200 m c a s u r c l n e n l  channels 
A t o  D Conver1e;r 
T a p e  Decks - IBhl 360 

9 - t r a c k  f o r m a t  
IDA4 z.60 G e n  I 'urp  Cornp 
20 channel  C R T  d i s p l a y s  

hlcUonnell A i r c r a f t  Co.  
St.  I m u i s ,  h l i s ~ o u r i  

N e a r l y  LOO0 data  c l tannels  

! 

KASA J . S . C .  
Houston,  T e x a s  

320 S t r a i n  g a g e s  
400 ' I h e r ~ ~ r o ~ o u p l e s  
80  pos i t ion  l ransc lucera  

845 (t3/v,,in @ 6 0  
l b  tieclown alotu d?' O.C.  
7 I n s t r o n , e ~ t  \\'ire T r e t ~ c h e s  
7  E l e c t r i c a l  P o w e r  Tren.:hce 
5  Mechanic.l T r c n c h e i  
C l o s e d - C i c l ~ i t  TV hloni tors  
R e m o t e  C o n t r o l  of  t i l t .  pan. 

l o c u s ,  and z o o m  

400 channel  C o n t r o l  Data 
Xcquir i l inn  S y s t e m  

ICO cha.tnel I )ymcc dig i ta l  
m a g n e t i c  tape  

5Cn channel  Mini -data  
~ l i ~ i t a l  n lagnet ic  lvpe  

O~nick-Look p r i n t e r a  

T h r  r inocot#ples  

150 psi s a t u r a t e d  ofcat,, 

N o r m a l  "shop a i r "  a i r  
tools .  CtC. 

Indoor  50 '  high hay a r e a  
~ t r u ; t u r a l  T e s t  jig will3 

r e i n f n r c e d  flow 

M r .  Uick 0.  Dursnt  
i31.11 231-5076 

hl r .  Don T i l t i u n  
(7131 483-2376 
Llr. Uick B r i c k e l  
(713)  4R3-3166 

Rockwel l  Lnternational 
Downey. C a l i f o r n i a  

S C - R R - b 7 - 4 3 9  
"Tl,e S s n d i a  C o r p .  Raaliant 
I l c a l  Taci l i ty8  August 1967 

New. d i g i t a l  ( s t a t e  o l  a r t 1  
7  "s tand a lone"  m i n i  
c o m p u t e r s ,  r e a l  tirrlc 
plotting and d i s p l a y  

-300 c h a n n e l s  of m i l i -  
r o l l  i n s t r u n l r n t a t i o n  - 

h l r .  h l u r r y  Snmppanz 
(2131 9 2 2 - 2 0 6 3  

I 
NAFh Thl  : < - I 8 6 8  
"NASA lligit T e m p e r a t u r e  
Loads Cali1,ration L a h o - a -  
tory"  S e p t r n l h e r  1969 
Vis i t :  19 Drcen,ber  1774 

* The i n d i v i d u a l  l i s t e d  p rov ided  most o f  t h e  i n f o r m a t i o n  l i s t e d  and i s  n o t  n e c e s s a r i l y  
a s s o c i a t e d  d i r e c t l y  w i t h  t h e  ownership  o r  o p e r a t i o n  of t h e  f a c i l i t y :  

" I l i ~ h  Flux.  Iligh T c n l p c r a t u r e  
l l sd iant  I4eat ing--A Ice\.iew of 
Capabi l i ty"  hlay 1974 



The F r e n c h  C N R S  S o l a r  J u r n a c e  3 -  1 -  1  .......................... 

The F r e n c h  so lar  f u r n a c e  i s  l o c a t e d  i n  t h e  P y r e n e c s  a t  
O d e i l l o - F o n t  Romou ( a l t i t u d e ,  5900 f e e t ) ,  a b o u t  20 m i l e s  e a s t  of  
A n d o r r a .  k t  t h i s  l o c a t i o n  t h e  s u n  s h i n e s  a s  many a s  180  days  a 
y e a r  and  s o l a r  i n t e n s i t i e s  a s  h i g h  a s  1000 w a t t s  FPr  s q u a r e  metel: 
a r e  common. T h e  s o l a r  f u r n a c e  &as c o m p l e t e d  i n  1950 a t  .a cost o f  
a b o u t  $2 ,000 ,000 .  

The p a r a b o l i c  r e f l e c k o r  h a s  a  f o c a l  l e n g t h  o f  5 9  f e e t .  (1 8 
meters),  i s  130 f e e t  h i g h  a n d  1 7 5  f e e t  h i d e ,  and i s  composed o f  
9500  mirrors 17.7 i n c h e s  by 17.7 i n c h e s  (1/2 m x 1/2  m ) .  S i n c e  
t h e  p a r a b o l i c  r e f  l ec to r  i s too l a r g e  to  t r a c k  t h e  s u n ,  63 s m a l l e r  
m i r r o r s  ( h e l i o s t a t s )  s e t  i n  e i g h t  t iers a r e  u s e d  t o  f o l l o w  t h o  
s u n  a n d  r e f l e c t  i t s  r a y  i n  p a r a l l e l  beams o n t o  t h e  p a r a b o l a .  The 
h e l i o s t a t s  a r e  24 .6  by 19 .7  f e e t  and  e a c h  i s  composed o f  180 
mir rors  19.7 i n c h e s  by 19 .7  i n c h e s .  

Thc movcmcnt o f  c n c h  h e l i o a t n t  i s  a u t o m a t i c a l l y  g u i d e d  by 
e l e c t r o n i c  c o n t r o l s  o p e r a t e d  by r e f l e c t  f d  r a y s .  The a c c u r a c y  of 
t h e  c o n t r o l  i s  1  min o f  a r c ,  b u t  du2 t o  d i s p o r s i o n  o n  t h e  f l a t  
g l a s s ,  5 min of  a r c  a r e  o b t a i n e d  on t h e  r e f l e c t e d  r a y s .  

A s o l a r  beam of  c o n s t a n t  e n e r g y  i s  d i r e c t l y  h o r i z c n a t l l y  
s o u t h w a r d  t o  a ~ a r a b o l o i d  r e f l e c t o r  of  1 9 2 3  s q  rn i n t e r c e p t e d  
a r e a .  T h i s  p a r a b o l o i d  c o n t a i n s  9500 s i n g l e  q l a s s  F a n e s ,  b e n t  b y  
m ~ c h a n i c a l  c o n s t r a i n t  and a d j u s t e d  t o  r e f l e c t  maximum r a d i a t i o n  
t o  t h e  f o c a l  p l a n e ,  s i t u a t e d  18 m f rom t h e  apex  o f  t h e  ~ a r a b o l a .  
T h e  p r e c i s e  a d j u s t m e n t  o f  t h e s e  t w o  d e v i c e s ,  c o m p l e t e d  on O c t o b e r  
1, 1970  t o o k  a b o u t  t w o  y e a r s .  

R e s u l t s  o f  t e s t s  c o n c e r n i n g  t h e  e n e r g y  r e c e i v e d  a t  t h e  
f o c a l  image  a r e  a s  f o l l o w s :  

( 1) The e n e r g y  c o l l e c t i o n  c l n s ~ l y  arJxees w i t h  
c a l c u l a t i o n s ,  t a k i n g  i n t o  a c c o u n t  the  f a c t o r s  o f  r e f l e c t i v i t y  of 
g l a s s ,  and  t n e  d i s p e r s i o n  d u e  t o  i m p e r f e c t  c u r v a t u r e  o f  mirrors 
a n d  t o  s h a d i n g .  (2)  .Power beyond 1000 kW was o b t a i n e d  w i t h  t h c  
d e v i c e ,  when t h e  i n c i d e n t  s o l a r  e n e r g y  kas more t h a n  0.1 W/sq c m .  
(3) The e n e r g y  c o n c e n t r a t i o n  i n  t h e  c e n t e r  o f  t h e  f o c u s - i m a g e  i s  
e q u a l  t o  b l a c k - b c d y  r a d i a t i o n  a r o u n d  3800 d e g r e e s  C .  

The o r i e n t a t i n y  d e v i c e  ( C o l l e c t o r  s u b s y s t e m ,  F i g u r e s  5 & 6 )  
c o n s i s t s  of 6 3 i n d e p e n d e n t  h e l i o s t  a t s  w h i c h  a r e  au toma t i c a l l y  
o p e r a t e d  by ~ h o t o e l e c t r i c  c o n t r c l  of t h e i r  r e f l e c t e d  r a y s .  The 
d r i v i n g  p a r t s ,  e l e c t r o n i c a l l y  c o u p l e d  w i t h  t h e  p h o t o e l e c t r i c  
c c n t r o l ,  a r e  h y d r a u l i c .  A r e s e r v o i r  o f  o i l  u n d e r  ~ r e s s u r o  
( F i g u r e  6, p o i n t  C )  f u r n i s h e s  t h e  h y d r a u l i c  a z i m u t h  a c t i v a t i o n  o f  
t h e  h e l i o s t a t s .  

Each  h e l i o s t a t  c o l l e c t i n g  s u r f a c . e ,  which  i s  4 5  s q  m ,  i s  
made o f  180 f l a t  g l a s s  p a n e s ,  b a c k - s i l v e r e d  and  c o v e r e d  w i t h  
c o p p e r  and  v a r n i s h .  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  v i t r e o u s  r e f l e c t i o n ,  w h i c h  i s  
i m p o r t a n t  a b o v e  some v a l u e  o f  t h e  i n c l i n a t i o n  o f  t h e  i n c i d e n t  
r a y s ,  c o r r e c t l y  s h a r e s  i n  t h e  l i g h t i n g  o f  t h e  p a r a b o l o i d .  



F u r t h e r m o r e ,  t h e  a r r a n g e m e n t  of  h e l i o s t a t  p o s i t i o n s  a p p r o p r i a t e l y  
a c c o u  ts  f o r  t h e  a p p a r e n t  d i a m e t e r  o f  t h e  s u n .  I n  s u c h  a  way a  
r e f l e c t e d  bean1 wh ich  i s  homcqensous  and  e q u i v a l e n t  t o  t h a t  wl i ich 
would be g i v e n  by o n l y  o n e  l a r g e  o r i e n t a t o r  c a n  b e  a c h i e v e d .  

F i g u r e  7 q i v e s  t h e  d i s t r i b u t i o n  o f  t h e  f l u x  d e n s i t y  o n  a  
v e r t i c a l   lane l o c a t e d  1 8  m f r o m  t h e  a p e x  of  t h e  p a r a b o l o i d .  The  
v a l u e  d_ = 17 c m  ( 6 . 6  i n c h e s )  r e p r e s e n t s  t h e  d i a m e t e r  of  t h e  image  
of t h e  s u n  g i v e n  by a  m i r r o r  of l ow a p e r t u r e  (Gauss  image)  n e a r  
t h e  f o c a l  a x i s .  The e n e r g y  s c a n n i n g  o f  t h e  g e o m e t r i c a l  f o c a l  
v e r t i c a l  p l a n e  on an east-west l i n e  a c r o s s  the f o c a l  a x i s  a i v e s  
t h e  p r o f i l e  o f  d i s t r i b u t i o n  shown i n  F i g u r e  8 ( c u r v e  0) . Behind  
t h i s  p l a n e  a  c o n s i d e r a b l e  d e c r e a s e  i n  t h e  h e a t  f l u x  d e n s i t y  i s  
n o t i c e d  ( c u r v e s  a t  t h e  d i s t a n c e s  d/2 and  f rom t h e  f o c a l  p l a n e ,  
F i g u r e  8 ) .  e 

S i n c e  t h e  ~ a r a b o l o i d  i s  t r u n c a t e d  a t  t h e  b o t t o m ,  t h e  
e n e r g y  d i s t r i b u t i o n  a t  t h e  f o c u s  comes c h i e f l y  f r o m  t h e  s i d e  a n d  
u s p e r  p a r t s  o f  t h e  r e f l e c t i n g  a r e a .  



Figure 5.  S c h e m a t i c  of 1000  kw Solar F u r n a c e  

Figure 6. S o l a r  Furnace  Scheme 
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3 .1 .2  U. S. A r m y  S o l a r  F u r n a c e  

c h a r a c t e r i s t i c s .  The T h e r m a l  E f f e c t s  F a c i l i t y  ( S o l a r  - ------ ------- 
F u r n a c e )  a t  F J h i t e  S a n d s  M i s s i l e  Eange i s  a  s o l a r  f u r n a c e  o f  the. 
f o c u s i n g  t y p e  w h i c h  u t i l i z e s  a n  e f f e c t i v e  a p e r t q 1 r e  t o  f o c a l  
l e n g t h  r a t i o  o f  less t h a r ,  o n € .  I t  c o n s i s t s  o f  f o u r  m a i n  
componen t s :  t h e  h e l i o s t a  t ,  t h e  a  t t e n u a  t o r ,  t h e  c o n c e n t r a t o r ,  and 
t h e  c o n t r o l  a n d  t e s t  chamber .  The  h e l i o s t a t  c o n s i s t s  of  356 
mirrors,  e a c h  2 f e e t  by 2  f e e t  mounted on  a  s t e e l  f r a m e  40 f e e t  
wide a n d  3 6  f e e t  h i g h .  I n  o p e r a t i o n ,  i t  r e f l e c t s  t h e  s u n ' s  r a y s  
t o  t h e  c o n c e n t r a t o r .  The  c o n c e n t r a t o r  c o n s i s t s  o f  180 s ~ h r . r i c a l  
mirrors,  e a c h  a ~ ~ r o x i m a t e l y  2 f e e t  b y  2 f e e t  and mounted  on  a 
s t ee l  f r a m e .  30 f e e t  by 30 f e e t  and l o c a t e d  9 6  f e e t  s o u t h  of the 
h ~ l i o s t a t .  E a c h  m i r r o r  c o m p r i s i n g  t h e  c o n c e n t r a t o r  i s  
i n d i v i d u a l l y  f o c u s e d  t o  c o n c e n t r a t e  t h e  s u n ' s  r a y s  a t  t h e  same 
p o i n t  o n  t h e  f o c a l  p l a n e ,  which i s  l o c a t e d  i n s i d e  t h e  t e s t  and 
c o n t r o l  c h a m b e r .  The  a t t e n u a t o r  w h i c h  i s  l o c a t e d  b e t w e e n  t h e  
t e s t  a n d  c o n t r o l  c h a m b e r  and  t h e  c o n c e n t r a t o r  c o n s i s t s  o f  a  
l o u v e r  s t r u c t u r e  whose blades  c a n  h~ a d  j i i s t ~ i l  to r e g u l a t e  t h o  
amount  o f  s u n l i g h t  r e a c h i n g  t h e  c o n c e n t r a t o r .  The  t e s t  chamber  
which  i s  e i g h t  f e e t  by e i g h t  f e e t  i n  c r o s s - s e c t i o n  no rma l  t o  t h o  
p a r a l l e l  s u n r a y s  f r o m  t h e  h e l i o s t a t  and 1 6  f e e t  i n  l e n g t h ,  
c o n t a i n s  t h e  c o n t r o l s  f o r  t h e  h e l i o s t a t  a ~ d  t h e  a t t e n u q t o r .  T h e  
c o n t r o l  chamber  a l s o  c o n t a i n s  t h e  c o n t r o l s  f o r  t h e  e x p o s u r e  
s h u t t e r  f o r  e x F o s u r e s  a s  s h o r t  a s  0 . 1  s e c o n d  a.nd for t.he slow 
w a t e r  - c o o l e d  s h u t t e r  d e s i g n e d  t o  p r o t e c t  t h e  e x F o s u r e  s h u t t e r  
u n t i l  j u s t  b e f o r e  t h e  e x p o s u r e  i s  made. 

F l u x  Level . .  -------- The t h e r m a l  f l u x  a t  t h e  f o c a l  p l a n e  of t h o  
s o l a r  f u r n a c e  d e ~ e n d s  p r i m r i l y  on  the  amount  o f  r e f l e c t e d  
s u n l i g h t  r e a c h i n g  t h e  c o n c e n t r a t o r .  - T h i s  q u a n t i t y  i s  c o n t . r o l l e d  
b y  the a t t e n t u a t o r .  The  a t t e n u a t o r '  is o p e r a t e d  f.rom t h e  c c n t r o l  
chamber .  T h e  i m a g e  of t h e  s u n  a t  t h e  f o c a l  p l a n e  i s  
a p p r o x i m a t e l y  f o u r  i n c h e s  i n  d i a m e t e r .  The maximum f l u x  
o l - t a i n a b l e  a t  t h e  c e n t e r  o f  t h e  ima'.ge i s  100 c a l / s q  c m  p e r  s e c o n d  
( app rox ima te3 .y  4 2 0  W/sq c m )  a t  t h e  f o c a l  p l a n e .  L a r g e r  e x p o s u r n  
a r e a s  c a n  b e  o b t a i n e d ,  b u t  a t  l o w e r  f l u x  l e v e l s  by d e f c c u s i n g ;  
i . e . ,  moving  away f rom t h e  f o c a l  p l a n e .  

P u l s e  W i d t h .  The s o l a r  r a d i a t i o n  p u l s e  a t  t h e  f o c a l  -- ---- - ---- 
p l a n e  i s  d e t e r m i n e d  by t h e  e x p o s u r e  s h u t t e r .  The l e n g t h  o f  time 
t h e  e x p o s u r e  s h u t t e r  s t a . y s  open  i s  p r e s e l e c t e d  by t h e  o p r a t o r  a t  
t h e  c o n t r o l  c o n s o l e .  I n  a . d d i t i o n  t o  t h e  f a s t  s h u t t e r ,  a  p u l s e  
s h a p e r  c a n  b e  swunc~ i n t o  p o s i t i o n  i n  t h e  c o n v e r g i n g  beam a b o u t  4 0  
i n c h e s  i n  f r o n t  cf t h e  f o c a l  p l a n e .  The p u l s e  s h a p e r  c o n s i s t s  of 
a n  a r r a y  o f  1 6  r a d i a l  v a n e s ,  e a c h  1-1'/2 f e e t  l o n q .  T h e s e  v a n e s  
a r e  d r i v e n  a t  v a r i a b l e  s p s e d  by a  s p e c i a l l y  c o n s t r u c t e d  cam 
c c n t r o l l i n g  t h e  i r r a d ' i a n c e  a t  the ta rge t .  I t  . m o d i f i e s  an 
o t h e r w i s e  r e c t a n g u l . a r  p u l s e  a t  t h e  f o c a l  p l a n e  i n t o  shaped  
t h e r m a l  p u l s e s  c o r r e s p o n d i n g  t o  t h e  r a n g e  o f  n u c l e a r  weapons  f rom 
2 5  k t  t o  t h e  m e g a t o n  r a n g e .  T h e r e  is  some v a r i a t i o n  i n  s h a p e  
o v e r  t h i s  r a n g e  b e c a u s e  of t h e  a c c e l e r a t i o n  o f  t h e  v a n e s  
n e c e s s a r y  t o  p r o d u c e  t h i s  s h a p e .  



E n v i r c n r e n t .  ----------- A g r a p h  of t h e  s o l a r  i r r a d i a n c e  i n  
c a l o r i e s / s q  c m  p e r  s e c o n d  a s  a  f u n c t i o n  of d i s t a n c e  f rom t h o  
irrage c e n t e r  a t  t h e  f o c a l  p l a n e  i s  shown i n  F i g u r e  9 .  T h i s  a r a p h  
was o b t a i n e d  u s i n g  a  r a d i o m e t e r  a t  t h o  s o l a r  f u r n a c e ' s  f o r m e r  
l o c a t i o n  a t  N a t i c k ,  M a s s a c h u s e t t s .  

