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INTRODUC TION 

This is the final report of a review by Hughes Aircraft Company of 

aerospace literature to uncover material pertinent to the Window and Passive 

Solar Programs of Lawrence Berkeley Laboratory, The aerospace industry 

had deve toped over the past twenty year s new materials, concepts and meas

urement techniques, some of which, it was believed, can be used by the 

Department of Energy in their programs for efficient use of solar ener gy. 

The project was of an exploratory type covering several diverse areas 

such as Optical Shutters, Soils, Thermal Storage and Transfer, Optical 

Properties of Materials and Clouds, Human Enginee ring, High Efficiency 

Light Sources and Solid State Electronics, Thermal and Optical Properties 

of Landscape and Building Materials and Measurement and Diagnostic Tech

niques, Due to the nature of the program, frequent contacts with monitors 

were maintained and the emphasis and direction were suitably altered as the 

program continued. The project consisted of two phases. In the first phase 

the pertinent literature references were selected and ordered, and in the 

second phase technology reviews in certain selected topics were conducted, 

This report covers the total contract period of September 8, 1978 to June 8. 1979, 
" The fir st step in the literature search was to generate the computer 

key words for each topic given in the Statement of Work, These key words 

varied; those appropriate for a DOE search could not be used for a DOD 

(TAB) search and stitt others were required for a NASA (STAR) search, 

Further, at the beginning of the program, difficulties were experienced with 

requests for computer runs. As it was imperative that publications be 

obtained as quickly as possible for the program, STAR and TAB, the abstract

ing journals. were physically searched by Hughes directly month by month 

from 1970 to 1978, The fields in which the searches were conducted are 
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indicated in Appendices A and B, At a 1" point in the contract speciai 

computer searches were performed for specific topics, The topics of these 

searches are indicated in Appendix C, 

This report is arranged into several sections, each section referring 

to one or more topics of the Statement of Work for clarity and to avoid dupli

cation. Each section consists of a technicaL overview and the applicable 

references, AU other references that were found in the NASA and DOD 

searches are listed in Appendix D, under appropr section titles, Some 

open literature references are also included in Appendix D, It is to be noted 

that many of these references are not easily available in the open literature 

and that no attempt was made to make this list exhaustive. At times during the 

program it was it that more specific topics with definite focus would have 

been more beneficiaL Nevertheless, within the constraints of time and the 

exploratory nature of the program, suggestions for future work are given as 

a summary at the beginning of this report, 

At the start of the program several articles were individually reviewed 

but this was partially discontinued during the second phase due to lack of time, 

All the individual reviews performed for this program are included in Appen

dix E. These are also indicated with asterisk marks in the lists of references 

under each section and in Appendix: D, The thermal analysis pI' ogram of 

Hughes A ircraft Company, which was used to analyse window arrangements, 

is given in Appendix F. 
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SUMMARY 

The aerospace industry has developed over the past twenty years new 

materials, concepts and measurement techniques, some of which, it was 

believed, would be useful for efficient use of solar energy. With this in m 

the aerospace titeratu.re was searched by Hughes Aircraft Company to uncover 

material pertinent to solar energy programs of Lawrence Berkeley Labora~ 

tory. The project was of an expl.oratory character and it covered a wide 

spectrum of topics, These topics were relevant to the Windows/Lighting 

and Passive Solar programs of the Department of Energy. 

Windows are essential parts of most of·the residential and commercial 

buildings. They are visually prominent and functionally important elements 

of the buildings. They· provide light and view and among other things ~ ct 

the psychology and aesthetics of the occupants of the buildings, For energy~ 

efficient buildings, special care must be taken in the des ign of windows, due 

to their comparatively high thermal conductivity, 

The effect of window frames On the rmal performance of a window 

has always been a matter of speculation, In this project, the thermal analysis 

program, TAP~3, of Hughes Aircraft Company was used to analyze a few 

simple window arrangements (Section 4), Such a program must be lied 

to well~defined window arrangements :-- with single, double, and triple giaz

ings and with/Without gases in between, With computer graphics, the isotherm 

diagrams can then be constructed, These results should be compared with 

experimental data to understand the thermal transfer problems assoc 

with windows. 

In this cOlmection, it is valuable to demonstrate the feasibility of an 

integrated heat pipe (Section 4) thermal control system. Such a system w0111d 

provide thermal transport and control in a completely passive manner by 
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utilizing the properties of the heat pipe switch, thermal diode and the 

variable conductance heat pipe. The performance characteristics of individual 

components of such a system are well-known, but the total system performance 

is yet to be demonstrated. 

If the transmission characteristics of windows could be changed auto

matically according to the avaUable daylight, it would be quite vatu.able for 

energy conservation, For such a purpose, the use of liquid crystals, photo

chromic, thermochromic and electrochromic materials (Section 1) as optical 

shutters for window applications is very attractive, However, further detailed 

studies are needed to evaluate the technical capabilities of these materials. 

The operating lifetime, sensitivity to UV, and operating temperature range 

are a few of these problems. The cost of fabrication of most of these high 

technology materials is often prohibitive. However, the requirements of 

light transmissions through the window for the building community are not 

very stringent. Once the technical limitations are reasonably understood by 

further research, an attempt could be made to cut the cost of fabrication for 

the nonstringent window applications, 

As an alternate approach, the idea of heat pipes (Section 4) should be 

actively pursued for passive solar applications such as variable transmittance 

windows, Conceptually, a flat glas s envelope can be rendered opaque, like 

frosted glass, or a good reflector, like a mirror, by the presence or absence 

of a fluid within an envelope. The movement of the fluid to a desired location 

can be accomplished by means of slight temperature differences, A demon

stration program to prove this principle of thermal switch and its applicability 

as an optical shutter is quite straight-forward and would be worthwhile, 

The s of windows could be altered by applying suitable 

coatings to them, It appears that with regard to coating materials (Section 5) 

for window applications, the best efforts would be to develop methods of pro

ducing Larger dimensioned windows from non toxic halides. Concurrently. 

cheap durable IR and visible reflective coatings such as the halides and 

oxides should be pursued as wen as cheap methods to apply them to larger 

surfaces, The cost of coating windows with a dielectric is normaUy high, 

whereas the polymer coatings can be applied relative ly cheaply to existing 

windows as a coating, as a filler in glazed windows or in curtain-like sheets, 
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Future work in polymer chemistry should be directed toward improving the 

UV cutoff and the 8-12 lJ.m transmission, Currently, work is being done at 

Hughes Research Laboratory on polymerization of organic materials for use 

as thin protective coatings on IR optics, Films which have good transmis sion 

in the 8 -12 I-1m and 3 - 5 I-1m regions have been developed, Effects of surface 

finish of the substrate on the durability are being investigated, 

In addition, future research should be directed toward the develop

ment of thermosetting, oxidation resistant polymers having no hydrolyzable 

functional groups within their molecular structure, s of such rnate ials 

are the phenylene-X polymers such as polyphenyiene oxide and polyphenylene 

aLkalene, Isomer configuration is of course crutial to the achievement of the 

property objectives, Such materials have potentiai use in window sealants and 

glazing protective coatings, geothermal well gasket and sealant materials, 

etc, 

Another area of research is in IR opaque materials, Such materials 

can be blends of compatible polymers having significantly different IR absorp

tion spectra, Blends with up to five different polymers could Likely be 

developed which exhibit an es sentially continuous absorption spectrum above 

3 1-1, Another approach to the development is to synthesize a single polymer 

with a large number of different types of functional groups, With the current 

technology, individual poLymers can be used, but thick films (~40 mils or 

more) are required to provide complete opacity, 

A d potential area of research involves the development of an IR 

transparent polymer. such as the one which has no C -H. C =0. C - 0 -C~ N. 

C -C 1, C -F, Si -0, etc, A pos sible candidate is a complete ly brominated 

hydrocarbon polymer, Other candidates would likely have to be inorganic 

polymers although it is not known with certainty that IR transparency is 

feasible, 

The long-term durability of the coati s is very important for cost

effective window designs, With regard to environmental testing of coatings 

(Section 5), a number of military specifications are availabie for military 

hardware, However, no set of standard environmental tests now exists for 

solar conversion coatings, This makes it difficult to provide a coating-to

coating comparison for an overall evaluation of the state-of··the-art on 
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durability, A standard set of durability specifications for solar coatings needs 

to be generated and round-robin tests must be performed. The testing facility 

must have the capabUities not only to subject the coatings to proper tests, 

but also to measure their optical properties before and after the exposure, 

The optically and thermally efficient windows, discussed in earlier 

paragraphs, are only as valuable as the amount of daylight avai lable in a 

given location, The dayUghting is very much dependent on the optical prop-

erties of atmo re and clouds, An understanding of the properties of 
~---'~--

atrnosphere and clouds and how they affect the terrestrial illumination and 

whether they can be property modeled to predict the available daylight are a 

few of the topic s which require careful further study (Section 5). The effect 

of rnoishH'e, gases, etc, , on the optical characteristics of atmosphere must 

be studied using the clear atmosphere models with appropriate profiles to 

represent the temperature and concentration gradients, Further work on the 

aerosols I contribution to decreasing the total solar radiation received at the 

surface is necessary, This could be done by correlating the satellite measure

nl.ents, pollution monitoring measurements and hourly values of solar radiation, 

The available atmospheric models do not relate the percentage cloud cover to 

the total solar radiation over averaging times les s than a month, A n attempt 

must be made to establish satisfactory functional relationships between per

centage cloud cover, thickness, cloud type and distribution with respect to 

sun angle, using satellite and ground-based measurements of solar radiation, 

Another source of potential energy conversion is in the 1 of 
~~-= 

buildings in the residentiaL, commercial, industrial and public sectors. 

Energy used in artificial lighting can be substantially reduced while maintain

ing or improving high quality illumination, Fluorescent gas discharge lamps 

satisfy, at present, two-thirds of all lighting needs in the United States, 

Fluorescent lighting technology has advanced greatly in the past forty ye<1rs. 

However, further advancements are quite possible (Section 7). Production 

costs of integrated or hybrid circuits capable of handling appreciable power 

levels are continuously decreasing to the extent where the replacement of 

the ballast and associated passive components by an active integrated circuit 

rnay become feasible. Based on this fact, the following attempt must be made, 

A computer model of a typical fluorescent lamp including such parameters as 
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s e. aging and other eLectri 0.1 high starting voltage, 