S i z e  cf E x ~ r i m ~ n t s .  ______ ____ ___ ____ E e c a u s e  o f  t h e  s m a l l  e x p o s u r ?  
vc lume  o f  t h e  t e s t  chamber ,  t h e  d i m e n s i o n  o f  t h e  t e s t  i t e m  a l o n g  
t h e  f o c a l  p l a n e  o f  t h e  s o l a r  f u r n a c e  c a n n o t  be g r e a t e r  t h a n  
a ~ p r o x i m a t e l  y  f o u r  f e e t .  I n s t r u m e n t  a t  i o n  c a b l e s  may b e  b r o u a h t  
o u t  o f  t h e  t e s t  chamber  t h r o u g h  c o n d u i t s  p r o v i d e d  f o r  t h a t  
p u r p o s e .  

s s p ~ o r t  C a ~ a b i l i  t i e s  

S t a f f .  The p r i m a r y  p u r p o s e  o f  t h e  W h i t e  S a n d s  Thc- rma 1 
F a c i l i t y  i s  t.0 ~ r o v i d e  a  s o u r c e  of r a d i a t i o n  f o r  e x p e r i m e n t s  
d e s i g n e d  t o  i n v e s t i g a t e  r a d i a t i o n  e f f e c t s  on  m a t e r i  a l s  and  
c o m p o n e n t s  o f  i n t e r e s t  t o  t h e  Depa r tmen t  o f  D e f e n s e .  F a c i l i t y  
p e r s o n n e l  w i l l  o p e r a t e  t h e  s o l a r  f u r n a c e  and  p r o v i d e  f u l l  
o p e r a t i o n a l  s u p p o r t .  The o n - s i t e  p r o f e s s i o n a l  s t a f f  i s  r e a d i l y  
a v a i l a b l e  t o  t h e  e x p e r i m e n t e r  f o r  c o n s u l t a t . i o n .  

E l e c t r o n i c s  and  Shop F a c i l i t i e s  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I n s t r u m e n t a t i o n  i s  
a v a i l a b l e  t o  e x p e r i m e n t e r s  t h r o u g h  p r e v i o u s  a r r a n g e m e n t s  w i t h  t h e  
t e c h n i c a l  c o o r d i n a t o r .  Also, a  mach ine  s h o p  and  t h e  s e r v i c e s  of  
a  m a c h i n i s t  a x e  a v a i l a b l e  f o r  ~ e e d s  t h a t  may a r i s e  d u r i n g  t h e  
c o u r s e  of  t h e  e x p e r i m e n t  or  t h r o u g h  p r e v i o u s  a r r a n g e m e n t .  

E x p e r i m e n t  P r e p a r a t i o n  L a b o r a t o r i e s .  A d e q u a t e  e x p e r i m e n t  
p r e p a r a t i o n  l a b c r a t o r i e s ,  p e r s o n n e l  o f f i c e s ,  s e c u r i t y  s t o r a g e ,  
r a d i o a c t i v e  s t o r a g e ,  r a d i a t i o n  c h e m i s t r y  l a b o r a t o r i e s ,  and  
c o n f e r e n c e  rooms a r e  a v a i l a b l e  a t  t h e  s i t e .  



Figure 9 .  I r r a d i a n c e  Profiles a t  E e s t  Image Position 



3 .1 .3  A r n o l d  E n q i n e e r i n a  Cevelopment  C e n t e r  (AEDC)  , Arnold .hit-  
F o r c e  S t a t i o n ,  T u l l a h o n a ,  Tenne  a s e c .  

AEDC h a s  s e v e r a  1 s o l a r  s i m u l a  t o r s .  The o n ?  o f  s o m ~  
i n t e r e s t  t o  t h e  r e c e i v e r  t e s t  e x p e r i m e n t s  is  a  140 KWc ,dc-vice 
. w i t h  a n  e f f i c i e r ? c y  o f  a g ~ r o x i m a t e l y  4 0 % ,  d e l i v e r i n g  a p p r o x i m a t e l y  
54 KWth t o  t h e  t . ~ s t  s u r f a c e .  T h i s  s i m u l a t o r  c o u l d  p roduce ,  
t h r o u g h  a n  o ~ t i c a l  c o n c e n t r a t i o n  s y s t e m ,  a F p r o x i m a t e 1  y 20 s o l a r  
c o n c e n t r a t i o n s  a t  b e s t .  The o t h e r  s i m u l a t o r s  do n o t  h a v e  t h e  
c o n c e n t r a t i n g  c a p a b i l i t y  even  t h o u g h  t h e  l a r g c s t  i s  of 
a p p r o x i m a t e l y  800  KWe which p r o d u c e s  low f l u x  l e v e l s  ( 1 - 2  s o l a r  
c o n c e n t r a t i o n s )  . 

T h e  s o l a r  . s i m u l a t o r  i s  a n  o f f - a x i s ,  i n t e g r a t o r  s y s t e m  
p r o d u c i n g  a  w e l l  c o l l i m a t e d  and  u n i f o r m  beam o v e r  an  8 - f t - d i a m  by 
8 - f t - h i g h  t e s t  volume.  The i n t e n s i t y  w i t h i n  t h e  t e s t  v o l u i ~ ~ e  i s  
o n e  s o l a r  c s r i s t a n t  w i t h  a  u n i f o r m i t y  o f  +5 p e r c e n t  and a  
d e c o l l i m a t i o n  o f  k1.8 deg .  The e n e r g y  s p e c t r u m  i s  t y p i c a l  of thi .  
20-kw x e n o n  s h o r t - a r c  larnp, s e v e n  o f  w h i c h  a r e  l o c a t e d  , i n  thc. 
s o u r c e  a r r a y .  T h i s  s F e c t r u m  i s  v e r y  s i m i l a r  t o  t h a t  o f  t h e  s u n  
e x c e p t  f o r  an e x c e s s  o f  e n e r g y  i n  t h e  n e a r  i n £  r a r c d .  Thp 
s i m u l a t o r  s p e c t r u m  c a n  b e  a d j u s t e d  t o  more c l o s e l y  match  t h e  
s o l a r  s p e c t r u m  by f i l t e r i n g  and by a d d i t i o n  o f  5-kw mercury-xenon 
lamps  t o  t h e  s o u r c e  a r r a y .  

P l a n e t  A l b e d o  and  h a d h a n c e  S i m u l a t o r .  The p l a n e t  a l b e d o  
( r e f l e c t i o n  o f  s o l a r  e n e r g y  f r o m  a  p l a n o t )  and p l a n e t  r a d i a n c e  

a r e  s i m u l a t e d  by o n e  s y s t e m  w i t h  a s  many a s  1500  .T -3  q u a r t z -  
e n v e l o p e  t u n g s t e n  f i l a m e n t  lamps  mounted i n  i n d i v i d u a l  r e f l e c t o r s  
b h i c h  may be s p a c e d  a r o u n d  t h e  t e s t  a r t i c l e  t o  i r r a d i a t e  i t  t o  
t h e  d e s i r e d  amount .  

Each l a m p  h a s  an o u t p u t  c o n t i n u o u s l y  a d j u s t - a b l e  f rom 0  t o  
a p p r o x i m a t e l y  24 W/sq f t  a t  a  d i s t a n c e  of 30 i n .  i n  f r o n t .  o f  t h e  
l a m p  r e f  l e c to r  u n i t .  T h i s  o u t p u t  i s  t o  w i t h i n  + 5  p e r c e n t .  and  
e x t e n d s  a p p r o x i m a t e l y  + 4 0  deg .  t o  e a c h  s i d e  o f  t h e  o u t p u t  
c e n t e r l i n e ,  The lamp u n i t s  may b e  i n s t a l l e d  i n  m u l t i p l e s  t o  
f u r t h e r  i n c r e a s e  t h e  l e v e l  of t h e  r a d i a n t  e n r r g y .  The l a m p s  may 
be g r o u p e d  i n  banks ,  e a c h  w i t h  i t s  i n d i v i d u a l  c o n t r o l  c i r c u i t ,  s o  
t h a t  t h e  d e s i r e d  d i s t r i b u t i o n  o f  e n e r g y  c a n  be a c h i e v e d  c n  t h e  
v e h ' i c l e  s u r f a c e .  T h e r e  a r e  50 c h a n n e l s  o f  c o n t r o l  c i r c u i t s ,  e a c h  
c a p a b l e  o f  d e l i v e r i n g  u p  t o  15 kW. 

The  s i r c u l a t o r  u n i t s  a r e  a t t a c h e d  t o  a b i r d c a g e  
a r r a n g e m e n t  s u r r o u n d i n g  t h e  t e s t  v e h i c l e .  The b i r d c a g e  i s  
s u p p o r t e d  by t h e  a r t i c l e  h a n d l i n g  s y s t e m  and  i s  a d j u s t e d  and  
t a i l o r e d  t o  a d a p t  t o  d i f f e r e n t  t e s t  a r t i c l e  s h a p e s ,  s i z e s ,  a n d  
r e q u i r e m e n t s .  



NASA L a w i s  K e s e a r c h  C e n t e r ,  C l e v e l a n d ,  Ohio.  3 -  1 .4  .......................... 

NASA L e w i s  h a s  b o t h  a s o l a r  s i m u l a t o r  and  a t h c r r n a l  
s i m u l a t o r .    he s o l a r  s i m u l a t o r  is h o u s e d  i n  t h e  s p a c e  p o w ~ r  
f a c i l i t y  c h a m b e r ,  120 f t .  h i g h  a n d  100 f t .  i n  d i a m e t e r  ( s e ?  
F i g u r e  lo-) a n d  i s  c a p a b l e  o f  r a d i a t i n g  a . 4 5 0  s q .  f t .  a r e a  w i t h  
a ~ p r o x i m a t e l y  t h e  f l u x  c f  one  sun .  By e m p l o y i n g  a  f o c u s i n g  
mirror, t h e  f l u x  l e v e l  o f  a p p r o x i m a t e l y  10 s u n s  c a n  be a c h i e v e d .  
O t h e r  f o c u s i n g  d e v i c e s  would  h a v e  t o  be o b t a i n e d  t o  r e a c h  t h c  500 
t o  1 0 0 0  t imes s o l a r  f l u x  d e s i r e d .  With a  nomina l  o u t p u t  l e v e l  o f  
a p p r o x i m a t e l  y  5 0  KWth, t h e  r c s u l t . i n g  t e s t  a r e a  would  be a b a t  1/2 
s q .  f t .  i f  t h e  r a d i a t i o n  w e r e  u n i f o r m l y  d i s t r i b u t e d .  The t h e r m a l  
' s i m u l a t o r  h a s  a b o u t  7 Mke i n p u t  power  f o r  1  KW t u n g s t e n  lamps  
mounted  i n  a luminum.  T h i s  u n i t  was c o n f i g u r e d  i n  a  16 ft. 
d i a m e t e r  by 57 ft. h i g h ,  c a n  be  a l t e r e d  f o r  v a r i o u s  s h a p e s ,  but 
i s  c u r r e n t l y  n o n - o p e r a t i o n a l  w i t h  l i t t l e  h o p e  t h a t  i t  would b e  
a v a i l a b l e .  

F i g u r e  10 .  S p a c e  Power F a c i l i t y  S o l a r  S i m u l . a t o r  



3.1.5 J e t  P r o p u l s i o n  L a b o r z t o r i e s ,  p a s a d e n a ,  ~ a l i f o r n i a .  

JPL h a s  a  s o l a r  s i m u l a t o r  u s i n g  37-30  K W e  Xenon l a m p s .  
T h e  r a d i a t i o n  i s  d i r e c t e d  t h r o u g h  a n  o p t i c a l  " m i x o r "  t o  20 i n c h e s  
i n  d i a m e t e r ,  p r o d u c i n g  a p p r o x i m a t e l y  11 s o l a r  c o n c e n t r a t  i o n .  
D e t a i l s  a n d  d e s c r i p t i o n  o f  t h i s  f a c i l i t y  were n o t  a v a i l a b l e  a l  
t h e  t i m e  .of p u b l i c a t i o n  o f  t h i s  d o c u m e n t .  



G.E. S o l a r  S imula  t o r  3-.1- 6 -------------------- 

The ma ] o r  ccmFonen t  of the Space.  E n v l r o n m e ~ ? t  S i m j ~ l a t i o n  
L a b o r a t o r y  i s  t h e  5 4  - f e e t  h i g h  by 3 2 - f e &  d i a m e t e r  s o l a r -  t h e r m a l -  
vacuum c h a m b e r .  C a p a b l e  of accommodat ing  c o m p l e t e  s p a c e c r a f t  u p  
t o  21 f e e t  i n  d i a m e t e r  w e i g h i n g  a s  much a s  44 ,000  Founds ,  t.hc 
s p a c e  chamber  p r o v i d e s  vacuum c o n d i t i o n s  f rom 10 t o  t h ~  minus  6 
t o .  10 t o  t h c  m i n u s  9 Torr and  t h e  c o l d  b l a c k  c h a r a c t e r i s t i c s  of 
s p a c e .  The  i n t e r i o r  s u r f  a c e s  of  t h e  s o l a r - t h e r m a l - v a c u u m  chamber  
a r e  m a i n t a i n e d  a t  e x t r e m e l y  low t e m p e r a t u r e s  t o  s i m u l a t e  the low 
e n e r g y ,  c o m p l e t e l y  a b s o r b i n g  c h a r a c t e r  i s t ics  o f  s p a c e .  A s y s t e m  
o f  b l a c k  c o o l i n g  ~ a n e l s  i s  employ.sd t h r o u g h  which l i q u i d  n i t r o g e n  
i s  c i r c u l . a t e d .  ( S e e  F i g u r e  11 a n d  T a b l e  VII). 

A l l  s u r f a c e s  f a c i n g  a  t e s t  v e h i c l e  h a v e  an  e m i s s i v i t y  o f  
0.95 o r  h i g h e r .  . The c y r o g e n i c  p a n e l s  a r e  a r r a y e d  a s  shown i n  t h ~  
s c h e m a t i c  d iagr .a r r  a n d  a r e .  c o v e r s d  with a  t h r e e  - q u a r t e r  i n c h  t h i c k  
h o n ~ y c o m b .  The! b a f f l e  e f f e c t  o f  t h e  f i n n e d  e r r a y  combined w i t h  
t h e  m u l t i p l e  bounce  p t h  of the honeycomb p r o d u c e s  t h e  h i g h  
e m i s s i v i t y .  The  o f f - a x i s  d e s i g n  o f  t h e  c o l 1 j . r a t o r  a f f o r d s  
s i m u l a t i o n  o f  t h e  " c o l d ,  b l a c k ,  s p a c e H  c h a r a c t e r i s t i c s .  

Ene rgy  r a d i a t e d  f rom a t e s t  s p a c e c r a f t  t o  t h e  c o l l i m a t i n g  
mi r ro r  i s  r e f l e c t e d  t o  t h e  c o l d  chamber  w a l l s  r a t h e r  t h a n  r e -  
r a d i a t e d  b a c k  t c  t h e  s ~ a c e c ' r a f t .  

R a d i a t i o n  o f  a b o u t  30 s o l a r  c o n s t a n t s  o c c u r s  a t  t h e  l e n s  
w h i c h  c o v e r s  a  16 i n c h  d i a m e t e r .  C o n c e i v a b l y  t h i s  c a n  b e  re -  
i m a g e d  t o  a c h i e v e  100  s o l a r  c o n s t a n t s  o n  a n  8 i n c h  d i a m e t . e r  a r e a .  

The G E  S o l a r  s i m u l a t o r  u s s s  Xencn compac t  a r c  l a m p s  a s  
t h e  s o u r c e  o f  r a d i a n t  e n e r g y .  Xenon, t r a d i t i o n a l l y ,  i s  u s e d  a s  
t h e  b e s t  p r a c t i c a l  s o u r c e  f o r  s o l a r  s i r r u l a t i o l ? .  A c o m p r i s o n  of  
t h e  i r r a d i a n c e  cf t h e  Xenon s i m u l a t i o n  and t h c  a i r .  mass  2  s u n  i s  
t a b u l a t e d  be low : 

W a v e l e n g t h  Band A i r  Mass  Two G . E .  S i m u l a t o r  
---~!?~GKGGsL-- ------ % o f  T o t a l  -------- E n e r E  %-of T o t z l  Energy 



FIG: 1 1 . 'space Environment Simulat ion Laboratory 



TABLE V I I  

S OLAR-T HEmAL-VACUUI.1 CHANBEF 

CHARACTD ISTIC S  -------------- 

VACUUM CHAMBEE 
S i  ze 

Access 

M a t e r i a l  

Vacuum 

VACUUM EUMPING 
C r y o g e n i c  

C y l i n d e r ,  32 f t .  d i a m e t e r  by 54 f t .  h i g h  . 

UpFer  h e m i s p h e r e  r e m o v a b l e  - d o o r  i n  s i d e ,  
40 i n .  by. 84  i n .  

304 L s t a i n l e s s  s t e e l  3/4  i n .  t h i c k  

10 to  t h e  m i n u s  5 t o  10 t o  t h e  minus  9 
T o r r  

1 0 0  d e g r e e s  K c o n d e n s a b l e s  (LN2) 
3.4 x 10 t o  t h e  e i g h t h  l i t e r s / s e c o n d  
20 degrees k c o n d e n s a b i e s  (Ghle) 
2 . 3  x 1 0  t o  t h e  sixth l i t e r s / s e c o n d  

Oil D i f f u s i o n  Mon-condensabl  ES (He, H2, N e )  
20,000 l i t e r s / s e c o n d  

WALL EMISSIVITY 0.90-0.95 

SCLAR SI~ULATION 
S o u r c e  

1 5 - f t .  d i a m e t e r  
1 4 8  5 kw xenon a r c  l a m p s  ' 

C o l l i m a t o r  Off-axis quarlrj.sect.ed g l a s s  m o s a i c  
~ a r a b o l o i d  

C o l l i m a t i o n  t 3  degrees t.o +5 degrpps 

I n t e n s i t y  120 w a t t s / s q .  f t .  ( f e e d b a c k  c c n t r o l )  

U n i f o r m i t y  *15% (vo lume a n d  p l a n e )  

M a i n t e n a n c e  Lamps r e p l a c e a b l e  d u r i n g  o p e r a t i o n  

TEST CAPABILITY 
S i z e  2 1 - f t .  d i a m e t e r  b y  30 ft. high 

Weight  

OFERATI NG TIME 
S t a r t u p  

44 ,000  pounds  
, 

7 h o u r s  t o  10  t o  t h e  m i n u s  7 ' T o r r  

Shutdown a n d  warmup 20-24 h o u r s  

I PiSTRUMENTATION 800 c h a n n e l s  f o r  t h e r m o c o u ~ l e s  



3 . 1 . 7  S a n d i a  L a b o r a t o r i e s  F . a d i a n t  Hea t F a c i l i t y ,  A 1  b u q u e r q ~ ~ c ,  
N e w  Mex ico .  

The S a n d i a  R a d i a n t  E e a t  F a c i l i t y  i s  F a r t  c f  a  h i q h -  
t e m p e r a t u r e  t e s t i c g  c o m ~ l e x  l o c a  t e d  i n  t h e  S a n d i a  L a b o r a t o r i e s  
Remote T e s t  Area.  The f a c i l i t y  was b u i l t  t o  p r o v i d e  l a b o r a t o r y  
s i m u l a t i o n  o f  h i g h - t e m ~ e r a  t u r e  e n v i r o n m e n t s  on l a r g e  a s s  e m b l i e s  . 
A wide r a n g e  o f  t h e r m a l  e ~ v i r s n m e n t s  h a s  b e e n  s i m u l a t e d :  f r o m  
h igh-  l e v e l ,  s h o r t - d u r a  t i o n  F rog rams  s i m u l a t i n g  t h e  t h e r m a  1 e n e r g y  
from a  n u c l e a r  b u r s t  , o r  l a u n c h  pad a b o r t  f i r s ;  t o  i n t e r m e d i a t e -  
l e v e l  and  l o n g - d u r a t i o n  p rog rams  s i m u l a t i n g  t r a n s ~ c r t a  t i o n  
a c c i d e n t  f i r e s ;  t o  l o w - l e v e l ,  i n t e r m e d i a t e - d u r a t i o n  p r o q r a m s  
s i m u l a t i n g  a e r o d y n a m i c  h e a t i n g .  The  name, R a d i a n t  H e a t  F a c i l i t y ,  
comes f rom t h e  f a c t  t h a t  t h e  r a d i a n t  t h e r m a l  e n e r g y  i s  u s e d  a s  
t h e  p r i m a r y  mode o f  h e a t  t r a n s f e r .  I n  t h e  s i rnu la t i . cn  of  
a e r o d y n a m i c  h e a t i n g ,  no  a t t e m p t  i s  made t o  r e p r o d u c e  t h e  mass  
f l o w  e f f e c t s .  