characteristics should be deve Using the princ Les of circuit synthesis 

with the cornputer, the response requirements of a four terminal network 

or "black box ll interposed between the and the power systern should be 

developed subject to the nominal constraints such as power input 0 ··100 watts, 

voltage input 110,~270V, frequency 50 Hz--IO kHz, reduced EMI cOLJ.pling back 

into the power system, minimum power dissipation and high initial peak start~ 

ing voltageo This would establish the response function of the network, Then 

it can be determined if it is physicaUy realizableo If so, a set of des 

parameters can be developed for fabrication and testing, 

The design of passive solar systems must consider the properties of 

the bui materials quite seriously, The two m.ost important 
~~~~~~~.~--"~~~~~~~ 

properties of interest for this program were the optical and thermal c 

terisitcs of these materials (Section 8), Although thermal properties of 

building mater ials can be found in engineering handbooks, those for landscape 

materials are not easily available, It may be worthwhile to deve a program 

for measuring thermal and radiative properties of landscape materials, As 

regards optical properties, the available information for m.any materials in 

the range of 0.2 to 15 f-lm are very much incompleteo It appear s no informa 

bon is available on reflection or emissions for building materialso To obtain 

this information, a measurement program is necessary, To evaluate a build~ 

ing material. from an energy standpoint and to study the quantitative effects of 

the environment on the material optical properties, both field and labor 

measurements must be perfor.med. If portable instruments are LJ.sed for 

fie Id meas urements, they should be oughly checked and corre d with 

absolute laboratory measurements quite systematicaUy. 

Next only in importance to the efficient use of the available solar 

energy by careful considerations of window design, window coatings and 

shutter s is the topic of thermal ener This problem is 

quite well treated in open l.iterature, The focus in our program was only 

on the phase change materials usable in the ambient rature range of 

400 
to 90

0
F. Th 1 b f if d ere are arge num ers 0 para. ins an salt hydrates whose 

properties are well docUITl.ented in literature for this purpose (Section 3)0 

Metal hydrides also offer interesting possibilities for thermal storage, 
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Encapsulation techniques for these materiaLs and their stability after many 

thermal cyclings need careful study. 

In this connection, properties soils are of importance. Not only 

can soil be used for thermal energy storage. but also it is valuable for pas

sive solar designs of buried or bermed structures. The thermaL transport 

properties of soils (Section 2) are severely influenced by the moisture content. 

Iiowever. this point is often forgotten or neglected, Carefully designed experi

ments on soil properties as a function of moisture content and an appropriate 

mathematical modeUng will be quite useful for passive solar deSigns of 

buildings. 

!:'feasurements/diagnostic techniques for various parameters repre

senting thermal and other properties related to buildings need special atten

tion to make the Window/pas sive solar programs succes sfuL In this' project, 

special attention was given to the photoacoustic. infrared and flow techniques 

(Section 9). The value of photoacoustic techniques for measurement of radia

tion distribution in a room is doubtful, However, this technique is suitable 

for evaluation of window and coating materials and measurement of optical 

absorption properties of materials such as paint and plant matter. As regards 

infrared technology, recent advances made for military and space applications 

are too expensive due to their high accuracy and resolution, No commercial 

spinoffs of this latest technology are anticipated in the near future. An 

attempt is being made at Hughes Aircraft Company to solve the problem of 

emissivity/true temperature measurement. This developmental program is 

intended to put a new product in the mar Techniques are available on the 

commercial market for pressure, temperature and humidity measurements, 

However, for liquid and other How measurements, new technologies are being 

developed, The ultrasonic doppler technique is one such technique which 

would require further study, 

Consideration of underground buildings and other structures with 

limited amount of g for energy efficient passive soLar designs is not 

uncommon. In such cases. the topic of human e (Section 6) becomes 

quite important, Living in underground buildings and other structures with 

limited amount of g lazing can affect the performance and behavior of the 
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occupants, There are very few expel' 

with the effects of working in a 65
0 

to 

must be made to study the long-term 

in the literature concerned 

environment. Particular effort 

s of exposure to radiant heat. 

which is known to cause fatigue. -term studies of miners and 

psychological effects (if any) of their occupation would give a clue to the 

performance changes to isolation confinement. In addition, very little 

data were found on asymmetric radiation and on the combined of heat 

stress and confinement, It would worthwhile to do specific literature 

searches on some of these s as applied to soLar energy systems before 

embarking on laboratory or field experimentation. which would be quite 

expensive, 
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SECTION 1. OPTICAL SHUTTERS 

INTRODUCTION 

A literature study for electro-optical shutter material was made with 

emphasis on references pertinent to the Window/Passive Solar Program. 

Materials and systems were identified whose optical properties change 

with light, heat or applied voltage and could therefore be used for windows 

with a variable transmittance. Sy stems considered for such optical 

shutters include liquid crystals, suspended crystals, electrophoretic 

displays and electrochromic displays. Basic. of the above systems 

were rev.iewed with regard to their applic to windows. 

A. LIQUID CRYSTALS 

Liquid crystals ( ) have been widely used in displays such as 

watches, calculators. flat panel television devices like page composers, 

electronic reticles. waveguide switches, etc. LC advantages include low 

operational voltage. low power consumption, rapid l' e and good 

resolution capability. Basic liquid crystal rties, their surface align-

ment and a review of their electro-optical applications are summarized in 

reference 1. 

1. TWISTED NEMATIC FIELD EFFECT LC 

In field effect devices, the electric field rather than the electric current 

determines the orientation the liquid cry stale The effect that is 

commercially most significant is the rotation of polarized light by the 

twisted nematic nment and the disappearance of this effect when a field 
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is applied, For window application both polarizers should have high light 

transmission, above 50 percent, such as Polar HN55(2), To achieve maxi-

mum transmission through a system of polarizer/LC/analyzer, the light 

transmission through the polarizer must be parallel to the director at the 

point where the light enters the liquid crystal, and the analyzer must be posi

tioned to transmit the rotated plane at the exit. 

Application of a twisted nematic field effe ct LC as an optical shutte 1" 

for windows is demonstrated in Figure L The "optical shutter" is assembled 

from 2 indium-tin-oxide (ITO) coated glass electrodes separated by 1/2 mil 

Mylar spacer and filled with biphenyl liquid crystal mixture, BDH E7. 

Liquid crystal alignment is parallel to both glass electrode surfaces, which 

are rotated 90 0 to each other. An HN55 polarizer and an analyzer are placed 

on the two sides of the cell with a polarization direction matching the LC align

ment. Transmission through the above optical shutter is between 37 to 41 per

cent in most of the visible region. Applying a low ac signal, less than 5 volts 

at 100 Hz, to the LC cell decreased the transmission to less than 10 percent 

in the 550 to 700 nm wavelength region, Transmission characteristics can 

be altered by variation of the polarizer film, its lamination onto the glass 

and by changing the reflection of the conductive electrodes, Limitation of 

twisted nematic LC for optical shutte rs requires furthe r detailed studies, 

such as 

a, 

b, 

c. 

d. 

e, 

Viewing angle effect» (3) 

Uniform alignment without reverse twist,(4) 

Operating temperature range,(5) 

Long te I'm stability of polarizer, 

Liquid crystal time ,(6) 

2. LIQUID CRYSTAL COLOR DISPLAYS 

Of the many liquid crystal color displays (7? 8), the guest-host effect 

is the best applicable to an optical shutter. The principle of operation is 

similar to the twisted nematic LC. except one of the polarizers is replaced 

by a ochroic dye dissolved in the liquid crystaL Using a guest-host 

system for an optical shutter enables color selections according to the dye 
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Figure 1. Transmission characteristics of a typical twisted nematic liquid crystal cell with 
signal off and on. Twisted nematic cell includes two HN55 polarizers on the two ITO 
conductive glass electrodes with 1/2 mil SDH E7 liquid crystal. 
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used, but light transmission through this device is often lower than in the 

twisted nematic system and more wavelength dependent. Transmission vs, 

wavelength characteristics of a typical dye-LC cell are shown in Figure 2 

toge ther with HN55 polarizer. Advantages of this sys tem include low vol tage 

and low powe I' consumption coupled with no angle dependence, Limitation of 

this device is due to lack of photostability of the dye, Other problems of 

alignment, wide temperature range liquid crystal mixtures and stable 

polarizers should be further investigated, 

3. DYNAMIC SCATTERING DISPLAYS 

In a typical dynamic scattering liquid crys tal device(9-12) 1 prior to 

application of an electric field, the liquid crys tal is aligned and appears 

transparen t. When ac ti vated, the turbulent motion of the liquid c rys tal 

causes diffuse scattering of the light. However, about 90 percent of the light 

is scattered in the forward direction, which may limit applications to a 

window-optical shutter, unless some special designs can be made which 

effectively utilize this diffuse scattering effect. 

4. PHOTOACTIVATED LIGHT VALVES 

Photoactivated liquid crystal light valves refer to a high resolution 

medium for temporary image-storage used mainly for projection 

d ' I (13, 14) d I' '1 d 't (15, 16) lSp ays an rea -tlme optlca ata processmg sys ems . 

Such light valves are not recommended as optical window shutters due to 

their size limitation, high technology and cos t of fabrication, as well as 

problems with temperature and thickness control in such applications. 

5. LIQUID CRYSTAL FILMS 

Cholesteric liquid crystals are incorporated into elastomeric films 

that change color with temperature variation by reflecting a certain wave-

length of 11ght(17 -20). A l' t" f t""d t 1 f'! "d d • pp lca ion 0 lqUl crys a LLms are Wi e sprea 

as temperature sensing devices in the medical field, Paten t lite rature (18) 

also refers to other applications as optical filters, color displays, surface 
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Figure 2. Transmission characteristics of a dye cell in the visible region. LC dye cell assembled 
from two ITO electrodes using one HN55 polarizer and 1/2 mil SOH fa liquid crystal and 
OBH 0-3 dye. 
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flaw detection systems and decorative items, For application in an optical 

window shutter, the cholesteric liquid crystal film has several basic prob

lems such as: 

a, The film is not highly transmitting in the off state; that is 
it scatters the light to give an iridescent color, 

b. Choles te ric liquid c rys tals are circularly dichroic for so me 
wavelength region, therefore one circularly polarized 
component of the incident light is transmitted whereas the 
other is scattered, 

c, The LC film color varies greatly with temperature, 

d. Light transmission is largely angle dependen t, 

B. SUSPENDED CRYSTALS 

Colloids, mos tl y herapathi te suspensions, which exhibit elec tric 
., (21-23) 

dichroIsm are used m suspended crystal systems , Progress in this 

field up to 1976 showed reduction in voltage and power requirement, but 

problems of field stability and operational lifetime were s till prevalent, 

Research Frontiers, Inc,) privately demonstrated a good, transmission mode, 
. (22) 

suspended crystal display that changes from colorless to blue with 

good color uniformity; however, there are no publications by this research 

group to this date. 

C. ELECTROPHORETIC DISPLAYS (EPID) 

The electrophoretic display is a light modulating display in which 

changes in transmission and color occur as a result of the migration of 

pigment particles in a dye solution under the influence of an electric 

field(24), Desirable features include high contrast, wide viewing angle, wide 

operating temperature range, memory and low pOWer consumption, An EPID 

consists of a sandwich cell between two electrodes filled with a suspension of 

sub-mic ron pigment particles in a colored liquid. The pigment forms a lyo

phobic suspension in which the particles are electrically charged, Applica

tion of a field causes the migration of the particles to one electrode and the 

EPID assumes the pigments! color. An important feature of this display is 

its memory, but it is limited inits lifetime, photostability and reliability of 

the suspension system. Elecrophoretic systems are not feasible for window 

optical shutters, since the pigment particles are always present on one of the 

two electrodes 9 resulting in no light transmission through the display, 
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D. PHOTOCHROMIC MATERIALS 

Many compounds in the solid or liquid state change color when 

exposed to electromagnetic radiation. Photochromism is the term used to 

describe the phenomena of induced coloration and reversion to the original 

state by radiation stimulations. This phenomenon is also referred to as 

phototropism or the rmophototropism. The "writing" light may be visual or 

ultraviolet light» and the "erasing" light is usually that of a longer wavelength, 

That is, 

State 1 
(colorless) 

hv 
~~ __ ~~~_ State 2 

(colored) 

h vz or heat 

The erasing process is sometimes called "bleaching» 11 if the original 

state is colorless. The term ttthermophototropic't is also used when erasing 

is caused by heat instead of light. 

Numerous organic and inorganic materials show photochromic proper

ties. An extensive review of these materials is a~ailable in literature(25). 

Among bette r known mate rials are: 

Organic: spiropyrans» anils, indanthrene es, polymethine dye s 

Inorganic: titanates (SrTi03. CaTi03)p CaFZ, LiNb03. silver 
halides (crystals), HgI2 , HgS (powder), hackmanite, etc. 

Applications of photochromic materials which have appeared in the lit

erature where mostly in the area of digital data storage, replacement for cath

ode ray tubes, optical displays, reversible and fixed large screen displays, 

optical recording/processing, recording of holography, special optical glass, 

optical filter, photoelectric shadowgraphs. passive shutters in Q switching 