The  f a c i l i t y  ha s e i g h t  c h a n n e  1s o f  p r o g r a m m a b l e ,  t h r e e -  
p h a s e  power c o n t r o l l e r s .  Long-dura t  i o n  p r o g r a m s  c a n  be o ~ e r a t e d  
a t  a  s u s t a i n e d  l e v e l  o f  5 MW. P e a k  power  l e v e l  is a ~ p r o x i m a t e l y  
20 MW f o r  4 0  s e c o n d s ,  twice. a n  h o u r .  

T h e r m a l  i n p i l t  i s  p r o d u c e d  w i t h  e i t h e r  h i g h - p o w e r  l amps  or  
g r a p h i t e - r e s i s t a n c e  h e a t e r s .  The r a d i a n t  s p e c t r u m  p r o d u c e d  by 
t h e s e  h e a t  s o u r c e s  i s  s h i f t e d  t o w a r d s  t h e  i n f r a r e d  a s  c o m ~ a r c - d  t o  
t h e  s o l a r  s p e c t r u n .  

T e s t  i t ems u p  t o  17  f t  . h i g h  can  be accommodated i n s i d e  
t h e  f a c i l i t y ;  a n  o u t d o o r  t e s t  pad i s  a l s o  a v a i l a b l e .  The 
f a c i l i t y  is  l c c a t e d  i n  a  r emote  t e s t  a r e a  w i t h  w i d e l y  s e p a r a t e d  
f a c i l i t i e s  ; t h u s ,  a d e q u a t e  s a f e t y  p r e c a u t i o n s  c a n  b e  made f o r  
t e s t i n g  h a z a r d o u s  s y s t e m s  s u c h  a s  h i g h - ~ r e s s u r e  s t e a m  g e n e r a t o r s .  

T e s t  d a t a  a c q u i s i t i o n  a n d  r e d u c t i o n  i s  a c c o m p l i s h e d  on  a 
d e d i c a t e d ,  c o m p u t e r i z e d  d a t a  s y s t e m  l o c a t e d  i n  t h e  t e s t  complex .  

A d d i t i o n a l  s e r v i c e s  which a r e  a v a i l a b l e  i n  t h e  complex 
a r e :  (1)  a  c l o s e d - l o o p  c o o l i n g  w a t e r  s y s t e m  w i t h  a  3 0 0 , 0 0 0 - g a l l o n  
s t o r a g e  t a n k ,  (2) a  4 ,200 ,000  B t u l h r  c c o l i n g  t o w s r ,  (3)  a ' b o i l e r  
c a p a b l e  o f  p r o d u c i n g  u p  t o  50 ,000  l b / h r  of  s t e a m  a t  175 p s i g ,  and  
( 4 )  h i g h - p r e s s u r e ,  l a r g e - v o l u m e  n i t r o g e n ,  o x y g e n ,  a n d  a r g o n  ga s 

s t o r a g e  t a n k s .  

T e s t i n g  p r o g r a m s  w h i c h  c o u l d  b e  h a n d l e d  i n c l u d e :  

1 .  E v a l u a t i o n  o f  s e c t i o n s  o f  f u l l - s c a l e  i tems a t  r a t e d  
h e a t  f l u x  l e v e l s .  

2.. E v a l u a t i o n  o f  s c a l e  mode l s .  

3 .  E v a l u a t i o n  o f  e n g i n e e r i n g  d e s i g n  p r o b l e m s  s u c h  a s  
f l o w  s t a b i l i t y  a n d '  t h e r m a l  stress e f f e c t s .  

F i g u r e  12 shows t h e  l o c a t i o n ,  o f  t h e  F a d i a n t  H e a t  F a c i l i t y  
(Eldg. 6530)  a n d  t h e  remote f a c i l i t y  c o n t r o l  ~ o i n t  ( l o c a t e d  i n  



Bldg .  6 5 4 0 ) .  r e l a t i v e  t o  o t h e r  f a c i l i t i e s  i n  S a n d i a t s  
E n v i r o n m e n t a l  T e s t  A r e a  111. F i g u r e s  1 3  a n d  1 4  show t h e  f l o o r  
p l a n  a n d  e l e v a t i o n  of  the t e s t  bay  of t h e  R a d i a n t  Heat  F a c i l i t y .  

I .  POKER CONTROL APFARATUS 

C o n t r o l  m o d u l e s  o f  t h e  R a d i a n t  H ~ a t  F a c i l i t y  ( R H -  1)  
c o n s i s t  o f  e i g h t  c h a n n e ' l s  of t h r e e - p h a s e  e l e c t r i c a l  p u l s e r s  
d e s i g n e d  t o  c o n t r o l  a l t e r n a t i n g  c u r r e n t  p u l s e s  t o  e l e c t r i c a  1 
h e a t e r s .  E l e c t r o m e c h a n i c a l  s e r v o  s y s t e m s  p rog ram and  c o n t r o l  
e a c h  c h a n n ~ l  o f  t h e  f a c i l i t y  t o  e f f e c t  t e m ~ ~ r a t u r e - t i m e  h!?,atincj ,  
h e a t  f l u x  c o n t r c l  a s  a  f u n c t i o n  of  ' t i m e ,  and  s i m u l a t i o n  o f  
a e r o d y n a m i c  h e a t i n g .  

A. E l e c t r i c a l  Power S u p g l y  
. . 

The R a d i a n t  Heat F a c i l i t y  (RE-  1) is  s u p ~ l i e d .  by a  
4G, 0 0 0 - v o l t  t r a n s m i s s i o n  l i n e  ~ j h i c h  i s  s e p a r a t e  f rom t h e  
t r a n s m i s s i o n  l i n e  i l sed  by a l l  o t h e r  f a c i 1 i t i . e ~  i n  Area  111. 
V o l t a g e  t o  t h e  i g n i t r c n  c o n t r o l l e r s  o f  t h e  HH-1 f a c i l i t y  i s  
r e d u c e d  t o  2400/4160 g r o u n d e d  wye i n  a  5000-kVA t r a n s f o r m e r .  

Maximum Power C a ~ a b i l i t i e s  E- - - - - - - - - -  --------- 

The maximum power o u t p u t  c a p a b i l i t y  o f  t h e  c i g h t  
c h a n n e l s  o f  t h e  RH- 1  f a c i l i t y  i s  b a s e d  on 9 5  p e r c e n t  o f  f u l l - w a v e  
c o n d u c t i o n  o f  t h e  i g n i t r o n  t u b e s  w i t h  a  2 . 4 - k i l o v o l t  s u ~ ~ l y .  The 
o r i g i n a l  s p e c i f i c a t i o n s  o f  t h e  f a c i l i t y  c a l l e d  f o r  t h e r m a l l y  
r a t i n g  t h e  i n d i v i d u a l  p h a s e  t r a n s f o r m e r s  t o  be  s u i t a b l e  f o r  one 
t ~ s t  o f  40 s e c c n d s  d u r a t i o n  p e r  h o u r  t o  a  maximum o f  2 .4  
m e g a w a t t s  f o r  each 0.f t h e  c o n t r o l  c h a n n e l s ,  or  a t o t a l  o f  19. 2 
m ~ g a w a t t s  f o r  t h e  e i g h t  c c n t r o l  c h a n n e l s .  S e v e r a l  y e a r s  of  
o ~ e r a t i n g  e x p e r i e n c e  h a s  F r o v e n  t h e  o r i g i n a l  r a t i n g  t o  

b e  c o n s e r v a t i v e .  N o  a p p a r e n t  d e q r a d a t i c n  o f  t h e  t r a n s f c r ~ e r s  h a s  
been  o b s e r v e d  a s  a r e s u l t  of t w o  t e s t s  p e r  h o u r  a t  t h e  
s p e c i f i c a t i o n  t h e r m a l  r a t i n g .  

H i g h e r  c u r r e n t  r a t i n g s  a r e  a v a i l a b l e  i n  l a r g e r  
i g n i t r o n  t u b e s  wh ich  c o u l d  i n c r e a s e  t h e  maximum power  r a t i n p  t o  
3.0 m e g a w a t t s  p e r  c h a n n e l ;  however ,  o n l y  o n e  thr  e e - p h a s e  
t r a n s £  ormer b a n k  i s  p r e s e n t l y  i n s t a l l e d  t h r o u g h  w h i c h  t h i s  power 
c o u l d  b e  u t i l i z ~ d .  

D. Maximum ~ r r e n t c a ~ a b j ~ 1 i t . j . e ~  

Maximum c u r r e n t  c a p a b i l i t y  o f  t h e  RH-1 f a c i l i t y  is 
b a s e d  o n  9 5  p e r c e n t  o f  f u l l - w a v e  c o n d u c t i o n  o f  t h e  i g n i t r c n  t u b e s  
and  i s  r u l e d  b y  a number o f  t h e r m a l  .and e l e c t r i c a l  
c h a r a c t e r i s t i c s  i n h e r e n t  i n  t h e  i g n i t r o n  t u b e s .    able V I I I  i s  a  
t a b u l a t i o n  o f  o ~ e r a t i n g  maximums of t h e  e i g h t  c o n t r o l  c h a n n e l s .  

Con trol-Modes 
F o u r  b a s i c  modes of Frogramming a n d  f e e d b a c k  c o n t r o l  

a r e  a v a i l a b l e  i n  t h e  RH-1 f a c i l i t y .  T h e s e  a r e :  
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Figure 12. Locat ion  of R a d i a n t  Heat  F a c i l i t y  



Figure  13. F l o o r  P l a n  of R a d i a n t  Heat F a c i l i t y  



1.  H e a t  F l u x  a s a  f u n c t i o n  o f  t i m e  (QT) 
a.  by power f e e d b a c k ,  
b. by h e a t  r a t e  s e n s o r  f e e d b a c k ,  and  
c. by o p t i c a l  p y r o m e t ~ r  f ~ e d b a c k .  

2 .  Tempera ture-Time (T-T) 
a .  by t h e r m o c o u p l e  f e e d b a c k ,  and  
b. by o p t i c a l  p y r o m e t e r  f e e d b a c k .  

3 .  S i m u l a t i o n  of  Aerodynamic  H e a t i n g  ( E I )  by 
a .  t h e r m o c o u p l e  and power f e e d b a c k .  

4. C o n s t a n t  T e m p e r a t u r e  (Soak)  
a .  by t h e r m o c o u p l e  f e e d b a c k .  

The me thods  of f e e d b a c k  most r e a d i l y  a v a i l a b l e  and 
mos t  commonly u s e d  a r e  Itpower f e e d b a c k "  i n  t h e  H e a t  F l u x  a s  a 
f u n c t i o n  o f  t i m e  (QT) mode; l l t h e r m o c o u p l e  f e e d b a c k u  i n  t h p  
Tempera tu re -T ime  (T-T) mode; and  i n  t h e  S i r r u l a t i o n  o f  ~ e r c d y n a m i c  
( Z I )  mode, b o t h  H t h e r m o c o u p l e H  and  I1powerl1 f e e d  back  a r e  r e q u i r e d  . 

T h e r m c c o u ~ l e  f e e d b a c k  i s  r e q u i r e d  i n  t h e  C o n s t a n t  
Tompoxature  (Soak) m n ?  P. 

C o n t r o l l i n g  a n d  programming t h e  f a c i l i t y  may b e  d o n e  
b y  e i t h e r  m a n u a l  p r o c e d u r e s  or by a u t o m a t i c  p r o c e d u r e s .  Each  
t h r e e - p h a s e  c h a n n e l  c o n s i s t s  o f  o n e  m a s t e r  p h a s e  and  t w o  s l a v e  
p h a s e s ;  t h e  t w o  s l a v e  p h a s e s  r e s p o n d  t o  t h e  m a s t e r  p h a s e  b y  
e q u a l i z a t i o n  o f  t h e  l o a d  v o l t a g e .  The C h a n n e l  Number 1 m a s t e r  
p h a s e  ' c a n  con  t r o l  s u b s e q u e n t  c h a n n e l  m a s t e r  p h a s e s  by t h e  same 
l o a d  v o l t a g e  e q u a l i z a t i o n .  M a s t e r - s l a v e  c o n t r o l  i s  a v a i l a b l e  i n  
e i t h e r  manual  o r  a u t o m a t i c  o p e r a t i o n .  

The  RH- 1 program c o n s o l e  c c n s i s t s  o f  e i g h t  drums f o r  
p rog ranming  q ( h e a t  f l u x )  , TD ( t e m p e r a t u r e ) ,  a n d  h ( h e a t  t r a n s f e r  
c o e f f i c i e n t )  a n d  two drums f o r  prog.ramming Taw ( a d i a b a t i c  w a l l  
t e m p e r a t u r e )  . Drum r o t a t i o n  i s  a c c o m p l i s h e d  b y  a  DC p o s i t i o n a l  
s e r v o - m e c h a n i s n  so t h a t  a l l  d . ,n lms  r o t a t e  a t  the same r a t e ,  
c o n t i n u o u s l y  v a r i a b l e  f r o m  1 0  t o  3 0 0 0  s e c o n d s  f o r  f u l l  r o t a t i o n .  

A u t o m a t i c  programming of  q ,  TD, h ,  a n d  Taw command 
f u n c t i o n s  i s  a c c o m p l i s h e d  by c u t t i n g  t h e  d e s i r e d  c u r v e  s h a ~ e  o n  
a l u m i n i z e d  g r a ~ h  p a p e r  a n d  fitting t h e  g r a p h  p a p e r  t o  an 
a  ~ p r o p r i a t e  p r o g r a m  drum. The command f u n c t i o n s  a r e  g e n e r a t e d  a  s 
v o l t a g e  a n a l o g s  f r o m  m u l t i  t u r n  p o t e n t i o m e t e r s ,  w h i c h  a r e  
p o s i t i o n e d  by e l e c t r i c a l  s e r v o - m e c h a n i s m s  d r i v e n  by t h e  c u r v e  
f o l l o w e r s .  Skew r a t e  (rraximum p r o b e  f o l l o w  r a t e )  o f  t h e  f o l l o w e r  
mechanism i s  a p p r o x i m a t e l y  5 i n c h e s  p e r  s e c o n d ;  maximum t r a v e l  
f rom z s r o  t o  f u l l  s c a l e  i s  3 i n c h e s  h i c h  makes  t h e  programmer  
f  a s t e r  i n  r e s p o n s e  t h a n  m o s t  commonly used  h e a t e r  l o a d s .  



OPEEATING MAX I M U M S  A N D  EL ECTR ICAL CONNECTIONS ------------------------------------------ 

Max. Max. RMS P.MS F l e c t r i c a l  
K M S  C u r r e n t /  3 Sigma Power C o n n e c t  i o n s  t o  

Pm DS Ch&nn~l-No- VoGS - - - - - -  AMsgawattsl ------------_------ H e a t e r  Load 

2.4 Cpen o r  c l o s e d ' d e l t a  

2 . 4  Y 

2.4 Is01 a t e d  p h a s e s  

4  4 8 0  1660  2.4 Open or  c l o s e d  d e l t a  

5 4 8 0  Er I660 2 2.4 Upen or c l o s e d  d e l t a  
6 0 0  1340 

7 4 8 0  1660 2.4 O ~ e n  o r  c l o s e d  d e l t a  

8 2 4 0 0  4 0 0  ( e s t . )  3.0 N o t  c o n t r o l l e d  
t h r o u g h  i g n i t r o n  

t u b e s  

8  4  8  0  1660 2.4 O p e n  o r  c l o s e d  d e l Q  

Any c h a n n e l  1 2 0 /  € 6 0 0 /  2 .'4 . Y, d e l t a  or  i s o l a t e d  
2 4 0  3300 p h a s e s  

Any c h a n n e l  2 4 0 /  1240 /  0.9 Y, d e l t a  or  i s o l a t e d  
4 8 0  620 p h a s e s  

Any c h a n n e l  4 8 0  1 6 6 0  2.4 Y, d e l t a  o r  i s o l a t e d  
p h a s e s  

NOTE: A l l  c h a n n e l s  may r e a d i l y  be r e c c n n e c t e d  t o  o p e n  o r  
c l o s e d  d e l t a  c o n f i g u r a t i o n .  

11. QUXYTZ IlF%LWD LXVS 

A. Lamp C h a r a c t e r i s t i c s  

A l a r g e  amount  of t h e  t e s t i n g  a t  t h e  R a d i a n t  Heat 
F a c i l i t y  i n v o l v e s  h e a t  f l u x e s  i n  t h e  r a n g e  f rom 10  t o  200  B t u / s q  
i t - sec .  T h e s e  l o w -  to-medium- l e v e l  h e a t  f l u x e s  a r e  n o r m a l l y  
p r o v i d e d  b y  h e a t e r  a r r a y s  e q u i p p e d  w i t h  T-3 t u b u l a r  q u a r t z  



i n f r a r e d  lamps .  The  T-3 q u a r t z  l a m p  c o n s i s t s  o f  a  t u n g s t e n  
f i l a m e n t  s e a l e d  i n  an i n e r t  g a s - f i l l e d  q u a r t z  t u b e  3 /8  i n c h  i n  
d i a m e t e r .  The n o r m a l  s i z e s  u s e d  a r e  10, 16,  a n d  2 5  i n c h ,  which  
c o r r e s p o n d s  t o  t h e  h e a t e d  l e n g t h  of t h e  f i l a m e n t .  A l s o ,  5  and 
3 8 - i n c h  l a m p s  a r e  a v a i l a b l e  f o r  s p e c i a l  u s e s .  

H e a t  C o n c e n t r a t i o n s  1  - - - - - - - - - - - - -  

The n o r m a l  h e a t  c o n c e n t r a t i o n  o f  t h e  q u a r t z  lamp 
i s  100 w a t t s  pe r  l i n e a r  i n c h  o f  h e a t e d  f i l a m e n t .  The  10-  and 16-  
i n c h  l a m p s  a r e  a v a i l a b l e  w i t h  h e a t  c o n c e n t r a t i o n s  o f  200 w a t t s  
p e r  l i n e a r  i n c h ,  w h i l e  t h e  1 0 - i n c h  l amp  i s  a l s o  a v a i l a b l e  w i t h  a  
h e a t  c o n c e n t r a t i s n  o f  360 w a t t s  p e r  l i n e a r  i n c h  o f  h e a t e d  
f i l a m e n t .  The 100-wat t  p e r  i n c h  lamps  h a v e  e i t h e r  a  c l e a r  o r  
t r a n s l u c e n t  q u a r t z  t u b e .  The t r a n s l u c e n t  t u b e  i s  d e s i r a b l e  when 
a  s m a l l  number o f  l amps  a r e  b e i n g  u s e d  a n d  a n  e v s n  h e a t  
d i s t r i b u t i o n  i s  needed  t o  a v o i d  h o t  s p o t s .  The h i g h  o u t p u t  l amps  
a r e  a v a i l a b l e  w i t h  c lear  q u a r t z  t u b e s  o n l y .  The T-3 q u a r t z  lamp 
o f f e r s  t h e  h i g h e s t  h e a t  c o n c e n t r a t i o n  o f  a n y  i n f r a r e d  s o c r c e  o f  
t h i s  t y p e .  

One o f  t h e  f e a t u r e s  o f  t h e  T-3 l a m p s  i s  t h e i r  
a b i l i t y  t o  h a n d l e  c v e r v o l t a g e s  f o r  s h o r t  t imes.  The  n o r m a l  l i f e  
o f  t h e  l a m p  i s  5000 h o u r s  when o p e r a t e d  a t  r a t e d  v o l t a g e ,  which 
i s  240 v o l t s  f o r  t h e  1 0 - i n c h  l amp  a s  a n  example .  When o p e r a t e d  
a t  225  p e r c e n t  o f  r a t e d  v o l t a g e ,  t h e  ' l imp  l i f e  d r c ~ s  t o  5 or  
6  m i n u t e s  a t  n o s t ;  however ,  a t  t h i s  o v e r v o l t a g e ,  t h e  power  o u t p u t  
o f  t h e  l a m p  i n c r e a s e s  t o  more t h a n  t k e e  t i m e s  t h e  r a t s d  power 
o u t p u t .  T h i s  a l l o w s  t h e  T-3 l a m p  t o  b e  u s e d  when v e r y  h i a h  peak  
h e a t  f l u x e s  w i t h  s h o r t  d u r a t i o n  a r e  r e q u i r e d  which  c o u l d  n o t  b e  
o b t a i n e d  a t  t h e  n o r m a l  r a t e d  v o l t a g e s .  F i g u r e  15 g i v e s  t h e  power 
a n d  co1.0r t . e m r : e r a t u r e  o u t p u t  of a  t y p i c a l  q u a r t z  l a m p  when 
o p e r a t e d  a b o v e  and  b e l o w .  no rma l  r a t e d  v o l t a g e s .  