lasers. and protective coating for goggles to prevent flash-blindness from 

nuclear explosions, 
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, 
The photochromic materials will be very ideal as a passive optical 

shutte r for saving energy, Photochromic mate rials are promising because 

most of them can be fabricated into polymer films or glass forms, Corning 

Glass Company developed variable transmission silicate glasses sensitive to 

sunlight which darken when exposed to sunlight and return to transparency 

again when no ultraviolet irradiation is present, This type of glass will 

give a self-adjusting optical shutter, In these glasses, color change is 

activated by silver halide crystals dispersed and stabilized in borosilicate 

glasses, In the variable transmission silicate glasses, th~ color change is 

accomplished(26) by optically pumping color centers by electron transfer from 

europium (II) or cerium (III), Some similarity in applications to solar win

dows also may be found in publications by Levin, et al., who used colored LiF, 

some two component, reve rsible color -cente r systems used for the rmophoto-
. . f h . (27,28) S h . troplc ternperature coatmgs or t e space enVlronment . uc a coatIng 

was capable of providing active thermal control on a spacecraft surface, It 

functioned as a variable absorptance coating compensating inversely for 

changes in solar irradiance of the surface, The ability of a thermophoto

tropic coating to control temperature(29) and the use of phase-change coat

ings for variable thermal control of spacecraft(30) are well documented in 

early lite rature, 

A thermophototropic VADO (Variable Density Optical Material) was 

developed by Marks Polarized Corporation by suspending metal halides in 

plastic matrix, The film was darkened by light or other ener gy (heat), and was 

re stored to the originaJ transparency by itself upon removal of exte rnal 

excitation, No fatigue was reported when the color switching was cycled 

70 times over 6 weeks, One disad.vantage of this system appeared to be a 

requirement for an auxiliary electrical energy input, 

E. THERMOCHROMIC MATERIALS 

The color change in photoc hromic materials is caused by light, 

whereas in thermochromic materials, the stimulant is heat, The mate

rial changes color when heated and reverts to its original color on cooling, 

This reversible dependence of color on temperature is known as 

the rmochromism, 
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Most photochromic materials are also thermochromic. Thermochromic 

materials also embrace both organic and inorganic materials, They can be in 

solid, liquid, solution forms. The mate rials known and widely reported 

are: 

Organic, spiropyrans, benzoquinones s dioxanthylenes s anils. 
2,2 1 bis-{benzothiazolyl) disulfide dress non-aqueous solutions 
of the stearates of Cu, Co, Ni, CrII and FellI in decalin, and 
c hole s te ric liquid cry s tal s. 

Inorganic: CuZHgI4, various metal chlorides such as those of 
Ca, Mg, Co, Ni, Cu. 

Thermochromic optical shutter systems for sunlight filters can be 

self-adjusting without a separate sensor device. Their usefulness as energy 

saving devices depends on energy ahsorbancy (effectiveness as a light filter) 

or light reflectivity. 

Several problems may be encountered in the attempts to use cholesteric 

liquid crystals in a shutter system. They degrade too easily by UV light, and 

color change occurs only in a narrOW tempe rature range, Most organic sys

tems tend to be UV sensitive (decomposition by UV light) Or have fatigue 

problems, 

Inorganic systems are more promising in this aspect. Laminated 

glass with variable light transmission WaS used to protect against severe 

heating up of rOoms (31). The laminated glas s, which contained chloride s of 

Ca, Mg, Cos Ni, Cu, Or their mixtures, was nearly transparent at normal 

temperature and turbid at an elevated temperature. The turbid glass became 

light re£lec tive. 

The use of phase transormation of metal semiconductors such as 

CuZ HgI4 in vanadium oxide s in infrared recording applications is also known. 

The phase transition causes change in reflectance. The phenomenon may 

also be useful for passive optical shutters. 

F. ELECTROCHR01v1IC MATERIALS 

Some compounds, both organic and inorganic, have different absorp

tion spectra depending upon the oxidation state. For instance 3 a colorless 

material may become colored by electrochemical oxidation during passage 

of the electric current and restored to its original colorless state by 
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reversing the direction of the current flow. This reversible redox reaction 

is known as electrochromism. The applications of electrochromism have 

been in the area of memory, storage devices, and information displays. 

Nothing on the application of electrochromism in optical shutters has been 

published. Its use as a window shade would require a separate sensing 

device which is connected to a power supply to power the electrochromic 

window. 

The principle of electrochromism and its applic ons are reviewed 

widely in the literature( ) In the usual electrochromic display design, the 

colored species is deposited on either the front or back electrode and, there

fore, light transmission is either very limited Or absent. Variation in this 

design is feasible with the use of one transparent electrode and a second 

ele ctrode incorporated into a conductive frame. 

Hughe s Research Laboratory and Rockwell International have done 

extensive R&D on viologens as electrocliromic display materials. The prob

lems of using viologens were the oxygen sensitivity (irreversible oxidation 

to colored species) of the compounds and the fatigue from repeated switching. 

American Cyanamid Company and Optel Corporation have worked on tungsten 

oxide in the solid state film systems» such as Sn02' W03 , MgF 2a AUa MgF 2' 

and Sn02' WOy SiO, Au, for many years. Their main objective was to use 

the systems for digital displays, especially for wristwatches. Judging from 

the fact that no practical display devices of this sort have appeared on the mar

ket, serious technical problems still exist. The problems appeared to be in 

fabrication technology and cost. It was said to require at st 2 million dol

lars to perfect the technology. The fabrication problems will be even greater 

for windows whose size is several orders larger. In addition 9 electrochrom

ism has a few serious problems such as reversibility side reactions, and 

operating lifetime» and its industrial applications are limited(33), 
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SEC TIOl\] z.. SOILS 

INTRODUCTION 

Heat and mass transfer in soils are of interest in a number of 

engineering applications, such as underg round containment of radioac bve 

waste, thermal energy storage in unprepared earth, structural support of 

pavements, and underground electrical transmission lines. The field of 

soil science, oftentimes referred to as pedology, is very broad, and the 

background literature is very extensive and mainly unclassified. It was 

found that an understanding of soil thermal engineering requires a familiar

ity with soil chemistry, electrochemistry, geology, hydrology, and thermo

dynamic s, as well as a fardliarity with mathe matical technique s for handling 

complex heat and mass transfer problems. 

The scope of this technology review was directed to the two areas 

of: (a) soil properties data base, and (b) analytical techniques for heat and 

mass transfer in soils. Since both of these topics are very broad, only the 

major features of each area :will be discussed, Many of the literature 

sources cited in this review contain extensive bibliographies which can be 

consulted for more detailed information. An additional topic, (c) measure

ment techniques, is also briefly discussed. 

A, SOIL PROPER TIES DA TA BASE 

A review of the literature(l-3) indicates that such a data base may 

already be available at the U. S. Department of Agriculture in the form of 

soil survey maps. The Department of Agriculture uses the pedological 

classification system for soils, This system, which groups soils on the 

basis of climatic influence as well as textural properties, is based on the 

vertical soil profile, in which the soil is classified according to the different 
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layers or strata existing at val' Soils of like color, textu:re, 

st:ructure, number and arrangement of strata, and geology of parent mate:rial 

are said to be the Same s se s, re s s of where the soil is found, 

A soil series is named after the geographic location where it was first recog

nized and described, An engineer familiar with the composition and texture 

of a given soil se ries can get a fairly good idea of the thermal resistance of 

the different strata from the basic information provided in the next several 

paragraphs. 

Soil texture is related to the size of the soil particles, and the nomen

clature used for classifying particle size is shown in Table L Cobble and 

boulder are two other particle-size categories; the particle diameter of 

cobble ranges from 3 inches to 8 inches, and the p Ie diameter of a boul-

der is 8 inches or more. A coarse-grained Or granular soil is one in which 

gravel and sand predominate. A fine-grained or cohesive soil is one in which 

clay and silt predominate. Quartz is the most common mate rial found in 

coarse-grained soils found in humid climates. The minerals found in coarse

grained soils vary to a large degree. For instance, gypsum (CaS04.lH20) is 

the main component of New Mexico white sand, while calcium carbonate 

(CaC03) is the main constituent of coral and shell beach sands, Clays have 

an affinity (attraction) for water. The three basic types of clay are Kaolinite. 

Illite. and Montmorillonite. Clays play an important role in the movement of 

soil moisture. 

A convenient classification of soil types is found in Table n. This 

table also lists a few of the physical handling characteristics. of each soil 

type. 

The main determinate of soil thermal resistivity is size; 

particle shape exerts only a secondary influence'.!» 2, 4). A compacted (i. e., 

dense) soil consisting particles in intimate contact with each 

other and small size partie s filling the interstices is the most sirable 

type soil from the viewpoint resistivity. Dark indicate 

the p1'esence of decayed 0 matter and a soil of 1'e ly high the cmal 

resistivity in comparison with a soil with little or no or matter present. 

This is illustrated in Figure 3 9 in which the the resistivity of dry 

Russian black earth, which contains a at deal matter, is 
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TABLE L PARTICLE-SIZE CLASSIFICATION OF SOIL 
TEXTURAL TYPES 

Diameter of U,S, Standard Sieve Size 
Particle -Size Particles, r--~ 

C las s ification Millimeters (mm) Pas sing Retained On 

Gravel Larger than 2,0 No, 10 

Sand: 
Coarse 2,0-0,42 No, 10 No, 40 
Fine 0.42-0.074 No, 40 No. 200 

Silt, 0.074-0.005 } Cannot be separated by 
sieving 

Clay, Smaller than 0.005 Determined by settling 

-'-
velocity in soil-wate r 

C olloida C" Smaller than 0.001 suspension 
-

':'Colloids are usually included in clay fraction in test reports of 
mechanical analysis, 

-~ 

compared to that of typical dry soils in the U, S, The thermal resistivities of 

typical soil constituents are listed in Table III. The best material for ther

mal backfill for buried electrical transmission lines is a mixture of quartz 

sand and kaolinite clay. In Table III, it is seen that the thermal resistivity 

of quartz is the lowest of the various soil constituents and that quartz is the 

natural choice from a heat dissipation point of view. The addition of kaolinite, 

a non-swelling clay, aids the retention of water in quartz sands and also per

mits a greater degree of compaction of the sand. Silts have very undesirable 

thermal characteristics, namely high thermal resistivity in the dry state and 

noncompactibUity for the wet state, 

The effect of nlOisture content on the thermal resistivity of soil is 

illustrated in Figure There are three types of soil moisture: (1) hygro-

scopic water which is absorbed and tightly bound to the soil particle surface, 

(2) capillary water which is held in the pore or interstices between soil 

particles, and (3) gravitational water which is free to drain under the influence 

of gravity, Heat transfer in soils is strongly influenced by the movement of 

capillary wate r. Gravitational wate r is ass ociated with the wate r table; that 
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TABLE II. FIELD IDENTIFICATION OF INORGANIC SOIL TEXTURAL TYPES 

General ristics Squeezed in 
Palm of I Rolled into 

Rubbed Hand. Moist 
Textural Main Appearance. Between Condition at I C Moist 

Type Fractions>!< Dry C C Field Capacity 

soil I At least G grains Can form cast; I Cannot form 
or lumps; c with ribbon 

les soil least amount 
to of 

c grains Can form cast I Cannot form 
loose; soil bear 

grains readily 
seen and felt -00 

Loam soil At least smooth but form cast I Cannot form 
ribbon 

ing; free 
pr broken I not more 

Silt loam I At least Can form cast I Cannot form 
soil not perfect rib-

more verized; free it has 
sur-

soft face. i. e .• 
cracks 
appear 

textural of the U. S. Bureau of Public Roads. 

(C next page) 



Table II concluded 

Gene :rat Characteristics Squeezed in 
Palm of Rolled into 

Rubbed H Moist Ribbon, 
Textural Main Appearance. Between Finge rs, Condition at Moist 

Fractions':' Dry Condition Dry ConditiorL Field Capacity Condition 

I Clay loam 20 to Fine- textured s Lumps har . not Can form cast Can form 
\ soil clay quite cloddy but easily broken that can be perfect rib-

some crumbly handled free bon but 
material soil plastic breaks 

eas 

Clay soil 30 to 1 Fine-textured s Can form cast Can form 
clay breaks into very can be ribbon that 

hard clods handled free will support 
soil plastic; its own ,.... 

~ sticky when weight 
wet 

Silt soil At least 
800/( silt 

>;'Based on the textural classification of the U. S. Bureau of Public Roads. 

Refer to text for: tanc test; test; dry-s th test. 
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TABLE III, THERMAL RESISTIVI TY OF TYPICAL 
SOIL CONSTITUENTS 

Material °C-cm/watt 

Quartz, average 11 

Granite 25-58 

Limestone 45 

Sandstone 58 

Mica 170 

Water 165 

Organic material 400, wet, to 700, dry 

Air 4,000 
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is, where the soil is completely saturated with water. depth of the water 

table below the ground surface (all operating water wells must penetrate the 

soil to the level of the water table) is strongly affected by climatic variations, 

ground cover, and soil porosity,(2 p 5) 

The design of soil mixtures is very complex, For instance, clays have 

electrical properties which affect the movement of capillary water, (2,6-8) The 

amount of moisture and thus the thermal resistivity of a soil is strongly 

influenced by the type of ground cover at the surface. The rate of moisture 

loss (transpiration) from a soil covered with trees is much higher than a soil 

covered with grass, which, in turn, is highe r than that for bare soiL (2) This 

will have a heavy impact on the passive solar design of buried or bermed 

structures as well as on thermal storage systems using unprepared earth, 

For instance, a dry soil of high thermal resistivity would be favored in the 

winte r to reduce heat losses from the building; on the othe:r hand, a moist 

soil would be favored in the summer to aid cooling of the building. The 

choice of ground cover is not based on thermal considerations alone; aesthetic 

considerations, drainage, and erosion protection must be included as welL 

B, ANALYTICAL TECHNIQUES 

In many ways, heat and mass transfer in soils can be viewed as heat 

and mass transport in porous media, However, the latter is often concerned 

basically with two component systems, Le,. a porous solid saturated with 

liquid or. in some cases. a porous solid containing a second component which 

exis ts as both liquid and vapor. On the othe r hand. soil s ys terns c ontain a 

porous (not necessarily uniform) matrix, air, liquid water, and water vapor, 

Heat conduction in the solid matrix and movement of the air, water vapor, 

and liquid wate r all contribute to the transport of he at in soils, The basic 

transport phenomena are (9): 

1, Fourier heat conduction in solid soil particles 

2, Matrically induced water flow (Darcy1s Law) 

3, Thermally induced water flow 

4, Vapor masS flow due to localized evaporation in the soil 

5, Airflow resulting from displacement by liquid water and wate r 
vapor, 
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An analysis taking into account all five of these transport mechanisms 

is available(9) where some simplified, but still useful, techniques are also 

developed. 

Water migration occur s when there is a temperature gradient in the 

soiL Here, water evaporates in the high ten1perature region and subse

quently condenses in the cooler region, Liquid water returns to the hot 

region through the porous soil by means of surface tension as in a heat pipe, 

Thermally induced liquid water flow is a nonequilibrium thermodynamic 

coupling effect which is often referred to as thermo~osmosis(6-8), It is 

interesting to note that thermo~osmosis (flow of liquid due to temperature 

gradient) is quite similar to electro-osmosis (flow of liquid due to electrical 

potential gradient) and the latter has been used as a means to study dry 

soils (6, 8), Heat transport in arctic soil systems is further complicated (l O~, 13) 

by the presence of ice as well as liquid water and water vapor. This is a 

topic of current interest due to the construction of oil pipelines in Alaska 

and Canada, 

Many mathematical analyses (14-22) deal with predicting the per

formance of buried electrical equipment. None of these, however, take into 

account the presence of the water table, which exerts a strong influence on 

the temperature distribution of the, buried equipment. The moisture content 

of a soil and the variation of the moisture content with depth is controlled by 

the depth of the water table beneath the ground surface, the soil texture, and 

the ground cover (L e" pavement, gras s, trees, etc.), The depth of the 

water table varies with season; the depth is greatest during summer and 

least in winter (2), Most mathematical analyses of buried equipment( 15 ~ 19,22}, 

as well as those dealing with buried thermal energy storage systems (23,24) 

either ignore water rnigration or attempt to use an "equivalent" thermal 

resistivity in order to account for this effect. A few analyses( 14,19,21) 

attempt to account for rnoisture migration by making various assumptions to 

simplify the mathematical complexity of the problem. Schmill (2 1), for 

example, reviewed the soil thermal conductivity and assumed that the 

soil moisture content varied linearly with radial distance from a round cable 

buried near the ground surface; he also assumed that the thermal resistance 

varied exponentially with moisture content. Yeh also reviewed( 14, 19) 
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conductivity data and as sumed that the change in soil moisture content varied 

linearly with the temperature gradient and that the change in soil thermal 

resistivity is directly proportional to the change in the moisture content. 

The proportionality constants in Yeh! s analyses vary non-linearly with 

moisture content, Most analyses dealing with buried cable systems assume 

that the surrounding medium is of uniform thermal resistivity. However, in 

most cable systems, the cable is buried in a trench; the trench is then back

filled with thermal sand (a mixture of quartz sand and kaolinite) which has a 

lower thermal resistivity than the surrounding soiL The surrounding soil 

medium is then characterized by two (not one) thermal resistivities, This 

problem of discontinuous thermal resistivity and the resultant expression 

for the temperature distribution is very complex(2 0), This analysis did not 

take the water migration into account. The problem of heat and mas s trans

port at the soil/air interface(25, 26) becomes apparent when one wishes to 

determine the temperature distribution around a cable buried not too far 

beneath the soil surface, The method of images commonly used for such 
(171820-22) . h' dh . analyses " assumes a pure conductlOn mec anlsm an ence Its 

validity becomes questionable when there is moisture migration and evapora

tion of water through the ground surface into the atmosphere, 

Theoretical predictions of the temperature distribution in soils 

is complicated by the seasonal changes of the thermal environment, 

Only one reference(22) in this review attempted to address this problem, 

This reference used one of the standard equations for calculating the tem

perature field around a buried cable and then adding the ambient (i. e" the 

seasonally-varying temperature in the absence of the cable) temperature to 

arrive at the actual temperature distribution around the pipe, The authors 

then compared their results with test data and concluded that the heat flow 

from the buried pipe went mostly to the ground surface in the winter time and 

mostly into the earth in the summer (L e" the earth acts as a sink in the 

summer), Although it is not altogether how the authors came to this 

conclusion, it appears that this finding will have a significant influence in 

the design of earth thermal energy storage systems, 

Transient temperature data are available (16,27) from field tests per

formed with buried, horizontal, and cylindrical heat sources, The effects 

24 



of ground cover(26) (i. e", black top or plain earth) and long·,term transients 

due to seasonal weather changes( 15) have been demonstrated quite well in 

these field tests, These data indicate that thermal time constraints of buried 

cable systems can be several weeks long. These data also illustrate quite 

effectively the effects of ground cover, For instance, an extensive series 

of tests in the Phoenix area showed that, during the summer, the temperaM 

tures underneath a blacktop surface were consistently higher (about 6°C) than 

ternperatures rneasured at the same depth under a bare soil surface. These 

results indicate that the radiant energy exchange properties of the ground 

surface also playa major role in the seasonal variation of ground tempera·· 

tures. A pavement heating study(28) indicates that while solar heat may be 

collected by pavement and stored in the soil during the summer months, 

heat losses in the soil during the fall made this storage system ineffective 

for winter use in a dt; icing capacity, 

It is to be noted(5) that the computer program HEAT(29) is successful 

to analyze therl1;al performance of buried cable systems, 

C, ME:ASUREMEN T TECHNIQUES 

Discussions of different rnethods for measuring soil thermal resisti~ 
't 'I bl ' I' t (1-3,5,30) VI yare aval a.e In LItera ure . The thermal needle is the mo st 

commonly used instrument for measuring thermal resistivity in the field. 

This device consists of a slender metal cylinder containing a heater element 

and thermocouples along the length of the cylinder. Operation of the thermal 

need-Ie is based on a comparison between the measured temperatures and the 

theoretical ternperature response to a step change in heater power from a line 

heat-source in a sen;i-infinite-medium, Detailed drawings and an operating 

procedure for use of a therrnal needle(2) and other types of laboratory equip-

. . hI'" r ' ] ( 2 , 5, 3 0 ) '1 bl ' ment for rneasunng t errr,a resIstlvity 01 SOLS are aval a e In 

li te l' a tu r e . 

A Shelby tube, which is a 2 inch OD thin-walled tube, is used to 

obtain undisturbed soil sarnples from the field for density measurements. 

The procedure is to auger a 4-inch diameter hole down to the desired depth, 

The tube is then fastened to the end steel drive rod and then hammered about 

18 inches into the soil. The central portion of the soil sample is cut to a 
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convenient length and then weighed, The sample is then dried and weighed 

again. The density for both moist and dry soil as well as the moisture c on

tent can be calculated from these data. Neutron moderation(2} and dielectric 

constant measurement techniques (31) are also used to determine soil moisture 

content. 
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SECTION 3, THERMAL STORAGE 

INTHODUCTION 

The major ern.phasis in this topic was thermal storage at 

temperatures i.n the normal ambient environmental range (approximately 

40 0 
- 90 0 F). Current passive systems utilizing sensible heat storage in, 

for example, water or rock beds are well understood and they are not dis

cussed here. The primary effort was devoted to phase change materials 

(PCM) so as to provide information on materials rather than applications. 

In 3.ddition, chemical, photochemical and rnetal hydride systems are also 

briefly mentioned as they are related to the thermal storage topic. 

A, PHASE CHA:\lGB: !ViA TERIALS (PCM) 

PCM thermal storage systems are .very attractive since they allow 

a relati vely large amount of thermal energy to be stored isothermally. 

Thermal systems are easier to design when heat input and rejection are 

known to be at constant temperature over a wide range of operating 

conditions. 

There are a number of types of phase change which have been 

examined for applicability to solar energy storage( 1): 

1. Solid to solid phase changes are of considerable interest since 
they involve relatively high energies and are accompanied by 
negligible volume changes. One significant problem is that 
such materials break down after a large number' of cycles 
(e,g" MgO-Mg (OH} .... ((2). 

t." 

2. Solid to liquid phase changes are by far the most popular. 
Generally,. they have the highest energy density of any phase 
change type. Volume changes are quite small. 

3. Solid to gas and liquid to gas PCM's are not gene rally useful for 
low-cost solar systems, These require complicated and 
expensive equipment and volume changes are large, 
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4, Liquid to liquid phase changes usually have volume change~ but 
usually not much energy is involved in the phase change. 

Most of the literature deals with the various aspects of solid to 

liq uid PCMs, These PCMs have melting temperatures which cover an 

extremely wide range, Thus, different materials are applicable to a 

number of specific functions, depending on their melting temperatures; 

e, g" 70
0 

- 80
0

F range is good for space heating, 100
0 

= l50 0 F is good 

for hot water heating, etc, High melting temperature substances are 

generall y considered only for large - scale solar power plant type applica

tions where high solar concentration factors are common( 3,4), Some low 

melting temperature PCMs (water, for instance) are considered for use in 

conjunction with heat pumps (5), The heat pump heats a living space by 

freezing the PCM in the winter and solar energy is used to thaw out the 

PCM during the summer, 

Major problems which are quite important in the PCM field are: 

II> PCM stability (or durability) after many thermal cycles(2,4,6, 7), 

Supercooling - Many PCMs tend to supercQol when undergoing 
the liquid to solid transitionP:l), Simpson('1) has studied tem
perature stratification and crystal growth techniques to 
eliminate this phenomenon with sodium phosphate materials, 
By always maintaining a Ilseed crystal l

! at the bottom the 
storage tank, supercooling can be prevented. 

Heat Transfer - With few exceptions, most PCMs currently 
being analyzed and tested have quite low thermal transfer 
properties. This means that heat exchanger design is cru
cial; to utilize the isothermal nature of PCMs, ways must be 
found ~% )effectively increase the conductivity of the PCMs. 
Bailey has been performing analytical and experimental 
research on hpMycomb thermal capacitor confinement tech
niques. Yang has developed some mathematical modelling 
for dynamic thermal response of both sensible and latent heat
storage systems, 

One particular approach to solving the thermal transfer problem 

has been (for instance) to create a "slurry" of water and small capsules 

of paraffin. The slurry takes on the isothermal behavior of the paraffin 

at its melting temperature, but largely retains the heat transfer qualities 

of liquid water( 7). The problem that arises in such systems is the 
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durability of the capsules, hence encapsulation processes and rnaterials 

are being examined by some researchers(7, 8), 

Economic analyses are important and have been pur sued ( 11), and 

fabrication techniques for thermal storage systems have also been 

t d ' d(l2 9 13) P t d 1 h b s U le • roto ype mo u ar storage components ave een 

buil t (13) • 

Many authors have combined lists of PCMs including thermal data, 

toxicity, flammability, cost, and availability data, covering the whole 

S 1 f 
(1,7,8,11-15) 

range of phase-change melting temperatures. evera re erences 

discuss PCMs in the 40
0 

to 90
0

F range (4.4
0 

to 32. 2
0

C). 

As for the materials themselves, paraffins are quite popular because 

melting temperatul'es Cover the entire range from 40 to 150 0 F and supercool-
., . 11 bi (1,11,12,15) P ff' h b d 109 1S not typlca y a pro em . ara lns ave een use 

extensively in the space program( 1). Also, salt hydrates are in wide

spread use, though they suffer more from supercooling problems( 1, 11-13). 

In addition, eutectic::> of these substances and natural elements have been 

investigated as PCMs. 

In Table IV, a selected group of paraffins which fall in the tempera

ture range of interest (40 to 90 o F) is presented( 1). In addition to this data, 

additional data on viscosity, specific heat, approximate prices, and density 

are available for many paraffins( 1). In Table V9 several PCMs with melt

ing temperatures in the range of interest including paraf fi ns, other organ

ics. salt hydrates, and metallics are tabulated(12)~ Several non-paraffin 

organics and several other inorganic salt hydrates are listed( 1) in 

Tables VI and VII respectively. 

B. CHEMICAL, PHOTOCHEMICAL AND METAL HYDRIDE SYSTEMS 

A number of reversible chemical reaction thermal storage systems 

have been considered( 16). These reactions typically require some catalyst 

for one or the other of the reaction directions. They absorb heat in one 

direction and release heat in the other and tend to be quite isothermic, 

i. e. , the reactions occur at specific temperatures. Unfortunately, as far 

as this technology review is concerned, most of the reaction temperatures 

are above the range of interest (greater than lOOoC). 
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TABLE IV. MELTING AND TRANSITION DATA FOR THE PARAFFINS (C
n

H
2n

+2 ) 

Transition Heat of Heat of 
Chem.ical Molecular Tem.perature Tem.perature Fusion 