3 .  \{arm-up m d  Cool-down C h a r a c t e r i s t i c s  

The T-3 q u a r t z  l amp  h a s  a s m a l l  t h e r m a l  m a s s ,  
t h u s  a l l o w i n g  v e r y  r a p i d  h e a t - u p  and cool-down r a t e s .  When t h e  
r a t e d  v o l t a g e  i s  a p p l i e d  t o  t h e  l amp  a s  a  s t e p  i n c r e a s e ,  t h e  
o u t p u t  w i l l  - r e a c h  70 p e r c e n t  of t h e  r a t e d  o u t p u t  i n  2  t o  3 
s e c o n d s .  The l amp  w i l l  cool down t o  20 p e r c e n t  o f  r a t e d  c u t p u t  
i n  2 t o  3 . s e c o n d s  a f t e r  power i s  s h u t  o f f .  

H e a t e r  A r r a y  D e s i q ~  B --------- ----- 

To t a k e  a d v a . n t a g e  c f  the f e a t u r e s  o f  t h e  q u a r t z  
i n f r a r e d  l a m p ,  ' it i s  n e c s s s a r y  to i n s t a l l  it i n  a h e a t e x  a r r a y  
w h i c h  w i l l  d i r e c t  t h e  r a d i a n t  e n e r g y  f r o m  t h e  l a m p  t o w a r d  t h e  
t e s t  i tem. T h e  h e a t e r  a r r a y  t h e n  s e r v e s  as a s u p p o r t  f o r  t h e  
lamps, by h o l d i n g  them i n  t h e  d e s i r e d  a r r a n g e m e n t ,  w h i l e  



" Y E L L O W  
YOU'ER 

PLUG DOARD 

HYDRAULIC 
vLoon/ 
IIOIST I I 

4 I 
8 * .'A 

SUhlP PVhlP 

F i g u r e  1 4 .  South E l e v a t i o n  o f  T e s t  Bay 

P e r c e n t  Voltage 

NOTE: C o l o r  T e m p e r a t u r e  
2500° K. a t  
10070 Vol tage 

F igu re  15. Vol tage  c h a r a c t e r i s t i c s  of T-3 Quartz Lamps 



p r o v i d i n g  a  r e f l e c t o r  b e h i n d  t h e  l amps ,  w h i c h  i s  n o r m a l l y  a o l d  
p l a t e d .  I t  i z  a l s o  n e c e s s a r y  t o  p r o v i d e  c o o l i n g  f o r  t h o   lam^ 
s e a l s  a n d  t h e  q u a r t z  t u b e .  The end  s e a l s  a r e  n o r m a l l y  c o c l e d  b y  ... 

w a t e r  c o o l i n g  t h e   lam^ h o l d e r s ,  a l t h o u g h  i t  i s .  s o m e t i m e s  p o s s i  b l e  
t o  m e r e l y  a i r  cool t h e  s e a l s  when l o w  l w e l  t e s t s  a r e  r e q u i r e d .  
The  q u a r t z  t u b e s  a r e  c o o l e d  b y  b l o w i n g  a i r  o v e r  t h e  t u b e  s u r f a c e  
e i t h e r  r a d i a l l y  o r  a x i a l l y  a s  t h e  d e s i g n  p e r m i t s .  I n  some t ~ s t s ,  
w h e r e  t h e  h i g h e r  h e a t  f l u x e s  a r e  r e q u i r e d ,  i t  becomes n e c e s s a r y  
t o  m t e r  cool t h e  r e f l e c t o r  i n  o r d e r  t o  a v o i d  d e s t r o y i n g  t h e  
h ~ a t e r  a r r a y .  

111. GRAPHITE RESISTOR HEATING 

G r a p h i t e  r e s i s t o r  h e a t i n g  i s  u s e d  t o  s i m u l a t e  s u c h  
e n v i r o n m e n t s  a s  l a u n c h  pad a b o r t  f i r e s  or  t h e  t h e r m a l  e n e r g y  f rom 
n u c l e a r  b u r s t s .  It i s  a l s o  u s e d  f o r  h e a t  s h i e l d  o r  o t h e r  t y p e s  
o f  m a t e r i a l  s t u d i e s .  

Programmed p u l s e s  o f  v a r i o u s  s h a ~ e s ,  f l u x  l e v e l s ,  and  
~ u l s e  d u r a t i o n s  c a n  b e  o b t a i n e d  u s i n g  t h e  a u t o m a t i c  c c n t r o l  
oqui pment  . 

The t y p e  o f  f l a t  . g r a p h i t e  r es i s tor  n o r m a l l y  u s e d  i s  shown 
i n  F i g u r e  1 6 .  The t h i c k n e s s  of  t h e  r e s i s to r  u s e d  i s  e i t h e r  0 . 3 7 5  
i n c h  or  0 . 7 5 0  i n c h ;  however ,  t h e  o t h e r  d i m e n s i o n s  a r e  t h e  same a s  
shown. 

One,  t w c ,  o r  t h r e e  resistors a r e  u s e d  d e p e n d i n g  upon t h e  
s i z e  of  t h e  t e s t  s p e c i m e n  and t h e  f l u x  r a t e  r e q u i r e d .  Wi th  t h ~  
r a s i s t o r s  r u n  h c r i z o n t a l l y ,  s u p p o r t  r o d s  h a v e  t o  be u s e d  t o  
p r e v e n t  t h e  r es i s to r  f r o m  s a g g i n g  a n d  c l o s i n g  t h e  g a p ,  t h e r e b y  
s h o r t i n g  o u t  s e c t i o n s .  When t h e  r e s i s t o r s  are mounted 
v e r t i c a l l y ,  n o  s u p p o r t s  a r e  n e c e s s a r y .  E l e c t r i c a l  a r c i n g  a c r o s s  
t h e  r e s i s t o r  s l o t s  i s  r e d u c e d  b y .  b l o w i n g  i n e r t  g a s  a c r o s s  t h e  
g r a p h i t e s  f r o m  a  m a n i f o l d .  

H e a t  F l u x  L e v e l s  A .  --------------- 
The i n c i d e n t  f l u x  l e v e l s  o b t a i n a b l e  w i . 1 1  r a n g e  f rom 

t h e  maximum f l u x  l e v e l  obtainable from t h e  q u a r t z  l amp  up t o  
a b o c t  420 B t u / s q  f t - s e c . . . i n c i d e n t  .. The maximum l e v e l  a t t a i n a b l e  
o n  a n y  t e s t  s p e c i m e n  d e p e n d s  upon  t h e  s h a p e  a n d  s i z e  o f  t h e  i t e m  
and  w h e t h e r  or  n o t  i t  c a n  b e  mounted i n  a  t e s t  f i x t u r e  t h a t  h a s  a  
h i g h  r e f l e c t i v i t y .  

A l l  o f  t h e  h i g h e r  f l u x  l e v e l s  h a v e  been  o b t a i n e d ,  
u s i n g  a s h u t t e r  i n  f r o n t  o f  t h e  t e s t  i t e m  EO t h a t  t h e  g r a p h i t e  
r e s i s t o r s  c a n  be  b r o u g h t  up t o  t e m p e r a t u r e  b e f o r e  t h e  t e s t  i t e m  
is e x p o s e d  t o  t h e  h e a t  f l u x .  R e f r a s i l  c l o t h  i s  u s e d  t o  c o v e r  t h e  
s h u t t e r  t o  h e l p  p r o t e c t  it from t h e  h i g h  e x p o s u r e  t e m F e r a t u r e s .  

P u l s e  C h a r a c t e r i s t i c s  B *  -------------- 
1. P u l s e  T y p e s  





T h e r e  a r e  t h r e c ?  main p a r t s  o f  t h ?  h e a t  p u l s e  t h a t  
c a n  b e  v a r i e d .  These  a r e  t h e  r i s e  a n d  f a l l  t i m e  w i t h  t h e i r -  
a s s o c i a t e d  s h a p e s  and t h e  d u r a t i o n  o f  t i m e  a t  t h e  p e a k .  

T h e r e  a r e  s e v e r a l  m e t h o d s  o f  c o n t r o l l i n g  t h e  risa 
t i m e  o f  t h e  h e a t  f l u x  p u l s e .  One method  i s  t o  u s e  t h e  n a t u r a l  
rise i n  t e m p e r a t u r e  o f  t h e  g r a p h i t e  r e s i s t o r  w h i c h  r u n s  a b o u t  20 
s e c o n d s  f o r  a  t e m ~ e r a t u r e  r e q u i r e d  t o  r e a c h  350 B t u / s q  f t . - s e c .  A 
slower r i s e  t i m e  t h a n  t h e  a b o v e  method c a n  be o b t a i n e d  by 
~ r o g r a m m i n g  power t o  t h e  r e s i s t o r s  a t  a  slower r a t e .  A n o t h e r  
method  is t o  u s e  a  s h u t t e r  be tween  t h e  g r a p h i t e  resistors and t h e  
t e s t  i tem.  The r e s i s t o r s  a r e  b r o u g h t  u p  t o  t h e  r e q u i r e d  
t e m p e r a t u r e ,  t h e  s h u t t e r  i s  o p e n e d ,  a n d  t h e  r ise  t i m e  is  
p r a c t i c a l l y  i n s t a n t a n e o u s .  

F a l l  Time 3 -  - - - - -  

The f a l l  o f f  d u e  t o  t h e  n a t u r a l  c o o l i n g  of t h c  
g r a p h i t e  r c s i s t c r s  t o  20 p e r c e n t  o f  max f l u x  o c c u r s  i n  
a ~ p r o x i m a t e l y  10 s e c o n d s .  The  h e a t  ' f l u x  c a n  be  c u t  o f f  n e a r  t h e  
end  o f  t h e  p u l s e  by t h e  u s e  of t h e  s h u t t e r  which  c a u s e s  a  s u d d e n  
d r o p  o f  t h e  f l u x  t o  z e r o .  The  h e a t  f l u x  c a n  a l s o  b e  c u t  o f f  a t  
maximum h e a t  f l u x  by t h e  u s e  o f  a  s h u t t e r .  

P u l s e  D u r a t i o n s  4 -  ------------- 
The p u l s e  d u r a t i o n  i s  d e p e n d e n t  upon t h e  p e a k  

peer i n p u t  l e v e l .  I n  g e n e r a l ,  t h e  h i g h e r  t h e  f l u x  l e v e l ,  t h e  
s h o r t e r  t h e  p l s e  d u r a t i o n  t h a t  c a n  be o b t a i n e d .  A l e v e l  o f  350  
B tu / sq  f t - s e c  c a n  be m a i n t a i ~ e d  f o r  a p p r o x i m a t e l y  30 s e c o n d s  i f  a  
good  r e f l e c t i v e  s u r f a c e  i s  used t o  h o l d  t h e  t e s t  s p e c i m e n .  

H e a t e r  A r r a y  D e s i g n  c -  ----------- ----- 

Most t e s t s  a r e  run  u s i n g  t h e  g r a p h i t e  resister h e a t e r  
a r r a y s  w i t h  a w a t e r  c o o l e d  and g o l d  p l a t e d  r e f l e c t o r  b e h i n d  t h ~  
g r a p h i t e  r e s i s t o r s  t o  r e f l e c t  a s  much o f  t h e  r a d i a n t  e n e r g y  a s  
p o s s i b l e .  O t h e r  a r r a y s  nay  be d e s i g n e d  t o  f o l l o w  t h e  c o n t o u r  of  
v a r i o u s  s h a p e s .  These  would t h e n  b e  backed  by a  w a t e r  - c o o l e d ,  
g o l d - p l a t e d  r e f l e c t o r  wh ich  wou ld  a l s o  s u p p o r t  t h e  e l e c t r c d e  r o d s  
s c r e w e d  i n t o  t h e  r e s i s t o r s .  



3. 1. 8  N A S A  Hioh T e m p e r a t u r e  Loads  C a l i b r a t i o n  L a b o r a t o r y ,  "Hpa+ 
F a c i l i t y , "  Edwards A i r  F o r c e  B a s e ,  C a l i f .  

I n t r o d u c t i o n  ----------- 

The  NASP Hign T e m ~ e r a t u r e  L o a d s  C a l i b r a t i o n  L a b c r a t o r y  a t  
t h e  F l i g h t  R e s e a r c h  C e n t e r ,  E d w a r d s ,  C a l i f o r n i a ,  h a s  t h o  
c a p a b i l i t y  o f  t e s t i n g  s t r u c t u r  a 1  componen t s  and  c o m p l e t e  v e h i c l e s  
i l n d e r  t h e  combined  e f f e c t s  of  l o a d s  and  t e m p e r a t u r e s ,  and 
c a l i b r a t i n g  a n d  e v a l u a t i n g  f l i g h t  l o a d s  i n s t r u m e n t a t i o n  u n d e r  
c o n d i t i o n s  e x p e c t e d  i n  f l i g h t .  The l a b o r a t o r y  p r o v i d e s  c l o s e  
s u p p o r t  o f  f l i g h t - t o - f l i g h t  p r o g r a m  p l a n n i n g  by s t r u c t u r a l -  
i n t e g r i t y  t e s t i n g ,  instruments t i o n  c a l i b r a t i o n s ,  and a n a l y s i s  o f  
u n e x p e c t e d  p r o b l e m s  e n c o u n t e r e d  i n  t h e  c o u r s e  o f  e x ~ l o r a t o r y  
f l i g h t s .  

. G e n e r a l  Descrigt i o n  ------------ --- 

Tllr  1 d l u r d t ; u r  y is ct I i a r i y d ~ - t  ypl-' S ~ L I I C ~ U L  e w i t t i  a s~na f l. 
s h o p  a n d  o f f i c e  a r e a  a t t a c h e d  t o  one  end  t o  accommodate  t h e  
o g e r a t i o n s  s t a f f .  I t  i s  l o c a t e d  a d j a c ~ n t  t o  R o g e r s  Dry Lake and 
i s  c o n n e c t e d  t o  t h e  d r y  l a k e  a n d  t h e  E d ~ i a r d s  A i r  F o r c e  Ease  
r u n w a y s  by  a  ramp a n d  t a x i w a y .  

H a n g a r  T e s t  P-rea.  F i g u r e  17  i s  a  s k e t c h  o f  t h e  b u i l d i n g  --- ------------ 
l a y o u t .  The  h a n g a r - d o o r  o ~ e n i n g  i s  40 f e e t  ( 1 2 . 2  mctters) h i s h  
a n d  136  f e e t  (41.6 m e t e r s )  w ide .  A d d i t i o n a l  a c c e s s  t o  t h e  t e s t  
a r e a  f r o m  t h e  e x t e r i o r  i s  p r o v i d e d  by p e r s o n n e l  d c o r s  and a n  
e q u i p m e n t  d o o r .  Access t o  t h e  t e s t  a r e a  f rom t h e  s h o p  a r e a  i s  
p r o v i d e d  by t w o  e q u i p m e n t  d o o r s .  T h e  u n o b s t r u c t e d  t e s t  a r e a  i s  
150 f e e t  ( 4 5 . 7  m e t e r s )  l o n g  b y  1 2 0  f e e t  ( 3 6 . 6  m e t e r s !  w i d e  by 40 
f e e t  ( 1 2 . 1  meters) h i g h .  T h e r e  a r e  16 t i e d o w n  s l o t s  s ~ a c e d  6 
f e e t  (1 .8  m e t e r s )  a p a r t ,  7  i n s t r u m e n t  w i r e  t r e n c h e s ,  7 e l e c t r i c a  1 
power  t r e n c h e s ,  a n d  5 mechanica  1 t r e n c h e s .  

The  c r o s s - s e c t i o n a l  d i m e n s i o n s  o f  t h e  t r e n c h e s  a r e  10 
i n c h e s  (25.4 c e n t i m e t e r s )  by 1 2  i n c h e s  ( 3 0 . 5  c e n t i m e t e r s )  . The 
m e c h a n i c a l  t r e n c h e s  d i s t r i b u t e  h y d r a u l i c  power ,  w a t e r ,  and 
c o m p r e s s e d  a i r  t o  t h e  t e s t  a r e a .  T h e  maximum l o a d  c a p a b i l i t y  of 
t h e  t i e d o w n  s l c t s  i s  1 5 , 0 0 0  pounds  ( 6 7 , 0 0 0  n e w t o n s )  u p l i f t  e v e r y  
2 f e e t  (0 .6  me te r ) .  F i g u r e  1 8  shows a s k e t c h  o f  a  t y p i c a l  
t i e d o w n  s l o t .  A 5- t o n  (44 ,000-newton)  o v e r h e a d  c r a n e  s e r v i c e s  
t h e  e n t i r e  h a n g a r  t e s t  a r e a .  



C o n t r o l  :.corn. ' I  c o n t r o l  room f o r  t h e  h e a t i n s  
e q u i p m e n t ,  l o a d i n g  e q u i p m e n t ,  and  d a t a - a c q u i s i t i o n  s y s t e m  i c  o n  
t h e  s econd  f l o o r .  Two o b s e r v a t i o n  windows,  1 1  f e e t  (3 .4  m e t e r s )  
w i d e  by 4 f c e t  (1 .2  m e t e r s )  h i g h ,  and  a  c l o s e d - c i r c u i t  t e l e v i s i o n  
s y s t e m  a r e  p r o v i d e d  f o r  m o n i t o r i n g  t h e  t e s t  a r e a .  The  t e l ~ v i z i o n  
s y s t e m  h a s  s e v e r a l  c a m e r a s  which c a n  be p o s i t i o n e d  i n  t h o  h a n a a r  
t e s t  a r e a ;  o n e  can  b e  c o n t r o l l e d  r e m o t e l y  f r o m  t h e  c o n t r o l  room 
f o r  tilt, p a n ,  e l e v a t i o n ,  f o c u s ,  a n d  zoom. A t w c - c h a n n e l  
i n t e r c o m m u n i c a t i o n  s y s t e m  i s  p r o v i d e d  be tween  t h e  c o n t r o l  room 
a n d  t h e  t w e l v e  a c q u i s i t i o n  s i t e s  o f  t h e  d a t a - a c q u i s i t i o n  s y s t e m  
i n  t h e  h a n q a r  t e s t  a r e a .  A u d i o  a n d  v i d e o  t a p e  m a c h i n e s  p r o v i d e  
v o i c e  communica t ion  and  v i s u a l  r e c o r d i n g  o f  t h e  t e s t .  

Power D i s t r i b u t i o n .  Twen ty  m e g a w a t t s  o f  4 8 0 - v o l t ,  t h r e p -  
p h a s e ,  6 0 - c y c l e  pcwer  a r e  a n i l a b l e  f o r  d i s t r i b u t i o n  t o  512 s o l i d  
s t a t e  SCR, o r  2.3  m e g a w a t t s  t o  24 i g n i t r o n  power r e g u l a t o r s .  
H y d r a u l i c  powcr c o n s i s t s  o f  a  4 .5  g a l l o n  p e r  m i n u t e  (284  c u b i c  
c e n t i m e t e r  F e r  s e c o n d )  s u p p l y  o p e r a t e d  a t  3000  pounds  p e r  s q u a r e  
i n c h  ( 2 0 . 7  meganewtons p e r  s q u a r e  met  ~ r )  . Compressed a i r  i s  
s u p p l i e d  by a  125-hc r sepower  ( 9 3 , 2 5 0 - w a t t )  c o m p r e s s o r  c a r a b l e  o f  
d e l i v e r i n g  845 c u b i c  f e e t  p e r  m i n u t e  (0.398 c i l b i c  m e t e r  p e r  
s e c o n d )  a t  60 pounds  p e r  s q u a r e  i n c h  (413 - 7  k i l o n e w t o n s  p r  
s q u a r e  m e t e r ) .  