Nanle Form.ula Weight o C (0 F) o C (0 F) kJ /kg (Btu! 

n-Tetradecane C 
0 

I .395 5.9 (42.5) None 229.9 (98.9) None 

n-Pentadecane C 15H32 212.422 10.0 9.8) 2.3 (27.9) 163.7 (70. 43.2 (18.6) 

n-Hexadecane C 16H
34 

226. 18.2 None 228.9 . 5) None 

n-Heptadecane C 1 6 
240. 22.0 (71.5) II. 1 (51. 168.3(72. 45.5(19.6) 

n-Octadecane C
18

H
38 

254.504 28.2 (82. None 243.5 (104. None 

n-Nonadecane C l 
268.531 31.9(89.4) 22.8(72.9) 70.6 (73.4) 51.4 2. 1) 



Melting Boiling 
Densiy 
Kg/m Thermal Latent Heat 

PCM Molecular Point Point Conductance of Fussion 

Category Material Formula Weight °c Solid Liquid W/mK Kcal/Kg 

Paraffins Tetradecane C 14H30 
198.4 5.5 252.5 8Z5 771 0.150 54 

(4°C) (lOoC) 

Hexadecane C
16

H32 
Z20.5 16,7 287.5 835 776 0.150 56.7 

(lSoC) (16.7 0 C) 

Octadecane C 18H38 
254 28 318 814 774 0.150 58 

) (320 C) 

Other polyethylene H(OCH2CHZ) 570 - 20 - - - 1100 0.160 35 

Organics Glyco 600 OH n 630 25 (ZOoC) 

Salt Sodiwn Na2HP04 
138 36 ~ 1520 - 0.514 66.8 

HydrattlHI Hydrogen 12 H
2

O (200 C) (solid) 
Phosphate 476 
Dodecahydrate (liquid) 

Lithiwn LiN03 
1Z3 29.9 - 1550 1430 - 70,7 

Nitrate 3HZO 
H1ydrate 

Metallics Glllhun Gl 69.7 29.8 198.3 33.7 19. :2 

Ie ) (1Z. l 

Coefficient 
Specific Heat of Thermal Vapor 

(Solid) Expression Pressure 
Kcal/KgK per °c Torr 

0.495 - 1 
(74. ) 

0.505 - 1 
(105. ) 

0.515 - 1 
(174. ) 

0.54 75 x lO~4 5 x 10- 6 

(lOOoC) 

0.404 83 x 1 -
(solid) 

- - -

0.082 58 xl 1 
(solid) (1 ) 

Compatibility 

Non-corrosive 
to most metal 
structur es. 

Non corrosive 
to most metal 
structures. 

Non corrosive 
to most metal 
structures. 

Non 
to most 
structures. 

Corrosion 
aluminum, 

corro-
sive to metals 

alwninum. 

TABLE V. PROPERTIES OF PHASE 
CHANGE MA TERIALS 

Hazard Cost 
Characteristics $ Availability 

Flammable, 16 OK 
can oxidize with per 

SOOg 
, non-

toxic. 

Flammable 16 OK 
can oxide per 
with oxidizing lOOg 
rnaterial, non~ 
toxic. 

Flammable 6 per OK 
can oxide with lOOg 

non-
toxic. 

4 per OK 
oxide with 

, non~ 

alkaline 4 or 

-"' 8 or OK 
less 

- >'&7.5 
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TABLE FUSIBLE MATERIALS WITH A HEAT OF FUSION GREATER THAN 
185.96 kJ /kg (80 Btu ) LISTED IN ORDER OF INCREASING MELT 

TEMPERATURE FROM 4.4 TO 32° C 0 TO 90° F). 

Melting Point Heat of Fusion 
Material ° C(O F) kJ Ikg Btu 

Tetradecane C 14H30 5.6 (42) 227.6(98) 

Formic Acid HCOOH 7.8 246. I (l06) 

Pentadecane C lSH3Z 10 (S 2 .7 (89) 

Myristate 

)lZCOOCZH 5 
11 (51) 185.8(80) 

Acetic Acid CH
3

CO
Z

H 17 (62 ) 185.8 (80) 

Hexadecane C 16H34 18 236.8 (l OZ) 

Chloride Ethanolate 
LiCl' 4C ZH

S
OH 21 (69) 185.8 (80) 

n-Heptadecane C
1 22 (71) 213.6 (92) 

d-Lactic Acid CH
3

CHOHCOOH 26 (79) 185.8 (8 

Octadecane C 18H38 28 (82) 243.8 105 ) 

13-Me tacosane C26 H
54 29 (84) 195. 1 (84) 

Meth Palmitate C17H3402 29 104.3 (88) 

Nonadecane C 1 32 (90 220.6 (95) 
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TABLE MELTING TEMPERATURE AND HEAT OF FUSION OF INORGANIC SALT 

LiCI03 • 3HZ ° 

H
2
S0

4 
. ° 

ZnCI
Z 

• 3H
Z

O 

5/2H
Z

O 

K
Z
HP0

4 
. 6H

Z
O 

. 7 

NazCr0
4

' 10H
2

0 

HYDRATES (RANGE OF 40° F TO 90° F) 

Point 
o C(O 

S. 1 . 5) 

S.6 • 5) 

10.0 (50. 

13.0(55. 

11. 1-13. 3 (52 - 56) 

15.0 (5 

lS.9 (66) 

Heat of 

253.1 (lOS. 

163.6 (70. 

10S.S 

192.5 (S2. 

164.0 (70.6) 

Rem.arks 

Needs cold finger to prevent super
cooling. Not available com.m.erc 

The least expensive lithium. salt is 
the carbonate: 1971 carlot price 
$0.52 - per Ib 

Safety hazard. Containerization 
difficult 

Strong tendency to form. glas ses 

Crystallization veloc at all 
s very slow. Cold 

finger needed to prevent glass 
form.ation 

Cold finger needed to prevent 
supercooling 

Safety hazard, containerization 
difficult 

Tem.perature rather h Re es 
cold finger to prevent nucleation of 
different s. 1 1 carlot price 
$ O. 17 per lb for the ous salt 

(continued next page) 



VJ 
-.ll 

(Table concluded) 

Compound 

CaCl
Z 

0 0 

0 

Point 
F) 

3000 (86) 

30.0 ( 

Heat of 

Remarks 

170.3 (7303) Congruent if melted 
Slow melting forms metastable 
a-CaCl

Z 
0 4H

Z
O 

295.8 (127.3) See remarks on LiCI0
3 

0 3H
2

O 



In general, photochemical reactions( 17,18) are not useful for 

thermal storage systems because light is absorbed for one direction of 

the reaction; heat generated by the reverse r Since heat input 

is not acceptable for the forward reaction, this cannot be directly incor

porated into a thermal capacitance storage system. 

Metal hydride reactions are very interesting. The basic idea is 

that certain metals and alloys of metals will absorb hydrogen at nearly 

room temperature and atmospheric pressure in concentrations comparable 

to the density of liquid hydrogen (which doesn't exist except at extremely 

low temperatures and high pres sures)( 19), The energy is stored in 

the form of chemically active hydrogen. The interesting thing is that the 

hydrogen is absorbed isothermally and isobarically over a large portion 

of the total concentration range, and the specific temperature and pressure 

are functions of the absorbing medium. It has been shown that a metal 

hydride heat pump can be c which uses hydrogen as the working 

fluid (20). Because of the isothermal absorption and release proce sse S9 Carnot 

efficiencies can be closely approached, Such a heat pump could be used to 

transfer heat to and from a phase change material which would otherwise 

be in an unus temperature range. 

Encapsulation techniques for paraffins and stability of the phase 

change materials after many thermal cycles need further research, Metal 

hydride applications for thermal storagea such as in heat pump design, 

should be pursued further, 
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SECTION THERMAL TRANSFER 

INTRODUCTION 

The interest In this topic is mainly due to the need in the Passive 

Solar Community to understand the convective heat transfer proces se sunder 

conditions appropriate to building physics situations. The amount of litera~ 

ture available on heat transfer problems is voluminous. Due to constraints 

of time and money three pertinent items were selected for review. One is 

concerned with a thermal analysis program which was used to study the 

thermal behavior of a few window arrangements; the second deals with the 

innovative ideas of using heat pipe technology for development of a variable 

transmittance window and as a thermal control system; and the third sum~

marizes some information on insulations. 

A. WINDOW ANAL YSIS 

The effect of the window frames on thermal performance of a window 

has always been a matter of speculation. Estimates have been made of heat 

losses through various types of frame (wood and metal with and without 

thermal barriers), The thermal analysis program of Hughe s Aircraft Com~ 

pany, TAP-3, was used to analyze simple window arrangements to evaluate 

the thermal performances of different designs. For a brief description of this 

TAP- 3 prog ram, see the attached Hughe s pamphle t (Appendix F), 

One window arrangement chosen for an analysis was an aluminum 

frame without thermal break (high emissivity finish) as given in reference 1. 

Since the location of isotherm was not intended, it was sufficient to use only 

61 nodes compared to the 394 nodes used in the analysis by Barnett(l), The 

material parameters were the same as tbose used by Barnett(l). The TAP-3 

thermal analysis program was used to model a double glazed and a triple glazed 
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window. The results are given in es 5 sis indicates 

tr glazing reduces loss glass 2,0 percent compared to 

a double glazed window of the same mater ia!.s. In glazed case the 

glass accounted for more of the heat ss the frame, Howeve r, by using 

triple glazings the loss via the glass has been ed such that the frame 

and the glass contribute equally to the loss 

The thermal analysis pI' at Hughes does not have the graphics 

to construct the isotherm diagrams as shown in Barnett's paper. However, 

such an addition could be written if it were necessary, At present the pro

gram output is a computer print-out. 

B, HEAT PIPES 

Heat pipe technology is presently well-developed, The basic theory 

of how heat pipes operate is understood, and such information is available in 

the textbooks on heat pipe s and their applications which have appeared 

recently(2, 3), The transport capacity of a heat pipe can be predicted, and 

the performance of variable conductance heat pipes, switches, and thermal 

diodes can be specified with confidence(4-6), For an exhaustive list of 

references refer to Appendix D, 

At present, re is being performed in cryogenic heat s(7, 8), 

high temperature heat pipes (utilizing the alkali metals as working fluids)(9), 

and high performance heat pipe systems such as the osmotic heat pi.pe (10). 

Heat pipes will not solve all heat transfer problems, but if the problem can 

be reduced to one of moving heat f:rom one location to another, possibly with 

some form of control required, and without too many additional complications, 

heat pipes should be considered, heat s to provide the 

environmental control ne in typical applications been 

demonstrated, and be to the specific If 

any specific heat transfer ms exist in the pas sive solar area, a demon-

stration heat pipe system could be built and tested quickly, 



028WAns 

HiGH EMISSIVITY - NO THERMAL BARRIER 

Figure 5. Double glazed window 
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One potentially interesting application which has em erged from this 

study and which seems specifically applicable to passive solar energy systems 

is that of the variable transmittance window, Conceptually, a flat glass 

envelope can be rendered opaque, like frosted glas s, or a good reflector, 

like a mirror, by the presence or absence of fluid within the envelope, This 

concept has not been demonstrated, although moving fluid to a desired loca

tion by means of slight temperature differences is what makes the thermal 

switch work. A demonstration program to prove out the principle and make 

thermal and optical measurements could be carried out relatively simply. 

An integrated heat pipe thermal control system could also be built 

and demonstrated. Such a system would provide thermal transport and con

trol in a completely passive manner by utilizing the properties of the heat 

pipe sWitch(5), the thermal diode(b), and the variable conductance heat pipe(4), 

The performance characteristics of the individual components of such a system 

are well known, but total system performance has never been demonstrated. 

C, INSULATION 

Within the last 25 years, tremendous growth has taken place in the 

field of thermal insulation, mostly spurred by new requirements in cryo

genic storage and application and in aerospace programs (atmospheric entry 

and high speed flight) (11). These developments have been refinements of 

basic types of insulation which have been in use at least since the end of the 
( 12,13) 

last century . . 

P f f 1 . 1 t' (14) . h 'F' ~7 er ormance 0 rea Insu a lon systen1s 1S sown 1n Igure 0 

While this chart was made up for cryogenic and ambient temperature insula

Hons, a basic principle can be seen: an evacuated insulation is far superior 

to an unevacuated system, Although it must be carefully built and installed, 

an evacuated multiple layer system consisting of layers of aluminized mylar 

separated by spacers (usually a coarse plastic mesh) is the best available 

insulation system(l5). This type of insulation has been extended to high 

temperature applications. although the materials must be changed to prevent 

tl
' (16-18) 

me lng • 
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Offering significantly poorer performance (but being much less 

costly) are the evacuated powder and fiber insulations (19). Any of the 

evacuated systems will be used only where the expected benefits of having a 

very low thermal conductivity outweigh the higher cost of obtaining and Dlain

taining a vacuum in the insulation layer. 

In terms of unevacuated insulation, fOaITIS, powder s, and fiber

fiber"based structures are used at low temperatures, and refractory ceramic 

rnaterials at high temperature (Z 0). High temperature materials and systems 

must survive in a generally harsh environment, and in general do not per

form as well as systems designed for use in arnbient temperature regirnes. 

Perforn1ance of ambient temperature, unevacuated insulations is 

improved by displacing the air trapped in the insulation by a dry gas of low 

conductivity. In polyurethane foams, for example, by creating the foam with 

a fluorocarbon propellant instead of CO
Z

' a reduced thermal conductivity 

b b . d(Z 1) can e 0 talne , 

In all cases, the heat transfer mechanisms are well-understood, and 

design data usable with nearly any conceivable insulation system are readily 

'I bl·· . . l' b (22 ) A h' h b' d aval a e 1n any englneering 1 rary . reas w lC can e Improve are 

the cost-effectiveness of all types of insulations and reduction of the fire 

hazard as sodated with some of the foams, notably polyurethane. 

REFERENCES 

1) M. Barnett, !ITemperatlire Distributions in Double Glazing 
with Aluminum and Timber Frames and Their Effect on U 
Value!', BSE. 44, Feb. 1977. 

Z) S. W. Chi, !'Heat Pipe Theory and Practice: A Sourcebook", McGraw-Hill 
(1977), 

3) P. Dunn and D,A. Reay, "Heat Pipes", Pergamon Press (lg76), 

4) B. D, Marcus, I'Theory and Design of Variable Conductance Heat Pipes", 
NASA CR-2018 (1972). 

5) T. H. Sun and R. C. Prager, !'Development of a Switchable Cryogenic 
Heat Pipe for Infrared Detector Cooling!!, AIAA Paper 74-751 (1974). 

6) B. Swerdling, R. Kosson and M. Urkowitz, !IDevelopment of a Thermal 
Diode Heat Pipe for the Advanced Thermal Control Flight Experiment", 
AIAA Paper 72-260 (1972). 

47 



7) J. Alario, R, Kosson and C. McCreight, itA Re-Entrant Groove Hydrogen 
Heat Pipe II , AIAA Paper 78-420 (1978). 

8) R. J. Williams, "Investigation of a Cryogen ic Thermal Diode", AIAA 
r 78-417 (1978). 

9) L. K. Tower and W. B. Kaufman, l1High Temperature Heat Pipe Research 
at NASA Lewis Research Center ", AIAA Paper 78 -438 (1978). 

10) C. P. Minninga G. L. Fleischman and T. IN, Giants, 'JDevelopment of an 
Osmotic Heat Pipe II, AIAA Paper 78-442 (1978). 

11) P.E. Glaser,; LA. Black, R.S. Lindstrom, F,E. Ruccia, and 
A.E, Wechsler, "Thermal Insulation Systems-A Survey", NASA SP-50l7, 
(1967), 

12) Malloy, l JTherrr.alInsulation J', Van Nostrand Reinhold (1969). 

13) J. Dewar, Proc, Roy. Inst., Vol XV, pp. 821-826. 

14) P. E, Glaser, I!Eifective Thermal Insulation: Multi-Layer Systems II, 
Cryogenic Engineering News 16, (April 1969). 

15) C. L, Tien, "Heat Transfer in Cryogenic Insulation - A Key Bibliographic 
Evaluation of Recent Developments l !, Cryogenic Technology, (September / 
October 1971), pp, 157, 

16) A,E, Wechsler, and P,E. Glaser, "Investigation of the Thermal 
Properties of High Temperature Insulation Materials", ASD-TDR-63-
57U, Arthur D, Little, Inc. (1963). 

17) E, R. Street» et a1., I rformance of Multilayer Insulation Systems 
for the 300" to 800"K Temperature Range", AIAA Paper 65-663 (1965). 

18) "MULTI-FOIL Vacuum Thermal Insulation", Thermo-Electron Corpora
tion, Waltham, MA. 

19) P,E, Glaser, LA. Black» R,S. Lindstrom, F.E. Ruccia, and 
A, E. Wechsler, 

20) Malloy, 

21) "Low Temperature Insulations - Foams and Composites ", Cryogenic 
Engineering News (lV!ay 1969), pp. 20. 

22) ASHRAE Handbook and Product ctory - 1977 Fundamentals, Ameri-
can Society of HeatLng. Refrigerating. and Air -conditioning Engineers 
Inc" (1977). 



SECTION 5 

OPTICAL PROPERTIES 



SECTION 5. OPTICAL PROPER TIES 

INTRODUCTION 

One of the most important topics r energy conservation is the day 

lighting applications, such as the use of diffuse skylight and sunlight to light 

interiors of buildings. This requires data and understanding of the proper

ties of clouds and atmosphere and how they affect the terrestrial illumination 

and whether they can be properly modeled rigorously or empirically to pre

dict the available daylight in any location. Also, the knowledge of optic 

characteristics of materials such as polymers are quite important for new 

and retrofit window applications of buildings. In addition, the durability of 

the coating mate ,coating technology and environmental exposure testing 

of the coatings should be well understood for successful applications. 

A. ATMOSPHERE 

The c 

The atmosphere has several effects on the incident solar radiation. 

atmosphere acts as a spectral filter due to the absorption of the 

constituent gases and aerosols. The cloudy atmosphere combines the 

absorption of the constituents mentioned above with additional absorption and 

scattering due to local concentration of aero and absorbing materials. 

In the case of the clear atmosphere, models exist(l, 2) which calculate 

the atmospheric transmission and emission from O. 2S to 28. 5 !-lm, Since the 

properties of both temperature and concentration of the gases change with 

latitude, typical pro s for tropic mid-latitude, and sub-arctic are 

included. Summer and winter profiles are included for the mid-latitude and 

sub-arctic latitudes. In addition to the typical profiles included in the model, 

it is possible to use a profile of the user1s own choosing. In this way, the 
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tran 

incre the 

transmis 

sion over the so 

on to solar 

one 0 l' mo re constituents on 

By integrating this 

curve, the effect of rent concen-

can 

By using satellite measurements of the solar ene 

measurements of the total radiation at the surface of the earth, it 

and 

been 

determined that under cloudless conditions, the ave atmospheric absorp= 

tion of solar is approximately 30 percent. By assuming the absorp-

Hon spectra of the constituent gases and the aerosols are nearly independent 

and with a knowledge of the water vapor and ozone content, it was deter

mined(3) that half of the absorption was due to aerosols and half of the 

absorption due to the constituent gases. From these findings, it appears that 

significant decreases in total solar radiation can be caused by high aerosol 

concentrations, whether natural or artificial. Further work on aerosol's 

contribution to dec the to solar radiation received at the surface 

might be considered. ation of satellite measurements, pollution moni-

toring measurements, hourly values of so radiation could be us to 

investigate these aerO effects. 

In the case of the cloudy atmosphere, work has been done to relate 

the diffuse component of solar radiation with the total measured radia-

tion. Using a least square fit on data obtained from 1952-1956 at Blue Hill 

Observatoryg Buyco and Namkoong(4) obtained the functional tion y ;;::: a + 
(l - a) (cos 1r /2 xfJ between the diffuse and total solar radiation. To obtain 

the least square fit, the 0'1 s and ~ I S vary for each month are available in 

the Uterature(4). However, the relationship between the percentage of cloud 

Covel' the amount of diffuse illumination could not be inferred from this 

data. Using regression analysis, it has been found that 70 to 85 percent of 

the variance total solar radiation can be explained by using percentage 

pos sunshine. Thus, this parameter has been used to estimate total 

radiation. measurements total solar raqiation are not as 

widely as sky covel' measurements, attempts have been made to 

regres analysis using relate cloud covel' to total solar radiation. 

opaque sky covel' could abo be used(5) to "' ... /J ........ u greater than 70 percent of 

in total so radiation. 
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It has been found that the use of regression analysis is limited 

because coefficients may vary considerably, even between nearby locations. 

An empirical model available relating total cloud amount to the 

of possible sunshine(6), according to which S :::: 1 M fl + f2 where 
-0.25 a I II :::: ae , and a :;: (C + + Ch ) 8, (C, Cm and C

h 
are the mean 

amounts of low, medium, and high clouds, respectively, at 0830 and 

1730 hours in octas), varies from 0 to 1 as sky conditions change from clear 

(0 octas) to overcast (8 oetas) and I2 ;;;; latitude correction (0,02 + 0.08 cos 4 ~) 

up to 45 0 latitude and -0,06 for latitudes above4S o , ~ being latitude in 

degrees. 

None of the models discussed above can relate the rcentage of 

cloud cover to the total solar radiation over averaging times less than a 

month. No models relating instantaneous or even hourly surface illumination 

with cloud cover could be found. 

To evaluate solar radiation as a function of percent of cloud cover, 

the thickness, cloud type, and distribution with respect to the sun angle must 

be included. By using satellite data and ground measurements of solar 

radiation, it would be possible to evaluate the solar radiation as a function of 

these parameters, Once these functional relationships are the 

3 DNEPH cloud analysis program(7) or a probability cloud cover program 

can be used to determine the long term levels at any location. 

Although satenite data are available from the National Environment 

Satellite Se (NESS)(8, 9), the data must . from data s and 

then properly formatted and analyzed. In addition, ground measurements 

must gathered which are concurrent with the satellite data. Some this 

data is probably available from existing National Oceanic and Atmosphe 

Administration (NOAA) .measuring stations. university measuring 

or weather pollution monitoring stations, but some new ground based data 

collection, concurrent with satellite fly overs, may be necessary. 

B. MATERIALS 

1. GLASSES 

To make an ideal "window, II the mate s should have one of the 

following characteristics. The material should either: (1) transmit the 
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solar spectrum and reflect the infrared, or (Z) reflect the solar trum 

and transmit the infrar Windows with the first set of characteristics 

(Figure 8) would be useful for pas heating when outside tempera-

ture is low, while those with the second set of characteristics (Figure 9) 

would be useful for passive cooling, when outside temperature is high, 

As stated, those characteristics are ideal ones, and no single 

mate possesses an of these characteristics. Common window glass is 

an approximation to the solar heating characteristics. However, instead of 

reflecting the infrared, glass absorbs the infrared beyond about 3 IJ,m pri

marily as a SiO absorption. Since absorbing materials re-emit the energy 

in aU directions. half of the energy is lost to the outside of the window, All 

SiOZ-based glasses have the same general nature as discussed above, L e. , 

absorbing in the infrared and transmis sion cutoff at between 2 - 3 IJ,m. 

Germanium is an approximation of the solar cooling characteristics. It has 

good reflectance in the visible and transmission up to 27 IJ,m. It is com-

monly used as a solar rejection mate Since it does have a index 

of refraction, Fresnel reflection losses are significant. To reduce this 

reflection, germanium should have an anti-reflection coating for the IR OO ). 
Since halides, other oxides and chalcogenides also form amorphous 

glassy states, alternate materials are possible. Many of the halides have 

good transmission extending from the visible to ZO IJ,m or more. However, 

the halides are hygroscopic or water soluble and have low softening tempera

tures. Uncoated, the halides would not withstand exposure to environmental 

d 't' ( 11 ) con 1 lons • 

The oxide glasses generally behave like common Si02 based glasses 

with cutoffs between 1 and 6 IJ,m and restrahlen bands in the 8 = 13 lJ.m and 

16 - 26 IJ,m regions. The restrahlen band in the 8 - 13 IJ,m region helps cut 

down the energy loss (radiative) due to the re-emission, since the band cor

responds to the peak of the room temperature (300 0 K) blackbody emission 

curve(ll). 

The chalcogenide glasses generally have good sion in the 

8 - 13 IJ,m region with some, such as the telluride glasses, extending out to 

20 IJ,m, Except for some the sulfide glasses, they all have short wave-

length cutoffs in the near infrared, 0.8 - 1. 0 IJ,m (2). 
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Windows for passive solar heating could, at least in theory, be 

fabricated from either the halides or the oxides, By placing infrared reflec-

tive coatings on these mate s, the characteristics shown in Figure 8 

would be approximated. As noted above, the halides are hygroscopic and 

thus would require some type of protective coating. The IR reflecting coat

ing might well be made to serve both purposes. The durability of coatings 

will be discussed further below, 

For passive solar cooling, the windows could, in theory, be fabri

cated from either the halides or chalcogenides. By placing visible reflective 

coatings on these materials a the characteristics of Figure 9 would be approx

imated, The requirements of the coating for the halides are the same as 

noted above. 

The transmission and reflection characteristics of the materials 

commonly used in the IR are available (12-17) including tho se in the cate

gories discussed above, However, most of these materials can be termed 

exotic from the standpoint of supply and cost of making the materiaL In 

addition, at present. these materials are available in limited dimensions, 

Most are not available in pieces larger than 1 foot in diameter, An even 

more serious problem relating to the use of many of these materials is their 

high toxicity. Many cannot be handled except under strictly controlled con

ditions, The development of new non-toxic window materials is not likely 

under the current stimulus. 

2. POLYMERS 

Because of the cost of coating windows with a dielectric coating, 

interest in using polymers as a substitute has increased. Polymers have 

the advantage of being applied directly to existing windows as a coating. as a 

filler in glazed windows, or in curtain-like sheets. 

Optically, most polymers are transparent in the visible, but have 

strong absorption bands throughout the infrared, Table VIII lists characteristic 

groups common to polymers (10). 
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TABLE VIII. CHARACTERISTIC GROUPS OF COMMON POLYMERS 

Molec Bond 
or Group 

O-H 

N H 

Carbonyl 

Methyl 

Ester 

C 0 

C-Cl 

2.8 (stretch) 

3.03, 6,12, 6. 

3.33.4(st 
(defo 

5.6-6.1 

7.2 7.4 

7,7-8.7 

7.7-10 

tch), 6, 85 
) 

12,5 16 but gene 
13.5-13 

Most hydrocarbon polymers abso s at 3,4, 6.81 

throughout the 8-13 fJ.m region, In addition, all the po rs 

1em of discoloring due to the absorption of ultravio This discolo 

decreases the visible transmission of the polyrners. Even though are 

transparent to the visible, the absorption in the infra e s in the 

8 13 fJ.m region, reduces their effectiveness as window s. Because of 

the s absorption, sheets thick enough to be used as curtains are essen-

tially opaque in the for most polymers, Of polymers su as 

Lucite, Plexi.glas, Mylar, ton, and polye thylene, o:qly poly 

good t s si.on in the 8-13 fJ.m band for thicknes ses of ::;1 

Wo has been with fluorocarbon po rs, fluoroalkylaled 

polypho sand fluoroalkylatcd nes in an to extend 

infrared cutoff to 6 fJ.m for use as binders in highly rcraft coat-

ings(l9, 20), These materials do have good transmission out to 6 lJ.m, but 

are highly absorbant and essentially dead in the 8-13 fJ.m The 
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transmission does increase to approximately 30 percent for longer 

wavelengths, but this depends upon sample thickness, 

The polymers which have high absorption in the infrared above 6 fJ.m 

can be used as filler in double glazed windows or as surface coatings to 

impede radiative cooling. However. these materials are not as effective as 

materials which are reflective in the infrared, Since the visible properties 

of the polymers are deteriorated by the UV incident on the polymer, the UV 

absorption of the glass attenuates the UV incident on the filler, 

Polymer filrns which are completely transparent in the long wave 

infrared (5-30 fJ.m) are non-existent, since all organic compounds have at 

Least one major absorption in this region. Of the existing films, FEP Teflon, 

TFE Teflon and polyethylene come closest to being transparent, although 

polyethylene still has absorptions at 6,8, 7, Z, and 13.9 fJ.m with gradLlally 

increasing absorption above 14.3 fJ.m. FEP Teflon has a strong doublet at 

8.3 and 8,7 fJ.m and TFE Teflon absorbs primarily at 8,4 fJ.m. Aromatic com

pounds and chlorinated or brominated compounds all have strong absorptions 

in this region, with C -C 1 bonds absorbing around 13 -16 fJ.m and C - Br absorb

ing above 16 fJ.m, The minimum number of absorptions. which a compound or 

polymer exhibits, occurs when the compound is highly symmetricaL Thus, 

simple compounds such as CC1
4

, CSZ ' CBr4 , etc., have only one to four sig

nificant absorptions. Theoretically, it would be possible to produce a 

poly(tetrabromoethylene) with absorptions only about 15 fJ.m, but such a 

polymer not only would be extremely difficult to produce. but also would have 

a low level of thermal and UV stability. 

In contrast. polymers which are opaque or essentially opaque in the 

5 - 30 fJ.m region of the spectrum are numerous, and it is only in very thin 

layers~ such as less than 0.005 inch, that it is even possible to identify 

individual absorption peaks. Maximum opacity is achieved with aromatic 

polyme rs such as poly(dimethylphenylene oxide}, chlorinated styrenes, 

poly(phenylene sulfidesL polysul;fones, polycarbonate, Mylar, Parylene C, 

etc.; however, it should be noted that even FEP Teflon, although one of the 

most transparent polymers. is almost totally opaque (0-2 percent transmit

tance) in 20 mil thick films, Thickness thus is a major factor in appraising 

opacity, since virtually any polymer film is opaque if the thickness is 
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40 mils or more. Polycarbonate is ano where t sion 

falls to 0 - 3 percent in 30 mil thicknesses, Films such as lip C" 

cannot be effectively p ed in thicknesses greater than 2 - 3 mils, thus 

the potential of this relatively opaque material cannot be realized in all 

practicality. In a recent study conducted at Hughes for the purpose of select,~ 

ing the most opaque film material for use as a radiative heat transfer bar~ 

riel', FEP Teflon and Lexan polycarbonate were chosen largely on the 

basis of their availability in appropriate thicknesses, Polysulfone was totally 

opaque in 130 - 140 mil thick films, but this thickness is excessive and 

intermediate thicknesses (about 15 mils) were not available for evaluation. 

Inorg polymer films, s lIC h as sit icon nitr ide, can also be cons ide red 

for use as potentially opaque materials, Silicon nitride for example~ abeor 

strongly at 11. 5 and 21 IJ.m, and with slIfficient thickness, total opacity c01I1d 

be achieved(21), Technology recently developed at Hughes on low tempera