E g g F ~ i r e n t  ~ o n f i q u r a  t i o n  and  c a p a b i l i t i e s  - 

H y d r a u l i c  a n d  The rma l  Load C o n t r o l  Sys t ems .  - - _ _ _ _ _ _ - _ _ _ - _ _ _ - _ _ _ _ - - _ _ _ _ - _  __--- Thp 
h y d r a u l i c  and  t h e r m a l  l o a d  c o n t r o l  s y s t e m s  have  t h e  c a p a b i l i t y  o f  
l o a d i n g  and  h e a t i n g  t e s t  s p ~ c i m e n s  s i m u 1 t a n e o ; l s l y  by f  c l l o w i n q  
p r o g r a m s  o f  l o a d  and  t e m p e r a t u r e .  The h y d r a u l i c  a n d  t h e r m a l  l c a d  
c ~ n t r o l  s y s t e m s  a r e  programmed by t h e  same t y F e  o f  f u n c t i . o n  
g e n o r a t o r  a n d  by s i m i l a r  c o n t r o l l e r s .  Eo th  t h e  f u n c t i o n  
g e n e r a t o r s  and  t h e  h y d r a u l i c  and  t h e r m a l  l o a d  c o n t r c l l e r s  a r e  
d i g i t a l  d s v i c e s .  

Two m a n u a l l y  o p e r a t e d  a i r -  h y d r a u l i c  pumps a r e  a l s o  
a v a i l a b l e  f o r  manual  l o a d i n g  of  s t r u c t u r e s  w i t h  h y d r a u l i c  j a c k s .  
The c a p a c i t y  o f  e a c h  j a c k  is a p p r o x  i m a t e l y  8 , 0 0 0  pounds  (35 .  6 
k i l o n e w t o n s ) .  

T h e r m a l  Lcadin%_System. The a v a i l a b l e  programmed h e a t i n s ,  ------------- 
e q u i p m e n t  c o n s i s t s  o f :  ( 1 )  a  512 c h a n n e l  d i r e c t  d i g i t a l  c o n t r o l  
s y s t e m  e m p l o y i n g  s o l i d  s t a t e  SCR power r e g u l a t o r s  c a F a b l e  of a 
t o t a l  o f  20 m e g a w a t t s  a v a i l a b l e  f o r  a  s i n g l e  t e s t ,  o_g (2) 24 
a n a l o g  c h a n n e l s  u s i n g  i g n i t r o n  power  r e g u l a t o r s ,  e a c h  w i t h  a  
Fower c a p a c i t y  o f  100  k i l o w a t t s .  E l e c t r i c a l  Fower Is c o n n e c t e d  
t o  t h s  power c o n t r o l  c h a n n e l s  f r o m  t h e  t r a n s £  o r m e r s  w i t h  b u s  
b a r s .  C o n n e c t i c n  o f  e l e c t r i c a l  power  t o  t h e  l a m p s  i s  by f l e x i b l e  
c a b l e  k i t h  h i g h - t e m p e r a t u r e  i n s u l a t i o n .  C a b l e s  t o  t h e  l amps  a  r e  
r o u t e d  t h r o u g h  f l o o r  t r e n c h e s .  

The p r i m a r y  p r o t e c t i v e  or  f a i l - s a f e  c a p a b i l i t y  u s e d  w i t h  
t h e  h e a t i n g  e q u i ~ x e n t  i s  a  v o l t a g e - l i m i  t i n g  s y s t e m  which  e n a b l e s  
t h e  o p e r a t o r  t o  l i m i t  t h e  v o l t a u e  a p p l i e d  t o  t h e  h e a t  l a m p  f o r  
e a c h  c h a n n e l  c o n t r o l .  To u s e  t h i s  s y s t e m  e f f e c t i v e l y  it i s  
n e c e s s a r y  t o  know t h e  amount o f  power  n e e d e d  t o  a c h i e v ~  t h e  



h e a t i n g  r a t e s  a n d  t 2 m p e r a t u r e  l ~ v e l s  r e q u i r e d  by t h e  t e s t s .  Once 
t h i s  i n f o r m a t i o n  i s  know, i t  i s  n e c e s s a r y  t s  l i m i t  t h e  p0wc.r 
a p p l i e d  t o  e a c h  c h a n n e l  t o  a v o i d  e x c e e d i n g  t h e s e  v a l u e s .  

Heat  i s  a p p l i e d  t o  t.he s p e c i m e n  t h r o u g h  t h e  u s e  o f  
i n f r a r e d  q u a r t z  l amps  w h i c h  a r e  a v a i l a b l e  i n  v a r i o u s  l e n g t h s  f rom 
a  5 - i n c h  ( 1 2 . 7 - c e n t i m e t e r )  l i g h t e d  l e n g t h  t o  a  3 2 - i n c h  (81 - 3 -  
c e n t i m e t e r )  l i g h t e d  l e n g t h .  R e f l e c t o r  a r r a n g e m e n t s  a r e  r e a d i l y  
a d a p t a b l e  t o  i n d i v i d u a l  r e q u i r e m s n t s  f o r  h e a t i n g  r a t e s  i n  t h e  
r a n g e  o f  0  t o  i 00 B t u / s q  f t - s e c  (1.13 MWsq m )  and  t e m p e r a t u r e s  
u p  t o  3000 d e g r e e s  F (1922  d e g r e e s  K ) .  

D a t a - A c a u i s i t i o n  S y s t e m .  The i n s t r u m e n t s  whose o u t p u t s  a r e  
t o  b e  r e c o r d e d  a r e  c o n n e c t e d  t o  a c q u i s i t i o n  I1si test1 n e a r  t h e  t e s t  
s e t u p .  Each  a c q u i s i t i o n  s i t e  c a n  accommodate  up t o  100 c h a n n e l s  
of  a n y  i n s t r u m e n t a t i o n  mix.  T w e l v e  a c q u i s i t i o n  s i t e s  a r e  
a v a i l a b l e ,  so t h a t  t h e  s y s t e m  c a n  h a n d l e  u p  t o  t w e l v e  h u n d r e d  
c h a n n e l s ,  The  s i t e s  c o n t a i n  s i q n a l  con  d i t  i o n i n u  a n d  s t r a i n - g a g e -  
b r i d g e  b a l a n c i n g  e q u i p m e n t .  They a l s o  c o n v e r t  d a t a  f r o m  a n a l o s  
t o  d i g i t a l  f o r m  f o r  t r a n s m i s s i o n  t o  t h e  c o n t r o l  room. T h i s  
c o n f i g u r a t i o n  r r i n i m i z e s  e f f e c t s  of e l e c t r i c a l  n o i s e  g e n e r a t e d  by 
t h e  t h e r m a l  l o a d i n g  s y s t e m .  Each s i t e  h a s  i t s  own a i r -  
c o n d i t i o n i n g  u n i t  t o  i m ~ r o v e  t h e  r e l i a b i l i t y  o f  i t s  p e r f o r m a n c e  
i n  t h e  c h a n q i n g  t h e r m a l  e n v i r o n m c n t .  

The d a t a  a c q u i r e d  by t h e  a c q u i s i t i o n  s i t e s  a r e  r o u t e d  t o  
t h e  c o n t r o l  c o n s o l e ,  w h i c h  is t h e  i n t e r f a c e  be tween  t h e  t e s t  
c o n d u c t o r  a n d  t h e  d a t a - a c q u i s i e i o n  s y s t e m .  The c o n s o l e  c o n t a i n s  
a  n u n b e r  o f  d i s p l a y s  w h i c h  k e e p  t h e  t e s t  c o n d u c t o r  in formed a b o u t  
t h e  p r o g r e s s  c f  t h e  t e s t .  The c o n t r o l  c o n s o l e ,  i n  t u r n ,  
c o m m u n i c a t e s  w i t h  a  h i g h - s p e e d  d i g i t a l  compu te r  w h i c h  a c t s  a s  a  
command a n d  c c n t r o l  d s v i c e  f o r  t h e  d a t a - a c q u i s i t i o n  s y s t e m .  
Under  s t o r e d  p r o g r a m  c o n t r o l ,  it commands t h e  c h a n n e l  s a m p l i n s  
s s q u e n c e  a n d  t h e  s e n s i t i v i t y  a t  which  e a c h  c h a n n e l  i s  m e a s u r e d .  
Da ta  a r e  f o r m a t t e d  i n  t h e  c o m p u t e r  f o r  o u t ~ u t  m a g n e t i c - t a p e  
u n i t s .  I n f o r m a t i o n  i s  r e c o r d e d  o n  m a g n e t i c  t a p e  i n  IBM 360 9- 
t r a c k  f o r m a t .  D a t a  a r e  r e d u c e d  o n  t h e  NASA F l i g h t  R e s e a r c h  
C e n t e r  Sys t em 360 g e n e r a l - p u r p o s e  c o m p u t e r .  

Numer i c  d i s ~ l a y s  of t e s t  t i m e  and d a t a  f rom any onF- 
c h a n n e l  ( r e d u c e d  t o  e n g i n e e r i n g  u n i t s  i f  d e s i r e d )  and  a  b a r  g r a p h  
d i s p l a y i n g  a n a l o g  l i n e s  whose l e n g t h s  a r e  p r o p o r t i o n a l  t o  d a t a  
f r o m  a n y  32 s e l e c t e d  c h a n n e l s  a r c  a v a i l a b l e  a t  t h e  c o n t r o l  
c o n s o l e .  A l s o ,  t h r e e  s t r i p - c h a r t  r e c o r d e r s  a r e  c o n n e c t e d  t o  t h o  
c o n t r o l  c o n s o l e  t o  p r o v i d e  q u i c k - l o o k  a n a l o g  t i m e  h i s t o r i e s  of  u p  
t o  24 c h a n n e l s  cf i n f o r m a t i o n .  I f  d e s i r e d ,  an X - Y  p l o t t e r  c a n  be 
c o n n e c t e d  t o  t w o  s t r i p - c h a r t  c h a n n e l s  t o  p r o d u c e ,  i n  r e a l  t i m ~ ,  a  
p l c t  o f  o n e  v a r i a b l e  v e r s u s  a n o t h e r .  Twenty a l a r m  l i g h t s .  are  
a v a i l a b l e  t o  i n d i c a t e  n o t e w o r t h y  or h a z a r d o u s  c o n d i t i o n s .  The 
l i g h t s  c a n  a l s o  b e  used  f o r  au toma t i c  t e s t  s h u t d o w n .  Tc o b s e r v e  
t h e  t e s t ,  t h e  t e s t  c o n d u c t o r  s i t s  i n  f r o n t  o f  a l a r g e  window 
o v e r l o o k i n g  t h e  t e s t  a r e a .  F o r  more d e a i l e d ,  c l o s e - U F  v i e w i n g ,  
c l o s e d -  c i r c u i t  t e l e v i s i o n  i s  p r o v i d e d .  The c o n t r o l  room, w h i c h  
i s  remote f r o m  t h e  t e s t  a r e a ,  can  b e  c c n n e c t e d  by a n  i n t e r -  
c o m m u n i c a t i o n  s y s t e m  t o  a n y  a c q u i s i t i o n  s i t e .  



I n s t r u m e n t a t i o n .  ------------- The t r a n s d u c e r s  a v a i l a b l e  f o r  IISP i n  
t h e  f a c i l i t y  i n c l u d e  s t r a i n  g a q e s ,  t 5 e r m o c o u p l e s ,  l o a d  co l l s ,  and  
~ o s i  t i o n  t r a n s d u c e r s .  

A ~ t r a ' i n - ~ a ~ e  l a b o r a t o r y  w i t h i n  t h e  f a c i l i t y  p r c v i d e s  t.hc 
c a p a b i l i t y  f o r  i n s t a l l i n g  ar.d t e s t i n g  s t r a i n  g a g e s  u n d e r  
€ n v i r o n m e n t a l  c o n d i t i o n s  o f  h e a t  and  l o a d .  V a r i c u s  t y ~ c - s  of 

. s t r a i n  g a g e s ,  i n c l u d i n g  t h o s e  r e q u i r i n g  welded  and  f l a m e - s p r a y  
a t t a c h m e n t s ,  can  be i n s t a l l e d .  T h ~ r r n o c o u ~ ~ ~ s  c a n  a l s o  b e  
i n s t a l l e d  i n  t h e  s t r a i n - g a g e  l a b o r a t o r y .  The t h e r m o c o u p l e s  u s e d  
a r e  . t y p i c a l l y  s p o t - w e l d e d  c h r o m e l - a l u m e l .  

F o r t y -  e i g h t  ~ o t e n t i o m e  t r i c  d i  s p l a c e m e n t  t r a n s d u c e r s  a r e  
a v a i l a b l e  w i t h  t h e  f o l l o w i n g  s p e c i f i c a t i o n s :  

------Ranqe--------- ---------- R e s o l u t i o n  C a b l e .  ------------- T e n s i o n  Q u a n t i t y  
i n .  c m .  i n .  mm . --- o z .  --- N ---------- ---------- ----- ---- 

0  t o  1 0  t o  2 . 5 4  2:. 0 0 2  ' 0  . 0 5  9 .-2.. 5 : 4  
0  t o  6  0  t o  . 1 5 . 2 4  +' .011 . - 2 8  9  2 . 5  14 
0  t o  1 2  0  t o  3 0 . 4 8  2 . 0 2 2  - 5 6  9 2 . 5  1 2  
0  t o  1 2 ( a )  0  t o  3 0 . 4 8  k . 0 1 7  . 4 3  1 9  5 . 3  4  
0  t o  24  0 t o  6 0 . 9 6  2 . 0 4 2  1 . 0 7  111 : 3'.9 1 4  

(a)  T h i s  t r a n s d u c e r  h a s  a  s e p r a b l e  c a b l e  which p e r m i t s  the 
c a b l e  t o  r e 1 , e a s e  when i t s  r a n g e  i s  e x c e e d e d  w i t n o u t  damage 
t o  t h e  c o n ~ c n e n t  ~ a r t s .  

Twen ty - fou r  d i  a l - g a g e  d i s p l a c e m e n t - m e a s u r i n g  d e v i c e s  a r e  
a l s o  a v a i l a b l e  w i t h  r a n g e s  v a r y i n g  f r o m  3/8 i n c h  ( 0 . 9 5  
c e n t i m e t e r )  t o  4  i n c h e s  (1  0 . 1 6  c e n t i m e t e r s )  . . 
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3.1. 9 R a d i a n t  H e a t  F a c i l i t y ,  F l i g h t  Cynamics  L a b o r a t o r y ,  
W r i g h t - P a t t e r s o n  A i r  F o r c e  B a s € ,  Daytor , ,  Ohio.  

The f i igh  F l u x ,  High T e m p e r a t u r e  f a c i l i t y  is i n  t h ~  
S t r u c t u r e s  L a b o r a t o r y .  E m ~ l o y i n g  q u a r t z  l a m p s  and g r a p h i t e  
r a d i a n t  h e a t e r s ,  t h i s  f a c i l i t y  i s  c a p a b l e  o f  f l u x  l e v e l s  i n  
e x c e s s  o f  100 W/sq c m  w i t h  a  c o n t i n u o u s . i n p u t  power o f  23  MWG and  
o v e r  50 MWe f o r  a  f i v e  m i n u t e  p e r i o d .  .A g r e a t  d e a l  o f  n u c l e a r  
p u l s e  s i m u l a t i c n  work  i s  b e i n g  c o n d u c t e d  on  tcst p a n e l s  o f  up  t o '  
6  f t  by '6 f t .  G r i d  f l u x  c o n t r o l  f i e x i b i l i t y  c a n  be  a c h i e v e d .  
N e a r l y  2 ,000  d a t a  c h a n n e l s  are a v a i l a b l e  a s  i s  i n s t r u m e n t a t i o n .  
T h i s  l a b o r a t o r y  i s  manFower l i m i t e d  f o r  t h e  n e x t  y e a r  and  
c u r r e n t l y  f u l l y  s c h e d u l e d  w i t h  tes ts .  ~ v a i l a b i l i t y  beyond t h a t  
t i m e  i s  n o t  c e r t a i n ,  

The n e e d  f o r  c o n d u c t i n g  s t r u c t u r a l  t e s t  p r o g r a m s  a t  
e l e v a t e d  t e m p e r a t u r e  h a s  r e s u l t e d  i n  t h e  f a c i l i t y  a s  it s t a n d s  
t o d a y .  50, 000 KW o f  c o n t r o l l e d  e l e c t r i c a l  power  'is a v a i l a b l e  
w i t h  t h e  n e c e s s a r y  h e a t  c o n t r o l s  and  s w i t c h g e a r  t o  c o n d u c t  t e s t s  
u p  t o  3000 d e g r e e s  F .  A s  a n  i n t e g r a l  p a r t  o f  t h e  f a c i l i t y ,  a  
l a r g e  h i g h  s p e e d  d a t a  a c q u i s i t i o n  a n d  p r o c e s s i n g  s y s t e m  was 
i n c l u d e d  a s  w e l l  a s  ~ r o g r a m r n e d  l o a d i n g  s y s t e m s .  

k l a r g e  l i q u i d  n i t r o g e n  f a c i l i t y ,  i n c l u d i n g  a  10,.000 
g a l l o n  Dewar, c r y o g e n i c  pumping,  p i p i n g  t e s t  b a s i n ,  a n d  b a r r i e r ,  
i s  a v a i l a b l e  w i t h i n  t h e  S t r u c t u r e s  T e s t  F a c i l i t y .  

H e a t i n g  S y s t e m .  With 23 ,000  KVA c o n t i n o u s  power and  a  
peak power o f  50 ,000  KVA a v a i l a b l e  f o r  t e s t i n g ,  t h e  P i r  F o r c e  
F l i g h t  Dynamics  L a b o r a t o r y  S t r u c t u r a l  T e s t  F a c i l i t y  h a s  t h e  
c a p a b i l i t y  o f  t e s t i n g  nany l a r g e  s t r u c t u r e s  w h i l e  s i m u l a t i n g  
t h e i r  t r u e  t h e r m a l  e n v i r o n m e n t .  

I n  ' o r d e r  t o  c o n t r o l  t h i s  l a r g e  amount  o f  p o w z r ,  t w o  
s y s t e m s  a r e  a v a i l a b l e ;  t h e  580 KVP. a n d  t h e  25/60 KVA s y s t e m .  The  
l a r g e r  s y s t e m  h a s  80 c h a n n e l s  o f  580 KVA e a c h .  The c c n t r c l l ~ r s  
f o r  t h i s  s y s t e m  make u ~  w h a t  i s  r e f e r r e d  t o  a s  t h e  Hea t  C o n t r o l  
Computs r  S y s t e m .  The  Heat C o n t r o l  Computer  i s  a m a g n e t i c  drum,  
. e l e c t r o n i c  s t o r a g e  c o m p u t e r  f o r  c a l c u l a t i n g  t h e  amount  o f  power 
r e q u i r e d  t o  . s i m u l a t e  a e r o d y n a m i c  h e a t i n g  or c o o l i n g  o f  a  g i v e n  
t e s t  s p e c i m e n  a n d  t o  c o n t r o l  t h e  f l o w  of e l e c t r i c a l  e n e r g y  i n  
a c c o r d a n c e  w i t h  t h . e s  e c a l c u l a t i o n s .  The  e q u i ~ m o n t  i s  c a  F a b l e  o f  
g e n e r a t i n g  170  s i m u l t a n e o u s  f u n c t i o n s  ( t i m e  v e r s u s  o t h e r  s e l e c t e d  
p a r a m e t e r s )  a n d  s i x  t i m e  b a s e s .  

T h e  a n a l c g  p o r t i o n  of  t h e  equ ipmen t  is  c a p a b l e  o f  
c o n t r o l l i n g  t e s t  t e m p e r a t u r e s  t o  7 5  00 d e g r e e s  F. F u n c t i o n  
g e n e r a t o r s  a r e  p r o v i d e d  f o r  l i n e a r i z a t i o n  o f  s t a n d a r d  
t h e r ~ n o c o u p l e s  arid puwt.1 111ea s u z i n y  dev ices .  

The 25 /60  KVA s y s t e m  p r o v i d e s  210 - 60 KVA c c n t r o l l e r s  
and  550 - 25 KVA c c n t r o l l e r s .  T h e s e  c o n t r o l l e r s  f u n c t i o n  i n  t h e  
t i m e  v e r s u s  t e m ~ e r a t u r e  o r  p r e s e t  Fower l e v e l  modes o n l y .  
Frcqram i n p u t s  t o  t h e  c o n t r o l l e r s  a r e  a n a l o g  s i g n a i s  w h i c h  come 
from e x t e r n a l  f u n c t i o n  g e n e r a t o r s .  