ture SiN coating processes has demonstrated that high strength impermeable 

continuous films up to 3000 IJ.m thic k can be appl.ied, 

Near IR absorption (l, 0 - 2,5 IJ.m) also OCClIrs in polymer films, blIt 

thicknesses must be sufficiently great if the absorption is to be deLe In 

thin films, no absorptions can be detected in this region because they are too 

weak; however, with a 1/4 inch thick Lexan polycarbonate sample, 5 to 

6 percent of the spectrum will be absorbed. Absorption pe are detectable 

at L13, L 37, L 67, L 87, and 2, 15 IJ.m and lIP, with the 1,67 IJ.m absorption 

being the major one, These absorptions are overtones of the aromatic C-H 

stretching vibrations normally found at 3.1 - 3.35 IJ.m (note that 1,67 is 

half of 3.35). 

In research conducted at Hughes on infrared reflective paints, m or 

efforts were concentrated on the development of cure processes for fluorocar

bon polymers. This general class of materials was selected because, as 

noted previously, they are relatively free of absorptions up to 6 IJ.m. The 

problem of utilizing them as paint binders in their processability. High 

molecular weight materials of this type cannot effectively be dissolved in 

solvents, and those that are soluble must be cured by processes which do not 

deteriorate their thermal stability, add undesirable IR absorptions. or 

57 



introduce significant coloration, Cure processes utilizing mixtures of 

benzoyl peroxide and L 4-diazabicyclooctane, or cesium fluoride and mag

. nesium oxide were developed for Viton type materials such as Viton AH- V 
(20) 

and the analogous Kynar 7201 , 

Future work in polymer chemistry should be directed toward improv

ing the UV cutoff and the 8 - 12 fJ.m transmission, CurrentlYI work is being 

done at Hughes Research Laboratory on polymerization of organic materials 

for use as thin protective coatings on IR optics, Films which have good trans

mission in the 8 - 12 fJm and 3 - 5 'flm regions have been developed, Effects on 

the surface finish of the substrate on the durability are being investigated(22), 

In addition, future research should be directed toward the develop

ment of thermosetting. oxidation resistant polymers having no hydrolyzable 

functional groups within their molecular structure, Examples of such 

materials are the phenylene-X polymers such as poly\phenylene oxide) and 

poly(phenylene alkylene), Isomer configuration is of course crucial to the 

achievement of the property objectives, Such materials have potential use 

in window sealants and glazing protective coatings, geothermal well gasket 

and sealant materials. etc, 

Another area of research is in IR opaque materials, Such materials 

can be blends of compatible polymers having significantly different IR 

absorption spectra, Blends with up to 5 different polymers could likely be 

developed which will exhibit an essentially continuous absorption sp.~c trum 

above 3 fJ.m, Another approach to the development is to synthesize a single 

polymer with a large number of different typed of functional groups, With 

the current technology. individual polymer s can be used, but thick films 

(40 mils or more) are required to provide complete opacity. 

A third potential area of research involve s the development of an IR 

transparent polyme r. one which has no C-H, C=O, C -O-C=, N, C- Cl, 

C - F, Si -0, etc. A pos si ble candidate is a comple tely brominated hydrocar

bon polyme r, Othe r candidate s would likely have to be inorganic polyme r S, 

although it is not known with certainty that IR transparency is feasible. 
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The ments used in camouflage coatings are developed to have high 

reflectance in the solar IE (0, 8 2, 0 fJ-rn) , Co s are made by 

nts reflectance to a polyethylene base which, as not above, 

is tran in the near IR for s tly small sses, The spectral 

reflectance of many of the s us ed in the co ating s are contained in 

references 23~25, Pigments such as lead chromate yellow, cadmium sul

fate ye1l.0w. molybdate orange. and monoazo red seem to have the best 

reflectance over the solar spectrmn, (From the data contained in the refe 

ences, it appears that a undercoat would be necessary to achieve high 

solar ctance,) These nts could be applied to buildings, particu-

larly roofs, to decrease solar heating, 

C, COATING TECHNOLOGY 

L COATING DURABILITY 

Of P i:mportance to any coating considered for solar energy con-

version s is its durability under adverse weather conditions, Prac 

tical1y every coating used will have to endure exposure to rain, snow, hail, 

UV irradiation, etc, This report first discusses the durability of transparent 

coatings on glass and various polymers, then it addresses the environmental 

testing of co 

Pas 

s on various infrared transmitting materials. 

and Sparks(26) report on forming anti-reflection coatings on 

soda-lime glass. u various coating methods including acid etching, 

plasma etching, and dipping the substrate into a solution of sodium silicate, 

Durability tests included exposure to ultrasonic vibrations in abrasive free 

water, subsequent buffing with a mild abrasive, Both the acid etch and 

sodium silicate films were deemed durable enough to withstand outdoor 

expo sure, plasrrla etched filrns were very water soluble and found to be 

entirely unusable for outdoor applications, 

Lowery(27) reported on the optical and durability characteristics of 

various s of coatings and surface finishes, All of the coatings addressed 

were black solar absorbing coatings formed by various techniques, This 

study indicated that most of the electroplated coatings tested had excellent 
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resistance to moisture, as did the chemical conversion coatings. Only the 

anodized coatings exhibited unacceptable degradation. 

Marks(28) discussed the deposition of a superhard (Moh::> 5) coating on 

transparent polyme ric shee t substrate s. The coating s we re comprised of sub

micron sized hard particles suspended in a polymeric matrix. The coating 

was exposed to various types of solvents, including acetone, alcohol, water, 

etc •• with no observable effects. Two days' humidity exposure had no effect 

on the coating, although five minute immersion in boiling water did soften it. 

Coated panels of plexiglass were exposed(28) to ultraviolet radiation 

for 30, 60, and 90 minutes after being heated to 1000C for 2 hours. The 

coating remained clear and free from crazing. Further exposure to higher 

levels of ultraviolet radiation slightly increased the coating hardness. 

Test sample s were impacted by a 200 gram steel ball falling from 

50 cm without any apparent damage to either coating or substrate. Adhesion 

tests using cellulose adhesive tape produced no separation of coating from 

substrate. All in all, this coating showed remarkable resistance to prac

tically every environmental test used. 

Many types of environmental durability tests have been performed on 

infrared transmitting materials and their associated anti-reflection coatings. 

Most of the tests address the capability of the materials and/or coatings to 

withstand rain erosion with impact velocities approaching Mach L This is 

intended to simulate the conditions of a window on a low flying jet fighter, 

Rain erosion tests of coatings are described in the literature(29, 30), One 

of them (29) reports on rain erosion tests of multilayer anti- reflection coat

ings on chemical vapor deposited zinc sulfide, IR TRAN II, and gallium 

arsenide. The anti- reflection coatings used zinc selenide as the high index 

material and thorium fluoride, lanthanum fluoride or neodymium fluoride as 

the low index of refraction materials. The simulated rainfall was 1 inch! 

hour for 20 minutes at 470 mph. The coatings on the zinc sulfide substrates 

pass these tests while those on gallium arsenide did not. The surface 

polish of the substrates was a critical factor in determining whether a given 

coating would be able to withstand this environment, Obviously, this dura

bility test is much too severe for testing coatings for solar applications. 

Although solar coatings may not have to endure as severe a short period test 
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as describe it may have to endure a wider variety of environments for a 

considerably longer tirne p rio 

The shed a number of military specifications that 

spe nmental and durability tests required of coatings 

hardware, se include M[L~STD~810, MIL~M-13508 

ed rflirrors), and MIL~C-675 (Mg anti-reflection coating on glass) 

and MIL~C=48 7 (interference coatings) among others, The may 

require a co to pass only part or all of the tests specified in a particular 

specification, A typical environmental callout for HAC- specified exterior 

co s is shown in Table IX, In instances where the military specifications 

are not s t ent eno for a given application, HAC has specified its own 

requirements, but always using the military specifications as a guideline to 

define the type of test and the test method, An example of this is the humid~ 

ity test in Table This coating is used on the exterior surface of aircraft 

mounted d windows, This is similar to the humidity test specified in 

MIL- C= 7, except the time period is extended from 1 day to 28 days, 

One thing is clear this inve stigation: no similar set of environmental 

tests now exist for solar conversion coatings. Every investigator is basically 

his own set of tests to subject s coatings to. Unfortunately, this 

makes it difficult. if not impossible. to make a coating to coating comparison 

for an overall evaluation of the state of the art on durability. The environ-

ment to which so coatings will be expo sed is quite different from tho se 

covered present military specifications. A standard set of durability 

specifications for solar coatings needs to be generated either by starting 

from SCI' or by presently available specification. Then, samples 

of the various types of solar coatings should be procured and all tested to the 

same specific s, That way, a true calibration of the state of the solar 

co art can be determjned, 

It is 

only subjec 

ure the co 

that the testing facility have the capabilities for not 

the co s to proper tests, but able to meas,~ 

optical parameters prior to and after exposure, 
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TABLE IX. TYPICAL ENVIRONMENT AL TEST SPECIFICATION 

A. THE COATING SHALL BE SUBJECTED TO THE FOLLOWING 
ENVIRONMENTAL AND DURABILITY TESTS IN THE ORDER 
LISTED: 

1. SALT SPRAY FOG PER MIL~C-675 

2. SEVERE ABRASION PER MIL- C- 48497, 

3. ADHESION PER MIL-C-48497, 

B. FOLLOWING THE TESTS OF NOTE A, THE COATING MUST BE 
EXPOSED TO A RELATIVE HUMIDITY BETWEEN 95% AND 100% 
AT A TEMPERATURE OF 120 0 F ±40 F FOR A PERIOD OF 
672 HOURS. AFTER THIS TEST, THE COATING SHALL BE SUB
JECTED TO THE MODERATE ABRASION AND ADHESION TESTS 
OF MIL-C-48497. 

C, AT THE CONCLUSION OF THE TESTS OF NOTES A AND B, THE 
COATING SHALL CONFORM TO THE REQUIREMENTS OF MIL-C-
48497, SECTION 3.3,1 (PHYSICAL), 3,3,3 (ENVIRONMENTAL 
AND SOLUBILITY BLEMISHES), 3.3,4 (SPATTER AND HOLES) 
AND 3. 3.5 (SURFACE DEFECTS). 

2. COATING DEPOSITION METHODS 

A major factor in the utilization of solar energy for large scale 

electrical generational" even for more modest projects such as home heating 

and cooling is the overall production cost of converting solar energy into a 

more useful form. The initial cost of the solar conversion unit and the max-

imum size of this unit are two factors that ctly relate to this cost effec-

tiveness. The methods used to deposit the optical coating on the so con

version unit has a major effect on the cost of producing the unit and directly 

determines the maximum sized unit ducible. With that in mind. a review 

of the major coating deposition methods is presented, 

(i) Ele 
---""'-'-~ 

(31 ) 

This process involves the deposition of a metallic coating via the use 

of electrolysis. It consists of making the substrate being plated the cathode 

submerged in a suitable electrolyte. The anode is the metal being deposited. 



The elect rolyle consists of a solution of a suitable salt of the metal being 

plated, This process is easily adaptable to mass production, although recent 

problems with the Envi ronmental Protect ion ency (EPA) have aIte red the 

cost effectiveness of this coating method, 

(ii) Chemical s 
(32 ) 

This process deposits ynetals by pyrolitic decomposition of metallic 

oxides by oxidizing orgallometallic compounds, The chemicals are applied 

by either dipping or sprdying, This is the method used to rnass produce 

ectural coatings and blue Linting of automobile windshields, The capita1 

costs of this rnethod are divided between deposition equipment and the anneal 

ing furnaces, The costs are quite dependent upon the coating design used, 

but dre significantly less than either sputtering or vacuum deposition 

systems, 

(iii) Vacuum s:1tion Co s 
(32. 33) 

This process involves the thermal or electron-gun heating of a coat

ing rnaterial sOUrce which, in turn, ejects atoms, some of which are deposited 

onto the substrate surface, Vacuum deposition must take place in a hard 

vacuurn, This necessity results in a substantial part of the cost of this 

process, Although both Libbey-Owens=Ford Glass Company and OCLI have 

developed very large vacuum deposition systems, the high capital costs do 

not project a bright future for this method in solar energy coatings, 

( ' ) S tt d (~ . (32. 34) IV pu' ·ere jOatlngs . 

Sputtering is produced by ions bombarding the coating material 

source, The ions transfer their nlOmentum to coating material atoms 

resulting in their being emitted towards the substrate surface. Both re 

DC sputtering and planar diode sputtering produce films of adequate quality 

at co:mpetitive prices, Like vacuun1. deposition, sputtering must occur in a 

vacuum and both metallic and dielectric films are produced, 

Both Battelle and OeLI have developed large scale sputtering deposi

tion systems, Since this process does not require a hard vacuum, the 
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sophisticated pumping equipment needed for vacuum deposition techniques 

is not required, Thus, the capital outlay is not great, making this method 

quite cost effective. 

(v) Spin Coating Techniques (2 8) 

Superhard coatings for helicopter transparencies have been deposited 

onto polymeric sheet substrates using the spin coater method. These coat

ings are produced by suspending submicron sized particles in a polymeric 

matrix. This process involves high speed spinning of the substrate while 

pouring the coating onto it. Centrifugal force move s the coating towards the 

outer edges of the part. Coating thickness is a function of fluid viscosity, 

rpm, and time. There does not appear to be a limitation on the size of panel 

to be spincoated so long as the maximum slope of the surface relative to the 

horizontal does not exceed 45° . 

(vi) Acid Etched Films (26) 

In contrast to other techniques, the acid etch method does not deposit 

an anti-reflection coating on giass, but rather produces a film by chemically 

and optically altering a thin layer of the glass surface itself. Glass is a 

solution of a variety of oxide compounds, mostly Si02 , but also certain metal 

oxides. The object of acid etching is to selectively leach the non-silica 

components, leaving a skeleton of pure, porous SiOZ ' This skeletonized 

layer has an index of refraction between that of glas s and air, and the layer 