T e m p e r a t u r e s  may be proarammed a s  Heat  F l u x  D e n s i t y  ( Q )  
or Time T e m p e r a t u r e ,  b o t h  on  r e a  1 - t i m e  b a s i s .  T h i s  c o n t r o l l e d  
~ l e c t r i c a l  power  f e e d s  s p e c i a l  r a d i a n t - h e a t  l a m p s  i n  custorn 
d e s i g n e d  r e f  l e c t o r  a s s e m b l i e s  t o  a c h i e v e  t h e  t h e r m a l  s i m u l a t i o n .  
Range of  t e m p e r a t u r e  s i m u l a t i o n  is 150 d e g r e 2 s  F t o  3000 d e c j r e ~ s  
F on  l a r g e  s u r f a c e  a r e a s ,  w i t h  h e a t  f l u x e s  o f  110 E t u / s q  f t / s e c .  

D a t a  ~ c g u i s i t i o n  a n d  P r o c e s s i n q - S y s t e m .  ------- -------------------- The  Dat a  
~ c q u i s i  t i o n  S y s t e m  p r o v i d e s  a  c o m p l e t e  i n s t r u m e n t a t i o n  c a  ~ a b i  lit y 
i n  s u p ~ o r t  o f  t h e  s t r u c t u r a l  i n t e g r i t y  t e s t i n g  p e r f c r m e d  on 
a d v a n c e d  a e r o s p a c e  v e h i c l e s .  The measu remen t s  p e r f o r m e d  by t h i s  
s y s t e m  f a l l  i n t o  t w o  b a s i c  categories: i n d i c a t i o n s  o f  s t r u c t u r a l  
r e s p o n s e ,  a n d  e n v i r o n m e n t a l  c o n t r o l  s y s t e m  f e e d b a c k  s e n s i n g .  

The h e a r t  o f  t h e  i n s t r u m e n t a t i o n  i s  t h e  D a t a  A c q u i s i t i o n  
a n d  P r o c e s s i n g  S y s t e m  (CAPS) w h i c h  h a s  1 9 2 8  d a t a  c h a n n e l s .  , T h i s  
s y s t e m  i s  a  t i n e - s h a r e d  commuta t e d  s y s t e m ,  w i t h  maximum s a m p l i n g  
r a t e s  o f  100 s a m p l e s  p e r  c h a n n e l  p e r  s e c o n d .  A l l  d a t a  a r e  
c c n v e r t e d  i n t o  d i g i t a l  f c r m  and  a r e  b o t h  r e c o r d e d  o n  m a g n e t i c  
t a p e  a n d  e n t e r e d  o n - l i n e  i n t o  a  CDC-160QE c o m p u t e r  which  p r o d u c e s  
a  r e a l - t i m e  t e s t  d a t a  d i s p l a y .  R e c o r d e d  d a t a  c a n  be  ~ r o c e s s e d  
l a t e r  ( o f f - l i n e )  by t h e  same compu te r .  The r ; y s t s r n t s  h a r d  cupy 
o u t p u t  i s  b o t h  t a b u l a r  and g r a p h i c a l ,  on p a p e r ,  a n d / o r  on  
m i c r o f i l m .  T h e  r e a l - t i m e  c o n t i n u o u s  m o n i t o r i n g  o f  s ' c r u c t u r a  1 
r E s p o n s e  by a d v a n c e d  c o m ~ u t i n g  e q u i p m e n t  r ~ s u l t s  i n  a f a i l u r e -  
p r e d i c t i o n  a n d  p r e v e n t  i o n  c a p a b i l i t y  t h a t  ~ r e c l u d e s  c a t a s t r o ~ h i c  
f a i l u r e .  

The e l e c t r i c a l  o u t p u t s  f rom t h e s e  t r a n s d u c e r s  a r p  
r e c o r d e d  by a  v a r i e t y  o f  i n s t r u m e n t s ,  d e p e n d i n g  o n  t h e  n a t u r e  of 
t h e  p a r t i c u l a r  t e s t .  The p r i m a r y  d a t a  a c q u i s i t i o n  d e v i c e  
u t i l i z e d  f o r  t h e  m a j o r i t y  o f  t e s t s  is  t h e  High  S p e e d  D i g i t a l  Da ta  
H a n d l i n g  . S y s t e m .  

I t  i s  t h i s  r a p i d  r e s p o n s e  c a p a b i l i t y  w h i c h  a l l o w s  
m e a n i n g f u l  a p p l i c a t i o n  o f  l i m i t - a l a  rming  a n d  f a i l u r e  i n d i c a t i o n  
m e t h o d s .  F a i l u r e  p r e d i c t  i o n ,  t o g e t h e r  w i t h  c o m p u t e r  c c n t r o l  of  
t e s c  i n p u t  p a r a m e t e r s  c a n  f o r m  t h e  b a s i s  o f  a  c o m p l e t e l y  
a u t o m a t e d  t e s t  p rog ram.  The s e n s o r s  mos t  u t i l i z e d  i n  t h i s  work 
a r e  c a p a b l e  o f  r r e a s u r i n g  f o r c e ,  e l o n g a t i o n ,  a c c e l e r a t i o n ,  f l o w ,  
p r e s s u r e ,  t h e r m a l  h e a t  f l u x ,  c r y o g e n i c  a n d  e l e v a t e d  t e m ~ e r a t u r e ,  
and  u n i t  e l o n g a t i c n  ( s t r a i n )  o v e r  a  b r o a d  t e m p e r a t u r e  r a n g e .  

A N / G J Q -  9 Prosz-ammer C o ~ i ~ ~ a r a t o ~  The A W G J Q - 9  Programmer 
C c m p a r a t o r  (Q-9)  is  a c e n t r a l  c h e c k o u t  s y s t e m .  t h a t  a u t o m a t i c a l l y  
c o o r d i n a t e s  t h e  a c t i v i t i e s  o f  s e v e r a l  s y s t e m s  i n  t h e  S t r u c t u r e s  
T e s t  F a c i l i t y .  

The Q-9 c a n  e n e r g i z e  e q u i p m e n t ,  c h e c k  i t s  c o n d i t i o n ,  p u t  
i t  i n t o  o p e r a t i o n ,  a n d  s h u t  i t  down. The Q-9 a l s o  h a s  t h o  
c a p a b i l i t y  o f  r e c o r d i n g  t h e  p e r f o r m a n c e  o f  a  p i e c e  o f  e q u i p m e n t  
a s  w l l  a s  a n y  m a l f u n c t i o n s  t h a t  o c c u r  d u r i n g  t h e  p r o c e s s .  I n  
t h e  e v e n t  of a m a l f u n c t i o n  t h a t  c a n n o t  be  r e c t i f i e d ,  t h e  Q-9 c a n  
b e  maCe t o  . s u b s t i t u t e  a l t e r n a t e  e q u i p m e n t  a n d  c o n t i n u e  t h ~  
o v e r a l l  p l a n .  



S i n c e  t h e  Q-9 c a n  s e n s e  2000 t e s t  p o i n t s  a n d  ~ e r f o r m  
a n o t h e r  2 0 0 0  o ~ e r a t i o n s ,  i t  i s  o x t r o m e l y  u s ~ f u l  i n  c o n d u c t i n g  
l a q o  a n d  c o m p l e x  t e s t  p r o q r a n l s  w h e r e  e l e c t r i c a l ,  electronic , 
h y d r a u l i c ,  F n e , u r r a t i c ,  a n d  c r y o g e n i c  s y s t e m s  a r e  i n v o l v e d ,  t h u s  
s a v i n g  a  t r e m e n d o u s  amount  o f  manpower and  t ime.  

D e m i n e r a l i z e d  W a t e r  S y s t e m  ------------ - ----- 

D e s c r i z t i c n .  T h e  d e r ~ i n e r a l i z  e d  w a t e r  s y s t e m  i s  made u p  ------ --- 
o f  t h e  R a d i a n t  C o o l i n g  W a t e r  C i r c u l a t i n g  S y s t e m ,  t h e .  I?. F .  
C o o l i n g  Water C i r c u l a t i n g  S y s t e m ,  a n d  t h e  w a t e r  D e m i n e r a l i z i n g  
F l a n t .  

a .  R a d i a n t  C o o l i n g  W a t e r  C i r c u l i t i n g  S y s t e m  
Maximum w a t e r  t e m p e r a t u r e  i n  

s y s t e m  , . . . . . . . . , . . . 1 1 3  d e g r e e s  F 
W a t e r  c i r c u l a t e d  , . . . . , , . , € 0 0  G. F.M. 
V o l i l m e  o f  w a t e r  i n  s y s t e m  - . . . 2 0 0 0  G a l l o n s  
R a t e  o f  h e a t  r e m o v a l  . . . . . . . 4 , 4 4 0 , 0 0 0  E t u / h r  

b.  R: F. C o o l i n g  W a t e r  C i r c u l a t i n g  S y s t e m  
I\laximum w a t e r  t e m p  r a  t u r e  i n  

s y s t e m .  - . , . . . , , , . 1 2 0  d e g r e o s F  
W a t e r  c i r c u l a t e d  , . . . . . . . . 3 4 4 0  G.P.M. 
V o l u m e  o f  w a t e r  i n  s y s t e m  . . . - 5 6 0 0  G a l . l o n s  . .  . h - .  
R a t e  o f  h s a t  r e m o v a l  . . . . . . . 1 0 , 0 0 0 , 0 0 0  B t u / h r  

c. T h e  d e m i n e r a l i z i n g  p l a n t  i s  a  t w o  b e d  s y s t e m  
c o n s i s t i n g  o f  a s a n d  f i l t e r ,  c a t i o n  u n i t ,  vacuum d e - a e r a t o r ,  a n d  , 

a  s t r o n g  b a s e  a n i o n  e x c h a n g e r .  I t  i s  d e s i g n e d  f o r  c o n t i n u o u s  
o ~ e r a t i o n  a t  40 GPM a n d  p r o c e s s e s  19,  2 0 0  q a l l o n s  . o f  r a w  w a t e r  . . ... 
b e t w e e n  r e g e n e r a t i o n s .  



D e s i g n e d  e f f l u e n t  q u a l i t y :  
S i l i c a  ( i o n i z e d  s o l u b l e )  n o t  t o  

e x c e e d .  . . . . . . . . . . . . . 0 . 3  PPM 
E l ~ c t r o l y t e  ( i o n i z  ed s o l u b l e  

s o l i d s )  n o t  t o  e x c e e d  . . . . 4 PPM 
C c n d u c t i v i t y  n o t  t o  e x c e e d  . . . 10 micro-ohms 

w h i c h  c o r r e s p o n d s  t o  a  ~ i n i m u m  
s p e c i f i c  r e s i s t a n c e  o f  100,000 
ohms p e r  c u b i c  c e c t i m e t  er . 

( a )  The  r a d i a n t  c o o l i n g  w a t e r  c i r c u l a t i n g  s y s t e m  p r o v i d e s  
l c w  c o n d u c t i v i t y  w a t e r  t o  t h e  80 i g n i t r c n  power c o n t r c l l e r s  i n  
t h e  e l e v a t e d  t e n F e r a t u r e  t e s t  f a c i l i t y .  

(b )  The R F  C o o l i n g  Water  C i r c u l a t i n a  S y s t e r r  i s  u s e d  
a lmos t .  e n t i r e l y  fcr  r e f l e c t c r  c o o l i n g  i n  s u p ~ o r t  of  e l e v a t e d  
t e m F e r a t u r e  t e s t  F r o g r a m s .  'r'he one excep,.Lisrl~ being t h e  ~ ; i r . i y i f ?  
i n d u c t i o n  h e a t i n g  l o o p  un . t h e  4 t l . 1  Lloor . 

(c)  The  w a t e r  d e m i n s r a l i z i n g  p l a n t  i s  u s e d  t-o m a i n t a i n  
kat.ca: q u a l i t y  i n  t h e  t w o  c i r c u l a t i n g  s y s t e m s .  



3.1 .10  .................... Ftadiar l t  Heat F a c i l i t . ~ ,  McConnol l  A i r c r a f t  C o . ,  S t .  L o u i  s ,  
M i s s o u r i .  

D u r i n g  t h e  p a s t  d e c a d e ,  t h e  S p a c e  S i . rnu la t ion  and  S y s t e m s  
L a b o r a t o r i e s  of  t h e  l+jcDonnell A i r  c r a f t  ComFany h a s  b u i l t  \ IF  a 
s u b s t a n t i a l  c a ~ a b i l i t y  i n  t h e  a r s a  o f  h i a h  f l u x  and  h i g h  
t e m p e r a t u r e  r a d i a n t  h e a t e r s .  

B e g i n n i n g  w i t h  q u a r t z  lamp b a n k s  ' this  c a p a b i l i t y  h a s  g rown ,  
w i t h  t h e  i n c e p t i o n  o f  g r a p h i t e  r a d i a n t  h e a t e r s ,  s u c h  t h a t  c o l d  
w a l l  h e a t  f l u x e s  a ~ ~ r o a c h i n g  500 E t u / s q  f t - s e c  a n d .  t e m F e r a t u r e  s 
a p p r o a c h i n g  5000  d e g r e e s  F  a r e  a c h i e v e d  w i t h  t e s t  a r t i c l e  a r e a s  
r a n g i n g  u p  t o  3 2  s q u a r e  f e e t .  

G r a p h i t e  H e a t e r  Expe ri e n c e  

C o n t r a c t u a l  work. 

l1Des ign  and  F a b r i c a t e  a  G r a p h i t e  R a d i a n t  H e a t e r  
C a p a b l e  o f  I2e l . i ve r ing  100 E tu / sq  f t - s e c  over a  1 6 . 5  x  . 26 - inch  
Areal1 ( C o n t r a c t  No. NAS1-8387) . The h e a t e r  a s s e m b l y  was u s e d  by 
NSAS-LRC f o r  e v a l u a t i o n  o f  hydrogen-  c o o l e d  p a n e l s  u n d e r  s i m u l a t e d  
h y p e r s o n i c  f l i g k t  h e a t i n g  c c n d i t i o n s .  

I IDes ign ,  C e v e l o p m ~ n t  , F a b r  i c a t i c n ,  a n d  T e s t i n g  c f  a  
High H e a t  F l u x  P a d i a n t  G r a ~ h i t e  H e a t e r  System1* ( C c n t r a c t  N o .  
NAS1-8921) . The g o a l  of  t h i s  e f f o r t  was t o  d e v e l o p  a  r a d i a n t  
h e a t e r  c a p a b l e  o f  d e l i v e r i n g  250 E t u / s q  f t - s e c  t o  a  f o u r  s q u a r e  
f o o t  c o o l e d  spec imen  i n  a  F r e  s s u r e  e n v i r o n m e n t  be tween  
a t m o s p h e r i c  a n d  250 p s i g .  F i g u r e  19 shows t h e  26 x 2 6 - i n c h  
g r a p h i t e  r a d i a n t  h e a t e r  t h a t  was d e l i v e r e d  t o  NASA-LRC a t  t h e  
c o n c l u s i o n  o f  t h e  e f f o r t .  

. " G r a p h i t e  F a d i m t  H e a t e r  Modu lesu  ( C o n t r a c t  N o .  
F33  (615)  - 69-C-0074) . T h i s  c o n t r a c t ,  w i t h  t h e  AFFDL-WPAFE, was t o  
d e s i g n  a n d  f a b r i c a t e  s i x  g r a p h i t e  r a d i a n t  h e a t e r  m o d u l e s  t o  
u ~ g r a d e  t h e  AFFDL h e a t  f l u x  c a ~ a b i l i t y .  T h e s e  m o d u l e s  w e r e  
n c m i n a l l y  4 x  12  i n c h e s  and o p e r a t e d  frorn c o n v e n t i o n a l  i g n i t r o n  
p c w s r  s u p ~ l i e s .  

I tCes ign  and F a b r i c a t i o n  o f  a  High  T e m p e r a t u r e  H e a t i n a  
A r r a y 1 #  ( C o n t r a c t  N o .  NAS9-13091). A 26  x 3 0 - i n c h  g r a p h i t e  
r a d i a n t  h e a t e r  was  d e l i v e r e d  t o  t h e  S t r u c t u r e s  T e s t  S e c t i o n  o f  
NASA-JSC f o r  u s e  i n  t e s t i n g  S p a c e  S h u t t l e  TPS. 

# ' D e s i g n  and  F a b r i c a t i o n  o f  a  High  T e m p e r a t u r e  L e a d i n s  
Edge H e a t i n g  A r r a y 1 #  ( P h a s e  I, C o n t r a c t  N o .  NAS9-13091; F h a s e  I a ,  
C c n t r a c t  No .  NAS9-13544) . The r e q u i r e m e n t  o f  t h i s  c o n t r a c t  was 
t o  d e v e l o ~  a  g r a ~ h i t e  r a d i a n t  h e a t e r  a r r a y  c a p a b l e  o f  h e a t i n g  a  
6 0 - i n c h  s e c t i o n  o f  f u l l - s c a l e  S h u t t l e  l e a d i n g  e d g e  t o  3500 
d e g r e e s  F i n  a  g r e s s u r e  e n v i r o n m e n t  r a n g i n g  f r o m  a t m o s p h e r i c  down 
t o  0 .5  t o r r .  A 36 x 5 i n c h  p r o t o t y p e  h e a t e r  was f a b r i c a t e d  and  
u s e d  t o  e v a l u a t e  d e s i g n  c o n c e p t s  a n d  p e r f o r m a n c e  p r e d i c t i o n s .  
P r e s e n t e d  i n  F i g u r e  20 i s  a  p i c t o r i a l  v i e w  o f  t h e  7 2 - i n c h  
c c l l a p s i b l e  h e a t e r  module  whose d e t a i l  d e s i g n  was c o m p l e t e d  a s  a  
p a r t  o f  t h i s  c o n t r a c t .  T h i s  h e a t e r ,  i n  t h e  7 2 - i n c h  
c o n f i g u r a t i o n ,  i s  u s e d  i n  t h e  l e a d i n g  e d g e  h e a t i n g  a r r a y  w h i l e  i n  



t k e  48- inch  c c n f i g u r a t i o n  ( c e n t e r  s e c t i o n  removed and  s h o r t e r  
h e a t e r  e l e m e n t s  i n s t a l l e d )  it is u s e d  i n  t h e  48 x 96 - inch  f l a t  
h e a t i n g  a r r a y  shown i n  F i g u r e  21. 

An e a r l y  g r a p h i t e  r a d i a n t  h e a t e r  was u s e d  i n  a  Company 
f u n d e d  r e g e n e r a t i v e l y - c o o l . e d  e n g i n e  i n l *  s t u d y .  T h i s  h e a t e r  was 
c a p a b l e  of d e l i v e r i n g  120  B t u / s q  f  t-sec o v e r  a  4.5 x  72- inch  
a  r e a  . 

A c y l . i n d r i c a 1 ,  t h r e e - p h a s e  g r a p h i t e  h e a t e r  s y s t e m  was 
d e s i g n e d  and  f a b r i c a t e d  f o r  t e s t i n g  t h e  microwave g r o p e r t i e s  of  
a n t e n n a  windows d u r i n g  s i m u l a  t e d  e n t r y  h e a t i n g  c o n d i t i o n s .  T h i s  
h s a t e r  was c a p a b l e  o f  a p p l y i n g  o v e r  500  B t u / s q  i t - sec  t o  t h e  
a n t e n n a  window l o c a t e d  a t  t h e  bo t tom o f  t h e  c y l i n d e r  w h i l e  
s i m u l t a n e o u s l y  a l l o w i n g  t h e  p a s s a g e  o f  microwaves  up  t h r o u g h  t h e  
h o l l o w  c e n t e r .  

A f c r e r u n n e r  o f  t h e  S h u t t l e  TPS H e a t i n g  A r r a y  b u i l t  
f o r  NASA-JSC, was f a b r i c a t e d  f o r  u s e  i n  t h e  MDC L a b o r a t o r y  f o r  
S n u t t l e  TPS i n v e s t i g a t i o n s .  T h i s  h e a t e r ,  c o v e r e d  w i t h  a  c o a t e d  
columbium r e r a d i a t i n g  s u s c e ~ t o r  p l a t e  t o  a l l o w  t h e  spec imen  t o  b e  
exposed  t o  a n  o x i d i z i n g  a t m o s p h e r e  w h i l e  t h e  h e a t e r  o ~ e r a t e s  i n  
an i n e r t  e n v i r c n m e n t ,  i s  c a ~ a b l e  of h e a t i n g  a  24 x 24- inch  
i n s u l a t i n g  p a n e l  t o  2500 d e g r e e s  F. Ovc r  1000 t h e r r c a l  cycle  
t e s t s  h a v e  been  s u c c e s s f u l l y  r u n  k i t h  t h i s  a p p a r a t u s .  

H o t  End E l e m e n t s .  One method o f  f o r m i n g  l a r g e  and/or  ---------------- 
i r r e g u l a r  s h a p e d  r a d i a n t  h e a t i n g  a r r a y s  is t s  u s e  a  l a r g e  number 
of s m a l l  h e a t e r  modu le s  s t a c k e d  end- to -end .  and  s i d e - t o - s i d e  . 
A d v a n t a g e s  o f  t h i s  s c r t  of a r r a n g e m e n t  a r e :  (1) u t i l i z a t i o n  o f  
" s t a n d a r d u  h e a t e r  u n i t s ,  ( 2 )  t h e  p o s s i b i l i t y  o f  i n f i n i t e  
e x p a n s i o n  t o  a n y  s i z e  a r r a y ,  and  (3 )  a  l a r g e  number o f  i n d i v i d u a l  
c o n t r o l  z o n e s  f o r  a p p l y i n g  a  s p a t i a l  h e a t  f l u x  p r o f i l e .  One o f  
t h e  p r o b l e m s  i n  a  m u l t i - m c d u l a r  . a r r a y  i s  t h e  s p a t i a l  u n i f o r m i t y  
o f  t h e  d e l i v e r e d  h e a t  f l u x .  a c r o s s  t h e  i n e v i t a b l e  g a p s  t h a t  e x i s t  
be tween  t h e  modules .  S i d e - t o - s i d e  s t a c k i n g  p r e s e n t s  n o  
u n i f o r m i t y  p rob lem b e c a u s e  the i n t e r - m o d u l a r  g a p  c a n  be  made t h e  
same a s  t h e  i n t e r - s t r i p  gap .  However, t h e  p rob lem becomes s e v e r e  

. i n  t h e  end- to-end  con£  i g u r a t i o n  b e c a u s e  of t h e  n e c e s s i t y  of 
p r o v i d i n g  t h i c k e n e d  ends  on e a c h  s t r i p  f o r  e l e c t r i c a l  c o n n e c t i o n  
and  c u r r e n t  t u r n a r o u n d .  These t h i c k e n e d  e n d s  r u n  s u b s t a n t i a l l y  
c o o l e r  t h a n  t h e  a c t i v e  a r e a  o f  t h e  h e a t e r  s t r i p  s o  t h a t  when t h e y  
a r e  c o - p l a n a r  w i t h  t h e  s t r i p s ,  a  wide I1co ld  s t r i p s g t  i s  formed 
be tween  t h e  ' e n d s  o f  a d j a c e n t  h e a t e r s .  T h i s  ~ r o b l e m  was s o l v e d  a t  
t h e  NDC L a b o r a t c r y '  by t h e  i n v e n t i o n  of  t h e  un ique  h o t  end element.  
l patent N o .  3 ,573 ,429) .  The h o t  end e l e m e n t  h a s  t h e  

t h i c k e n e d  e n d s  of  e a c h  s t r i p  t t . tucked u n d e r w  t h e  s t r i p ,  t h e r e b y  
a l l o w i n q  t h e  a c t i v e  h e a t i n g  p o r t i o n  o f  t h e  s t r i p  t o  e x t e n d  a l l  
t h e  way t o  t h e  end. T h e s e  e l e m e n t s  were o r i g i n a l l y  i n s t a l l e d  on  
the 4 x 1 2  i n c h  rncdules,  b u t  - r e c e n t  i n v e s t i g a t i . o n s  h a v e  shown 
t h e i r  f e a s i b i l i t y  in .  l e n g t h s  u p  t o  a t  l e a s t  36 i n c h e s .  An 
e x p e r i m e n t a l  36  i n c h  h o t  end  e l e m e n t  was s u c c e s s f u l l y  o p e r a t e d  i n  
t h e  p r e v i o u s 1  y  d e s c r i b e d  L e a d i n g  Edge F r o t o t y p e  h e a t e r .  



H e a t e r  Con t ro l .  and  T r a n s i e n t  E c k a v i o r .  ......................... The g r a ~ h i t o  
r a d i a n t  h ~ a t e r s  t h a t  h a v e  been  dec ignec i  a n d  b u i l t  i n  t h e  YDC 
L a b o r a t o r y  h a v ~  been  o F e r a t e d  a t  v o l t a g e s  v a r y i n g  f rom 1 4  t o  480 
v c l t s ,  d e p e n d i n g  upon t h e  a p p l i c a t i o n .  T h i s  power i s  s u ~ ~ l i e d ,  
w i t h  o r  w i t h o u t  a  s tep-down t r a n s f o r m e r ,  f  rorrt s t a n d a r d  i g n i t r o n  
Fower , c o n t r o l l e r s  i n  v a r i o u s  s i z e  r a n g i n g  a l l  t h e  way U F  t o  thl? 
l a r g e s t  a v a i l a b l e  ( f fE f l  s i z e ,  2000  amF a t  480 v o l t s ) .  For most 
d e v e l o p m e n t  work it i s  s u f f i c i e ~ t  an.d d e s i r a b l e  t o  manua l ly  
c c n t r o l  t h e  i g n i t r c n ,  b u t  f o r  a  number o f  t e s t s  c c n t r o l l e d  power 
was  s u p p l i e d  t o  t h e  h e a t e r  by means of  e i t h e r  s e t - p o i n t  c o n t r o l  
o r  f e e d b a c k  c o n t r o l  u t i l . i z i n g  b o t h  t h e r m o c o u p l e  and  h e a t  f l u x  
s e n s o r  o u t p u t s  a s  t h e  f e e d b a c k  s i g n a l .  

The t r a n s i e n t  b e h a v i o r  o f  a  g r a p h i t e  h e a t e r  i s  much l i k e  
any o t h e r  t y p e  c f  h e a t e r  inasmuch a s  t h e  r e s p o n s e  i s  l d r g e l y  
d e p e n d e n t  upon t h e  t e s t  s p e c i m e n  b e i n g  h e a t e d .   his i s  
p a r t i c u l a r l y  t r u e  i n  t h e  , c o o l i n g  c a s e  when a  h o t  i n s u l a t i n g  t e s t  
a r t i c l e  w i l l  r e - r a d i a t e  e n e r g y  t o  t h e  h e a t e r  e l e m e n t s  c a u s i n g  a  
r e l a t i v e l y  slok; coo ldcwn ,  w h e r e a s  w i t h  an  a c t i v e l y  c o o l e d  
s ~ e c i m e n  t h e  c o o l i n g  r a t e  o f  t h e  h e a t e r  a s s e m b l y  i s  s p e c t a c u l a r l y  
r a p i d .  S i n c e  g r a p h i t e  h a s  n o  u n d e s i r a b l e  t h e r m a l  s h o c k  
p r o p e r t i e s ,  f u l l  power can  be a p p l i e d  t o  a  h e a t e r  i n s t a n t a n e o u s l y  
w i t h  a  t y ~ i c a l  r e s p o n s e  l i k e  t h a t  shown i n  F i g u r e  22. 

H e a t  E x c h a ~ a e r s .  The e f f o r t  f o r  KASA-LRC t o  d e v e l o p  a  ---------------- 
g r a p h i t e  r a d i a n t  h e a t e r  s u i t  a b l e  f o r  e v a l u a t i n g  h y d r o g e n - c o o l e d  
p a n e l s  r e q u i r e d  t h e  d e s i g n  and f a b r i c a t i o n  o f  ' a  w a t e r - c o o l e d  h e a t  
e x c h a n g e r  t c  s i n u l a t e  t h e  t e s t  a r t i c l e .  The d e s i g n  c r i t e r i a  f o r  
t h i s  h e a t  e x c h a n g e r  i n c l u d e d  a b s o r p t i o n  o f  250 B t u / s q  f t - s e c  
w i t h o u t  l o c a l  v a ~ o r i z a  t i o n  which c o u l d  c a u s e .  t o t a l  f a i l u r e  f rom 
t h e  t u b e  b u r n o u t .  The  d e s i g n  s e l e c t e d  c o n s i s t e d  of a  bank of 
0 . 2 5 - i n c h  d i a m e t e r  , x  - 0 3 0  i n c h  w a l l  c o p p e r  t u b e s  a r r a n g e d  o n e  
i m m e d i i t e l y  n e x t  t o  t h e  o t h e r  t o  f o r m  a  s o l i d  w a l l  of  t u b e s  n o t  
u n l i k e  t h e  " w a t e r  w a l l s f f  o f t e n  s e e n  i n  h i g h  p e r f o r m a n c e  s t e a m  
b c i l e r s .  T h i s  h e a t  e x c h a n g e r  is c o m ~ o s € d  o f  e i g h t  s e c t i c n s  o f  
t h i r t e e n  t u b e s  e a c h  and  i s  c o n n e c t e d  so t h a t  t h e  w a t e r  f l o w  i s  
down o n e  s e c t i o n  and back  o n  a n  a l t e r n a t e  s e c t i o n .  T h i s  
a r r a n g e m e n t  i s  a b l e  t o  g e n e r a t e  a  l a r g e  h e a t  t r a n s f e r  f i l m  
c o e f f . i c i e n t  w i t h  a  modes t  p r e s s u r e  d r o p  and  r e l a t i v e l y  l c w  f l o w  
r a t e s  a l l  o f  wh ich  c o n t r i b u t e s  t o  t h e  e f f i c i e n t  u s e  o f  t h e  w a t e r  
a v a i l a b l e .  



T o t a l  a v a i l a b l e  s t s a d y  s t a t e  e l e c t r i c a l  power 7 . 5  MW. 

Peak  t r a n s i e n t  power 3 4 . 5  NW f o r  60 sec ( t i m e  
d e t e r m i n e d  by t r a n s f c r m e r  t e m p e r a t u r e ,  l e s s  t h a n  90 d e g r e e s  C )  . 

T h e r r r a l  Fower d e l i v e r a b l e  t o  t e s t  a r t i c l e  4. 5 M.J. 

Power c o n t r s l l e r s  
3  c h a n n e l s  of  I1E1l I g n i t r o n  (2000 amp, 480 v o l t s  each) 
54 c h a n n e l s  o f  llE1l I g n i t r o n  (200 amp, 480 v o l t s  e a c h )  

Watez-Zystem- 
300 gpm a t  80 p s i  

1 2 0  g ~ r r  a t  1000 p s i  

D a t a  S y s t e m s ,  ----- ----- 

400 c h a n n e l  C e n t r a l  D a t a  A c q u i s i t i o n  Sys tem.  

100 c h a n n e l  D y m e c  d i g i t a l  m a g n e t i c  t a p e  s y s t e m .  

50 c h a n n e l  m i n i - d a t a  d i g i t a l  m a g n e t i c  t a p e  s y s t e m .  

Q u i c k -  l o c k  p r i n t e r s .  

Computer  p r o c e s s i n g  f o r  o v e r n i g h t  a v a i l a b i l i t y  of 
g r a p h i c a l  o r  t a b u l a r  d a t a  i n  e n g i n e e r i n g  u n i t s .  

T e s t  A r e a .  -------- 

Indoor 5 0 - f t  h i g h  b a y  a r e a .  

S t r u c t = a l  t e s t  j i g  w i t h  r e i n f o r c e d  f l o o r .  

H i g h  F r e s s u r e  t e s t  ce l l ,  50- f t  h i g h  bay .  



F i g u r e  19 .  G r a p h i t e  R a d i a n t  H e a t e r  

MODU 



Figure 21 .  F l a t  Hea te r  Ar ray  

Transient Test 

INCIDENT HEAT FLUX vs TIME CALCULATED TEMPERATURE vs TIME, 

Time - Seconds 

Figure 22. T y p i c a l  R Esponse 



3 .1 .11  NASA Jck_n_s_c_n Space  C e n t e r ,  H o u s t o n ,  Texas .  

A 5 MLe r a d i a n t  h e a t  f a c i l i t y  i s  b e i n g  d e v e l o p e d  a t  t h e  
l4ASk J.S. C. t o  f a c i l i t a t e  t h e  heavy  t e s t  corrniitment cf t h e  s g a c e  
s h u t t l e  Frograr r .  The p r i m a r y  o b j e c t i v e  f o r  t h e s e  t e s t s ,  and  

. t h e r e f o r e  t h e  c o n f i g u r a t i o n  o f  t h e  f a c i l i t y ,  i s  t o  s i m u l a t e  . t h ~  
r ~ e n t r y  c o n d i t i c n s  f o r  t h e  s F a c e  s h u t t l e  v e h i c l e  r e l a t i v e  t o  
p r e s s u r e  a n d  t e m p e r a t u r e .  C e t a i l s  a n d  d e s c r i p t i o n s  were n o t  
a v a i l a b l e  a t  p u b l i c a t i o n  time f o r  t h e s e  f a c i l i t i e s .  However, t h e  
h e a t i n g  u n i t s  and  c o n t r o l s  . a r e  b e i n g  f a b r i c a t e d  by McDonnell  
C o u g l a s  '(see s e c t i o n  3.1.10) . T h i s  f a c i l i t y  i s  h e a v i l y  commi t t ed  
t o  t h e  s p a c e  s h u t t l e  p rog ram w i t h  t e s t i n g  s c h e d u l e d  t h r c u g h  Nov. 
- Dec. 1975. I t  m i g h t  t h e n  b e  a v a i l a b l e  o n  an  Ivas  a v a i l a b l e v v  
k a s i  s.  



3.1.12 R o c k w e l l  I n t e r n a t i o n a l ,  Downey , C a l i f o r n i a .  T h i s  
f a c i l i t y  o f  5 Mk c a ~ a c i t y ,  is .owned by EASA J. S. C. and  i s  a l s o  
h e a v i l y  c o m m i t t e d  t o  t h e  s p a c e  s h u t t l e  p rogram and  wculd b e  
a v a i l a b l e  o n  a n  " a s  a v a i l a b l e I 1  b a s i s  upcn NASP. a p p r o v a l .  D e t a i l s  
a n d  d e s c r i p t i o n  o f  t h i s  f a c i l i t y  w e r e  n o t  a v a i l a b l e  a t  
p u b l i c a t i o n  t i m e .  



3 . 2  Collector 

T h e r e  d o e s  n o t  seem t o  be any u n i q u e  f a c i l i t y  r e q u i r e m e n t s  
f o r  t h e  e n g i n e e r i n g  and  d e v e l o ~ m e n t  t e s t i n g  f o r  t h e  c o l l e c t o r  
s u b s y s t e m .  I n  g e n e r a l ,  p a r t i c i p a t i n g  c o n t r a c t o r s  w i l l  h a v e  
a d e q u a t e  f a c i l i t i e s  f o r  c c n d u c  t i n g  t e s t s  e m p l o y i n g  an  o p t i c a l  
b e n c h ,  l a s e r  g r i d ,  o r  F o u c a u l t  t e s t s  a s  w e l l  a s  t h o s - e  t e s t s  f o r  
t h e  s t r u c t u r e  and  t r a c k i n g  mechanisms .  A s  t h e  s u n  i s  t h e  
F r o t o t y p e  e n e r g y  s o u r c e ,  t h e r e  is  l i t t l e  r e a s o n  t o  e m ~ l o y  a n y  
o t h e r  e x c e p t  f o r  o p t i c a l  bench  t e s t s  on  t h e  r e f l e c t i v e  s u r f a c e s .  
T h e r e  a r e  a  v a r i e t y  o f  t e c h n i q u e s  i n  t h e  l i t e r a t u r e  wh ich  c a n  b e  
u s e d  t o  m e a s u r e  m i r r o r  s u r f a c e  a c c u r a c y .  G e n e r a l l y ,  no  e x o t i c  
t e s t i n g  f a c i l i t y  i s  r e q u i r e d .  Where l o n g  d i s t a n c e s  a r e  n e e d e d ,  
any u n o b s t r u c t e d  l i n e  o f  s i g h t  may be  u s a b l e .  

The f o l l o w i n g  f a c i l i t i e s  a r e  i d e n t i f i e d  t o  i l l u s t r a t e  t h e  
g e n e r a l  c a p a b i l i t i e s  f o r  f l a t  o r  l o n g  f o c a l  l e n g t h  mirrcrs. 



3 . 2 .  1  Q ~ & i c a l  E v a l u a t i o n  F a c i l i t y ,  S a n d i a  C o r p . ,  L i v e r n , o r e  

T h i s  f a c i l i t y  c o n s i s t s  o f  t w o  b a s i c  u n i t s :  ( 1 )  t h e  
o p t i c a l  bench ,  c c n s i s t i n g  of a l a s e r / g r i d  s e t u p ,  and ( 2 )  a  f u l l -  
g i m b a l e d  moun t ,  c o n s t r u c t e d  t o  t e s t  t r a c k i n g  and  c o n t r c l  s y s t e m s  
a n d  t o  e v a l u a t e  m i r r o r s .  F i g u r e  2 3  s c h e m a t i c a l l y  r e p r e s e n t s  t h e  
l - a s e r / g r i d  t e s t  s e t u p .  A l a s e r  i s  u s e d  t o  ~ r o j e c t  a  a r i d  p a t t e r n  
o n  t h e  mirror b e i n g  t e s t e d  and  t h e  r e f l e c t e d  image  i s  
p h o t o g r a p h e d .  F i g u r e s  24 and  25 show images  ~ r o d u c e d  by t h e  
p c i n t  l o a d i n g  t e c h n i q u e  a n d  t h e  s p i n  c a s t i n g  p r o c e s s  ( p a r a b o l i c )  . 
The f  u l l - g i m b a l e d  mount  is shown i n  F i g u r e  26 .  

C l o s e d  ---------- I c o ~ S e n s o r .  ----- A s i m p l e  b u t  e f f e c t i v e  s e n s o r  i s  
a v a i l a b l e  w h i c h  c o n s i s t s  c f  a  t u b e  t h a t  s i t s  in t h e  r e f l e c t e d  
s o l a r  r a d i a t i o n  a n d  i s  a l i g n e d  w i t h  t h e  a p e r t u r e  o f  t h e  c a v i t y .  
A p i n  h o l e  o r  l e n s  a t  t h e  l o w  end  o f  t h e  t u b e  d i r e c t s  o r  f c c u s e s  
t h e  , r e f l e c t e d  i r r age  of t h e  s u n  o n t o  f o u r  p h o t o c e l l s  l o c a t e d  a t  
t h e  u p p e r  end  of t h e  t u b e .  F i y ~ r e  2 7  shows  t h i s  quad  p h o t o c e l l  
c o n f i g u r a t i o n .  

P h o t o c e l l s  I a n d  3 o p e r a t e  t o g e t h e r  i n t o  a  d i f f e r e n t i a l  
o ~ e r a t i o n a l  a m ~ l i f  i e r  t o  p r o v i d e  a  v e r t i c a l  e r r o r  s i g n a l .  
P h o t o c e l l s  2 and 4 operate s i m i l a r l y  t o  p r o d u c e  a  h o r i z o n t a l  
error  s i g n a l .  The  e r r o r  s i g n a l s  d r i v e  the r e s p e c t i v e  a x i s  of t h e  
mirror, u n t i l  t h e  r e f l e c t e d  image f a l l s  o n t o  t h e  c e n t e r  o f  t h e  
quad p h o t o c e l l .  A s  l o n g  a s  t h e  s e n s o r  t u b e  i s  c o r r e c t l y  a l i g n e d ,  
t h e  r e f l e c t e d  r a d i a t i o n  w i l l  b e  ~ r o ~ e r l  y r e d i r e c t e d .  

E i t h e r  p h o t o v o l t  a i c  o r  p h o t o r e s i s t i v e  c e l l s  work e q u a l l y  
w e l l .  P h o t o r e s i s t i v e  c e l l s  p r e s e n t l y '  a r e  a b o c t  f i v e  t imes  l e s s  
e x p e n s i v e ,  however .  When a  s i g n a l  i s  g e n e r a t e d  on  o n e  o f  t h e  
~ h o t o v o l t a i c  c e l l s ,  it is  a m p l i f i e d  a n d  d r i v e s  t h e  s e r v o  
m ~ c h a n i s m  o n  t h e  a ~ ~ r o ~ r i a t e  a  x i s .  I f  p h o t o r e s i s t i v e  c e l l s  a r e  
u s e d ,  t h e  p a i r s  o p e r a t e  a s  a  b a l a n c e d  b r i d g e .  A s  t h e  r e s i s t a n c e  
g o e s  dcwn o n  t h e  c e l l  w i t h  t h e  most l i g h t ,  a  s i g n a l  i s  s e n t  to 
c h a n g e  the  c o r r e s p o n d i n g  rnirr0.r a x i s .  

A n  i n - l i n e  s e n s o r  w i t h  b o t h  a  h i d e  a n g l e  a c q u i s i t i o n  and  
a  p r e c i s i o n  t r a c k i n g  s e n s o r  i n c o r p o r a t e d  i n t c  a  s i n g l e  t a b e  h a s  
b e e n  b u i l t  a n d  t e s t e d .  A h o l e  i s  l o c a t e d  i n  t h e ' c e n t e r  o f  t h e  
w ide  a n g l e  q u a d  p h o t o c e l l  so t h a t  a s  t h e  image  of t h 2  s u n  moves 
i n  o n  t h e  w i d e  a n g l e  s e n s o r ,  i t  e v e n t u a l l y  g o e s  t h r o u g h  t h e  h o l e  
a n d  f a l l s  o n t o  t h e  s e c o n d  q u a d  p h o t o c e l l  w h i c h  a l l o w s  ~ r e c i s o  
mirror  a d j u s t m e n t .  The t w o  quad . p h o t o c e l l s  o p e r a t e  e l e c t r i c a l l y  
i n  p a r a l l e l .  

~ e s t i n q .  To t e s t  t r a c k i n g  a c c u r a c y ,  a g i m b a l e d  mount was 
b u i l t  o n  wh ich  a 6 - f o o t  d i a m e t e r  mirror c a n  be mounted .  The a x e s  
o f  t h e  mount a r e  d r i v e n  b y  AC m c t o r s  r u n n i n g  t h r o u g h  a  75 ,000:  1 
gea r  r a t i o .  T r a c k i n g  a c c u r a c y  was m o n i t o r e d  u s i n g  a t a r g e t  made 
o f  48 a d j u s t a b l e  p h o t o c e l l s  l o c a t e d  i n  a  cross p a t t e r n .  
P r e l i m i n a r y  t e s t i n g  i n d i c a t e s  t h e  mount t r a c k s  w i t h i n  2 2  m i n u t e s .  

C o n t a c t :  I?r. Tom D. E rumlave  (415)  455-2941 
fir. A l e n  S k i n r o o d  (415)  455-2501 

R e f e r e n c e  : SAND 74-801 7 I 1 S t a t u s  R e s o r t  on  High  T e r n g e r a t u r e  
S c l a r  E n e r g y  Systeml1,  S e p t  1974  
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Figure  23, Mirror  Test Setup 

Figure  24.  Imagc of Poin t -  F i r~ l t re  25. Image of ~ e n t r i f u q a l l y  
Loaded Mir ro r  Cast Epoxy Mirror 



Figure 2 6 .  Full Gimbaled Mount 

F i g u r e  2 7 .  Quad Photoce l l  Configuration 



3 . 2 . 2  O p t i c a l  ~ v a  l u a  t i o I I I I ~ a ~ i l i t y ,  NASA Lewis  E e s e a r  c h  C e n t e r ,  
C l e v e l a n d ,  O h i o .  

The u n i q u e  f e a t u r e '  o f  t h i s  f a c i l i t y  i s  t h e i r  s o l a r  
c c n c e n t r a t o r  i n s ~ e c t i o n  d e v i c e .  T h i s  d e v i c e  i s  p a r t i c u l a r l y  
u s e f u l  i n  i n s p e c t i n g  r e l a t i v e l y  s h o r t  f o c a l  l e n g t h  r r i r r c r s  s u c h  
a s  t h e i r  20 f t  d i a m e t e r ,  9 f t  f o c a l  l e n g t h  p a r a b o l i c  
c o n c e n t r a t o r .  when t e s t i n g  t h e  s u r f a c e  a c c u r a c y -  c f  t h e i r  
c o l l i m a t o r  m i r r c r s  of  61 m e t e r  r a d i c s ,  F o u c a u l t  t e s t s  w e r e  
c o n d u c t e d .  The solar  c o n c e n t r a t o r  i n s p e c t i o n  d e v i c e  d o e s  n o t  
seem t o  b e  a p ~ l i c a b l e  t o  t h e  measu remen t  o f  l o n g  f o c a l  l e n g t h  o r  
f l a t  mirrors  s u c h  a s  a r e  b e i n g  c o n s i d e r e d  f o r  t h e  c c l l e c t o r  
s u b s y s t e m  h e l i o s t a t s .  No o t h e r  u n i q u e  e q u i p m e n t  o r  t e s t s  , w e r e  
i d e n t i f i e d  a t  t h i s  f a c i l i t y  w h i c h  wou ld  b e  o f  p a r t i c u l a r  use f o r  
t e s t i n g  t h e  c c l l e c t o r  s u b s y s t e m  c o m ~ o n e n t s .  . 

C o n t a c t :  M r .  J o h n  L.  P o l l o c k  (216)  433-4000 x354 

R e f e r e n c e :  R e p o r t  20-Foot  S o l a r  C o n c e n t r a t o r  I n s p e c t i o n  NASA 
TMX-68042 11400 K i l o w a t t  Argon A r c  Lamp f o r  S o l a r  
S i m u l a t i o n t t ,  pp 4 & 5. 



2 . 2 .  3 Y a v a l  WegFons C e n t e z ,  Ch ina  L,ake, C a l i f .  

0PTICP.L EVALUATI OK.  T h i s  f a c i l i t y  c o n s i s t s  o f  s e v e r a l  
i n s t r u m e n t s  t o  m e a s u r e  non-normal  i n c i d e n c e  t r a n s m i t t a n c e ,  no rma l  
a rid non -norma l  i n c i d e n c e  r e f l e e a n c e ,  a t t e n u a t e d  t c t a  1 
r e f l e c t i o n ,  a n d  s c a t t e r i n g  f r o m  m i r r o r s  a n d  windows. 

W h a t - & ~ Z - ~ ~ S ~ & & L Y - S ~ L ~ G -  S p e c u l a r  r e f l e c t a n c e  and 
t r a n s m i t t a n c e  a t  n o r m a l  i n c i d e n c e  c a n  b e  measured  f r o m  t h e  vacuum 
u l t r a v i o l e t  t o  t h e  i n t e r m e d i a t e  i n f r a r e d .  ~ ~ e c u l a r  r e f l e c t a n c e  
c a n  be  m e a s u r e d  a s  a  f u n c t i o n  o f  a n g l e  o f  i n c i d e n c e  i n  t h e  
u l t r a v i o l e t  a n d  v i s i b l e  s p e c t r a l  r e g i o n s ,  and  . a t t e n u a t e d  t o t a l  
r e f l e c t i o n  c a n  b e  measu red  i n  t h e  v i s i b l e  and  i n f r a r e d .  
s c a t t e r i n g  f r o m  o p t i c a l  s u r f a c e s  can  be m e a s u r e d  a s  a f u n c t i o n  of 
s c a t t e r i n g  a n g l e  cr a s  t o t a l  h e m i s ~ h e r i c a l  s c a t t e r i n g  f r o m  t h e  
u l t r a v i o l e t  t o  t h e  i n f r a r e d ;  t h e  r o u g h n e s s  o f  a  s u r f a c e  c a n  b e  
c a l c u l a t e d  from t h e  s c a t t e r i n g  measu remen t s .  The' a c c u r a c y  of a l l  
m e a s u r e m e n t s  i s  a t  l e a s t  10 t i ~ r ~ e s  b e t t e r  t h a n  i s  p o s s i b l e  with 
c c m m e r c i a l l y  a v a i l a b l e  i n ~ t r u m o n t s .  

How t .he  f a c i l i t  yworks . --------------- ----- S e v e r a l  i n s t r u m e n t s  a  re  
a v a i l a b l e ,  a l l  o f  w h i c h  h a v e  been  b u i l t  a t  M i c h e l s o n  L a b o r a t o r y .  
f r e e d o m  f r o m  s y s t e m a t i c  errors. I n  a l l  t y p e s  o f  m e a s u r e m e n t s  
l i g h t  of a s i n g l e  w a v e l e n g t h  f a l l s  on  t h e  s a m p l e ,  a n d  t h e  amount 
r e f l e c t e d  , t r a n s m i t t e d ,  o r  s c a t t e r e d  i s  d e t e r m i n e d .  ( F i g u r e  28) . 

S a m ~ l e  k e a u i r e m e n t .  F o r  most t y p e s  o f  m e a s u r e m e n t s  t h e  --- 
s a m p l e s  s h o u l d  b e  i n  t h e  f o r m  of d i s k s  1.520 i n c h e s  i n  d i a m e t e r  
a n d  0 . 2 5  t o  0 .375  i n c h  t h i c k ,  w i t h  o n e  s u r f a c e  f l a t  t o  w i t h i n  a 
w a v e l e n g t h  o f  l i g h t  and p o l i s h e d  t o  a  m i r r o r  f i n i s h .  F c r  scme of 
t h e  r e f l e c t a n c e  a n d  s c a t t e r i n g  measu remen t s ,  the s a m p l e s  c a n  be 
a c t u a l  mirrors  up  t o  40  c e n t i m e t e r s  i n  d i a m e t e r  w i t h  r a d i i  o f  
c u r v a t u r e  l a r g e r  t h a n  1 1 . 5  c e n t i m e t e r s .  

P r o c e s s i n g _ z i g e .  P r o c e s s i n g  t i m e  i s  v a r i a b l e ,  d e p e n d i n g  
o n  t h e  t y p e  o f  measu remen t  d e s i r e d .  I n  mos t  c a s e s  m e a s u r e m e n t s  
t a k e  a b o u t  15  m i n u t e s  p e r  d a t a  ~ o i n t  a f t e r  t h e  i n i t i a l  
a d j u s t m e n t s  h a v e  b e e n  made. 

C o n t a c t :  D r .  S. Douq la s  E l l i o t  (71 4 )  939-2830 
D r .  J e a n  M. E e n n e t t  939-2869 



M I R  

F i g u r e  28.  S c h e m a t i c  Diagram o f  a n  A p p a r a t u s  t o  Measure  
S c a t t e r i n g  f rcm a  Samp.le 

(The s p e c u l a r l y  r e f l e c t e d  beam f o l l o w s  the s o l i d  l i n e  and 
t h e  s c a t t e r e d  l i g h t  i s  r e p r e s e n t e d  by t h e  d a s h e d  l i n e s . )  



3 . 3  T h e r m a l  S t c y a q e .  Due t o  t h e  u n i q u e  r e q u i r e m e n t s  f o r  The rma l  
s t o r a q e  f o r  t h e  p r o p o s e d  S o l a r  Therma 1 C e n t r a l  F e c o i v e r  Power 
S y s t e m ,  o n l y  the e x s i s t i n g  f a c i l i t i e s  a t  t h e  S a n d i a  L a b c r a t o r i e s ,  
L i v e r m o r e  h a v e  been  d e s c r i b e d  a s  t h e s e  d e s c r i p t i o n s  w e r e  r e a d i l y  
a v a i l a b l e .  O t h e r  f a c i l i t i e s  may or may n o t  be  a v a i l a b l e '  t c  meet 
t h e  n e e d s  o f  ' s ~ e c i f i c  s u b s y s t e m  c o n c e p t s .  T h e s e  f a c i l i t i e s  a r e  
b e i n g  d e v e l o p e d  a s  a  r e s u l t  o f  p r i o r  i n t e r e s t s  o f  t h s  A. E. C .  i n  
t h i s  f i e l d  o f  r e s e a r c h .  



3 - 3 . 1  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  S e n s i b l e  Heat S t o r a a o  Tes.: ~ a k i l i t y ,  S a n d i a  L a b o r a t o r i e s ,  
L i v e r m o r e ,  C a l i f .  

The  S e n s i b l e  H e a t  S t o r a g e  T e s t  F a c i l i t y  i s  made u p  of  t h e  
f o l l o w i n g  t h r e e  c i r c u i t s  : 

( 1 )  H e a t e r  o r  c o l l e c t o r  s i m u l a t o r  s y s t e m s .  
( 2 )  S t o r a g e  s y s t e m s .  
( 3 )  Load s i m u l a t c r  systems. 

I n s t r u ~ e n t a t i o n  i s  i n c l u d e d  to  o b t a i n  d a t a  a t  c r i t i c a l  
p o i n t s  t h r o u g h o u t  t h e  s y s t e m .  T h i s  w i l l  a l l c w  measu remen t  of t h e  
e f f i c i e n c y  o f  t h e  s y s t e m  a n d  v e r i f i c a t i c n  o f  t h e  p r o p e r  o p e r a t i o n  
of  s p e c i f i c  componen t s .  I n  a d d i t i o n ,  c o n t r o l  e q u i ~ m e n t  i s  
i n c l u d e d  f o r  a u t c n a t i c  o p e r a t i c n  of t h e  s y s t e m .  

Col1ecto.r S i m u l a t o r  Sys tem.  T h i s  s y s t e m  c c n s i s t s  of a  ----__ ___-  _ ___-____-- _--_ 
h e a t e r  w i t h  pump, h e a t  e x c h a n g e r  and  n o r m a l  s a f e t y  e q u i p m e n t .  
The h e a t  t r a n s f e r  f l u i d ,  Monsanto  Th .e rmina1  66 ,  c a n  be  used  a t  
t e m p e r a t u r e s  u p  t c  € 5 0  d e g r e e s  F .  . A  t e m p e r a t u r e  c o n t r o l  v a l v e  
r e g u l a t e s  a  h e a t  by-pass  s y s t e m .  I n  a d d i t i o n ,  t h e r e  a r e  f l o w  
m e t e r s  and  a  n u n b e r  o f  v i s u a l  and r e c o r d i n g  i n s t r u m e n e s  f o r  
t e m p e r a t u r e  a n d  p r e s s u r e .  

S t o r a a e  S y s t e m .  The s t o r a g e  s y s t e m  c o n s i s t s  o f  t . h e  h e a t  
e x c h a n g e r ,  a  s t c r a g e  t a n k ,  two Fumps, and an e v a p o r a t o r  t a n k .  
T h i s  s y s t e m  a l s o  h a s  t h e  r e q u i r e d  s a f e t y  f e a t u r e s .  A t  p r e s e n t  it 
i s  d e s i g n e d  t o  u s e  (1) w a t e r  a t  450 d e g r e e s  F a n d  450 p s i ,  
( 2 )  T h e r m i n a l  € 6  a t  550  d e g r e e s  F f o r  t h e  s t o r a g e  f l u i d .  T h i s .  
s y s t e m  h a s  t w o  t e m p e r a t u r e  c o n t r o l  v a l v e s  w h i c h  c o n t r o l  two h e a t  
b y p a s s  c i r c u i t s .  T h e r e  a r e  a l s o  f l o w  m e t e r s  a n d  v i s u a l  and  
r e c o r d i n g  t e m ~ e r a t u r e  a n d  F r e s s u r e  i n d i c a t o r s .  I n  a d d i t i o n ,  t h e  
s t o r a g e  t a n k s  c a n  u s e  t h e  t h e r m o c l i n e  p r i n c i ~ a l  a n d  h a s  2 6  
t h e r m o c o u ~ l e s  f  cr r e c o r d i n g  the s t o r a g e  t e m p e r a t u r e  a t  d i f f e r e n t  
h e i g h t s  f r o m  t h e  bo t tom o f  t h e  t a n k .  Two d i f f u s e r s  a r c  used f o r  
s u p p l y i n g  a n d  r e m c v i n g  f l u i d  f r o m  the t a n k  w i t h o u t  d i s t u r b i n g  t h e  .. 
t h e r m o c l i n e .  The i n s t r u m e n t a t i o n  i n  t h i s  s y s t e m  i s  s u f f i c i e n t  t o  
r e c o r d  t h e  amcun t  of e n e r g y  a t  c r i t i c a l  p o i n t s  p l u s  t h e  
c a p a b i l i t y  o f  m o n i t o r i n g  t h e  o p e r a t i o n  o f ' t h e  d i f f u s e r s .  ( S e e  
F i g u r e s  29 a n d  3 0 ) .  

Load  S i r u l a t o r  System.  The Load S i m u l a t o r  Sys t em is  
d e s i g n e d  t o  b r i n g  c i t y  w a t e r  t o  a n  e v a p o r a t o r  t a n k .  I t  i n c l u d e s  
i n s t r u m e n t a t i o n  t o  m e a s u r e  t h e  e f f i c i e n c y  o f  t h e  h e a t  t r a n s f e r  
a n d  t h e  c h a n g i n g  o f  c o l d  w a t e r  t o  s t e a m .  T h i s  s y s t e m  w i l l  h a v e  
programmed l o a d s  t h a t  w i l l  c a l l  f o r  o u t p u t  f rom t h e  s t o r a g e  t a n k .  

G e n e r a l  Comments. T h i s  f a c i l i t y  is now b e i n g  a s s e m b l e d  
and  w i l l  b e  o ~ e r a t i o n a l  i n  t h e  s p r i n q  of 1975.  I f  d e s i r e d ,  t h e  
F f e s e n t  s t o r a g e  system c a n  be r e p l a c e d  h i t h  o t h e r  s t o r a g e  s y s t e m s  
f c r  t e s t  a n d  e v a l u a t i o n .  Maximum o p e r a t i n g  t e m F e r a t u r e s  a n d  
m a t e r i a l s  a n d  f l u i d  c o m F a t i b i l i t y  would h a v e  t o  b e  e x a m i n e d .  

Componen t s  i n  t h e  s y s t e m  a r e :  

H a :  F u l t o n  Fultemp -Thermal  ~ l u i d  H e a t e r  No. 10T 
O u t p u t  - 326,000  E t u / h r  



Opr. Temp - 600 d e g r e e s  F rnax 
O p r .  P r e s s  - 75 p s i  
F u e l  - N o .  2 F u e l  O i l  

H e a t e r  P u m ~ :  
Power - 7 . 5  El' 
C a p a c i t y  - 1 0  GPM 

Heat Exchange r  : 
C r o s s  Flow C o n s t r u c t i o n  
Q - 330,000 B t u / h r  
H e a t  T r a n s f e r  O i l  - 550 t o  450 d e g r e e s  F 
S t o r a g e  Water  - 350 t o  '450 d e g r e e s  . F . 

S t o r a g e .  Tank: 
Volume - 1775 g a l l o n s  
Wcrking  F r e s s u r e .  - 4 50 p s i  
W a l l  t h i c k n e s s  ' - 1  i n c h  
H e a t  c a p a c i t y  - 1  ,250 ,000  B t u  a t  100 ,deg.  

c 5 h a n g ~  in' 'I 
I n s u l a t i o n  - (1.) w a l l ,  s u p e r  i n s u l a t i o n  and  

vacuum 
( 2 )  t o p  and b o t t o m  g l a s s  wool 

k l a n k e t  

S t o r a g e  P u m ~ s :  
(2)  RSE C e n t r . i - f u g a l  Type CFK300 
Power - 3 HP 
C a p a c i t y  - 1 0  GPM 

E v a p o r a t o r  Tank  :- 
Cross F l c w  c o n s t r u c t i o n  
Q' - 160,000  B t u / h r  
S t o r a g e  h x t e r  - 450 t o  350 degrees F 
S u p p l y  w a t e r  - 55. t o  220 d e g r e e s  F 

C o n t a c t :  M r .  A .  C .  S k i n r o o d  (415) 4'55-2501 
Mr- T. D. Erumleve  (415j  4 5 5 - 2 9 4 1  

R e f e r e n c e :  S a n d i a  L a b o r a t o r i e s  ~ e m c  J a n  7,  1 9 7 5  
R .  '. ' M i l b  y t o  A .  C. S k i n r q o d  
l l ~ e n s i b l e  Heat S t o r a g e  T e s t  F a c i l i t y l 1  

SLL- 73- 0263  
t t S e n s i b l e  Heat S t o r a g e  i n  L i q u i d s 1 '  
T. D. Erumleve ,  J u l y  1974 
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