of thickness, as well as its optical properties» can be varied by adjusting the 

temperature and duration of exposure to the acid. 

The major problem with this method is in controlling the parameter s 

of the supersaturated acid solution. Once these problems are solved, this 

method may prove to be a viable method of anti-reflection coating glass. 

(vii) Other Coating Technique s 

There are a variety of other methods for depositing coatings on 

substrate surfaces. These include dipping(26), spraying(32), painting(3Z), 

plasma etching(26), and gravity flow, Each has its strong points as well as 

its weaknes ses 0 Spraying and painting are usable only when coating uniformly 
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is not important, such as black paints, etc, Plasma etching is similar to 

acid etching discussed earlier and it is produceable on a mass production 

basis, but to date, the coatings have had poor durability, 
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HUMAN ENGINEERING 



Section 6. HUMAN ENGINEERING 

INTRODUCTION 

Occupancy in underground buildings and other structures which have 

limited amounts of glazing potentially affects the occupants' performance 

and behaviour. The focus of this review was thermal comfort in the 'normal' 

temperature range (65 to 85° F) and the effects of radia.nt heat on human com

fort. Isolation and confinement and health and safety topics were also looked 

into with emphasis on a quality maintenance I control i.n enclosed environ

ments. The information furnished below should be sufficient for indicating 

the type of work being done on the above topics and the problems that need 

further study. 

A. THERMAL COMFORT 

The material,uncovered in this area falls into two categories: the effects 

of heat stress (high heat) on physiology and performance, and the develop

ment of mathematical models to predict human heat tolerance. In the first 

category, Nunneley, et al, (1) found that radiant heat (117°F black globe) was 

more fatiguing to subjects than "normal" (95" F db' 79° wb)' and that 

both conditions altered the learning curve for some parts of Repetitive 

Psychometric Measures (RPM)( 1). The authors concluded that similar con

ditions an aircraft would result in impaired performance. This decrease 

in performance due to heat stress was 0 observed by Durren (2). He found 

a statistically significant increase in performance time necessary for sub

jects to complete a prelearned maintenance task in hot (110° F db) vs normal 

( Q F db) co.ndition. In this study, subjects reported that sweat rate in the 

hot environment made handling of the tools (for the maintenance task) diffi

cult, thus affecting performance time. 
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A different approach to the study of heat stress involves the use of 

mathematical models, Goldman (3) defined human tolerance in terms of 

the body's ability to eliminate heat that exceeds its storage capacity, He 

stated that the relationship between the body's demand for evaporative cool-

ing (E ), and its maximum cooling capability (E ) re sults in a ratio req . max 
(E IE ) defining the amount of 11skin that must be sweat wetted 11 to 

reg max 
alleviate heat stress, This model,and others using the same parameters, 

have been developed to predict heat tolerance limits under varying conditions, 

with further study to adjust for age, sex, and physical condition, Coupled 

with this was a discussion of the clothing insulation unit(4), This model was 

developed to determine the insulating capabilities of various types of clothing 

as a means of maintaining comfort in the 65° F to 85° F temperature range, 

The findings reported in these article s are of value to our review in two 

ways, First the heat stress studies indicate that the effect of radiant heat 

may result in increased fatigue and that at least a portion of the performance 

decrement in a maintenance task is due to increased sweat rate, Secondly, 

the modeling approach to heat stress provides the means of establishing 

individual heat tolerance levels for various conditions based on biological 

functions and clothing, From this, it is is possible to know not only what 

problems to expect under certain conditions, but also how to deals with them. 

The literature reviewed in the area of thermal comfort deal p:r:imarily 

with high heat stress on human physiology and performance, Although sub

jective responses to high heat include increased fatigue and difficulty in 

handling maintenance tools due to increased sweat rate, these responses 

cannot neces sarily be generalized to the more 11norma1 11 heat conditions of 

concern to our program. There were few experimental data in the literature 

concerned with the effects of working in a 65° F or 85° F environment, and 

none that deal with large but gradual temperature changes. The apparent 

lack of interest in this area might stem from the difficulty in assessing the 

significance of small or gradual temperature changes, particularly in the 

normal comfort range, If the problems are going to exist in solar energy 

systems, then special research in this area would be appropriate, with parti

cular attention paid to the long-term effects of exposure to radiant heat and 

working i.n the upper and lower limits of the comfort range, 

70 



B, HEALTH AND SAFETY 

The major concern for our review in the area of health and safety is air 

quality maintenance. Pas sive solar energy systems might call for under

ground buildings or buildings with limited fresh air ventilation and lor reduced 

air flow, thereby increasing the amount of CO2 in the air. The literature 

reviewed in this area was limited to CO2 removal systems designed for 

special purposes -- namely, for use in submarines and manned space 

missions, 

In addition, each study investigated the use of new and different materi

als and methods for CO2 removaL Lithium hydroxide was referred to by 

Rudy( 5) as a previously used material for sorption, yet neither Fue st 

and Brice (6) nor Patel and Baker (7) mentioned any current or previously 

used materials as a comparison, Hence, it is unknown what materials or 

systems have been or are now being used, and no background information on 

CO2 removal systems was supplied in any reference, From these technical 

documents it is evident that various methods and systems of CO2 removal 

are currently under investigation by the Navy and NASA, 

Two articles reviewed were concerned with the human factors of health 

and safety, Newberry, et al(8), reported the results of a study on the effect 

of Lncreased CO2 consumption on performance, This work stemmed from 

previous investigations indicating that increased CO2 in an oxygen-poor 

breathing mixture prevented alkalemia in pilots at high altitudes and decreased 

the negative effects of G -forces on animals, The Newberry, et aI, study on 

vigilance concluded that a 4,5 percent concentration of CO2 in three oxygen! 

nitrogen mixtures did not significantly affect operator performance on a 

vigilance tas"k. These results could provide a baseline level of tolerable 

CO2 consumption with respect to office workers in enclosed environments. 

Of special interest to our review would be the report by Young(9) on 

the solar energy research at Sandia Laboratories. His discussion of the 

associated health and safety concerns was limited to possible eye damage 

resulting from exposure to the reflecting dishes used in the collection of 

solar energy. The selection (as it were) of chorio-retinal damage as the 

main health concern was due to the reflection and reradiation of solar energy 
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in the immediate area. Because the eye is the most sensitive organ to this 

condition, its protection assures the safety of other tissues (such as hair 

and skin). 

Air quality maintenance (particularly CO2 removal) systems are 

undergoing continuous development for submarine and manned space mis

sians, and the spa nsaring agencies could provide additional information, as 

needed. The health concerns of Sandia may apply only to solar energy col

lection systems rather than to office /residential building design. Further 

re search into this area would be appropriate. 

C. ISOLA TION AND CONFINEMENT 

Interest in this area stems from construction and desi.gn criteria 

necessary for solar energy system utilization. Underground buildings (resi

dential or office) represent one area resulting in possible isolation and con

finement due to limited visual contact with the outside and perhaps limited 

living/work space. Akins (10) addressed these problems in reI ation to space 

colonization. In his discus sion of the sensory/perceptual, temporal, and 

social types of isolation expected, he stressed the need for variety in visual 

stimulus and activity to offset the strains of limited environments. Confine

ment was also discussed, and Akins suggested that plant life and creative 

room structure and interior design be used to decrease the feeling of con

finement. This would be of particular importance in the application af find

ings by Johansson and Lundberg(ll), who reported, subject's perceived 

degree of crowdedness on a train was a square function of the actual number 

of passengers. 

Laboratory experiments on both perceptual and social isolation and 

on confinement indicate that confinement produces more stress than isolation. 

Zukerman, et al (12), found that "confinement without social or sensory iso

lation reduced generalized psychological and endocrine arousal". His find

ings were supported by Zubek, et al (13), who noted that while the decrease 

in occipital alpha frequency after isolation was significant, no significant 

difference existed between groups, suggesting that the decrease was produced 

by confinement alone, 
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Reports of extreme isolation and confinement add additional support. 

Studies on group structure of weather stations in Antarctica undertaken by 

Gunderson (14) indicate two major stress producing factors associated with 

confinement: 1) after the onset of winter there was no pos sibility of evacuat

ing the station or obtaining outside help, and 2) there was no possibility of leav-
115 ) 

ing the group, even temporarily. Mende and Ploezer's report' on miners 

trapped in a cave-in would be applicable here, except that the stress condi

tions of confinement were enhanced by total darkness and the continuous 

threat of death by subsequent cave -ins. 

The topic of isolation and confinement yielded some interesting 

information, yet the applicability of this information to our program is 

questionable. The Antarctica studies were concerned with various problems 

associated with total isolation and confinement in an extreme environment. 

Laboratory studies on pe rceptual isolation and limited sensory variation 

were conducted in small cubicles, subjects were confined to beds (except 

for meals a.nd going to the toilet) throughout the experiment, and the methods 

of telling time (clocks and watches) were nonexistent. These conditions 

were usually the same for the isolation and confinement groups. In both the 

laboratory and Antarctica studies, the conditions were more extreme than 

would be encountered in the solar energy system. It is doubtful that any 

proposed solar energy system would require personnel to live and work under

ground for weeks or months at a time with no opportunity for escape, as is 

the case in Antarctica. The concerns in this area for our program seem to 

be short term (several hours) exposure to an enclosed environment and the 

effects on a worker's performance. 

The ability 'of the usual office worker to do his job in a sensory 

limited environment could be dependent on such factors as job intere st, task 

requirements, and his i.ndividual preference or tolerance of certain environ-

mental conditions. The problem sed by underground buildings might best· 

be likened to the conditions experienced by mineworkers, who spend their 

workdays underground with little contact with the outside. Any literature on 

this subject might be useful, especially any long-term studies of miners and 

the psychological effects (if any) of their occupation. 
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It appears that isolation and confinement are primarily associated 

with extreme environments (Antarctica and space missions) or conditions 

(mining disasters), Even the laboratory conditions were more pr on-like 

than would hopefully be encountered in a solar energy designed building, 

More general information on less I'specialized" conditions would be appro

priate; a good reference unavailable for review would be Rasmussen (16), 

Little data on asymmetric radiation was found in this literature 

review, The combined effect of heat stress and confineme.nt was not covered 

in our search, Its application to solar energy systems would make it an 

interesting topic for experimentation, Further review of the literature is 

necessary to focus the problems of human engineering as applied to passive 

solar environments, 
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Section 7, HIGH POWER SOLID STATE ELEC TRONICS 
AND HIGH EFFICIENCY LIGHT SOURCES 

Fluorescent gas discharge lamps satisfy, at present. two-thirds of 

aU lighting needs in the United States, Fluorescent lighting technology has 

advanced greatly in the past 40 years since its introduction(l). but suppliers 

of the fluorescent I'hhting equiprnent display some rel.uctance to consider 

innovative concepts that differ significantly from the usual (2). 

Fluorescent discharge lamps offer a fairly efficient conversion of elec

trical energy into light energy, Typical efficiencies are 60-80 lumens/watt 
("" into light energy J). Fluorescent discharge lamps have a negative current/ 

voltage characteristic and require a current limiting or ballast device, which 

is normally provided as a saturating reactance. Besides the current lia:-iting 

function, the ballast circuity provides the means of starting the discharge 

lamp and stabilizing the operation under warm-up and steady-state conditions. 

The fluorescent discharge lamp and batla:'St circuitry are highly 

interdependent 'and should be considered together. 

Several developments have taken place in the last few years which 

offer a significant improvement in the combined efficiency of the fluorescent 

discharge lamp and the associated ballast circuitry. Considerable 

was devoted to optimize fluorescent discharge lamp performance in respect 

to luminous efficiency. color rendering. physical operating conditions and 

operating life. Operating at high frequencies (100 kHz), using proper gas 

mixtures and pressure as well as optimized fluorescent tube dimensions, will 

result inan approximately 80 percent conversion efficie'ncy of electrical into 

UV light energy, which then cause s the fluoresence (4), 

Further significant improvements in fluorescent discharge lamps are 

not likely, However, improvements in the ballast circuitry can lead to a 

significant improvement in overall efficiency. SoLid- state electronic ballast 
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The higher operating frequencies are desira-

bie. as mentioned before. not only for achieving higher iency in the elec-

tric power to light conver s10n. but also using smaller magnetic core sand 

capacitor s, A ferrite core of comparable voLume to a 40W saturated 

reactance ballast operating at 60 Hz can handle 600-800W at 50 kHz, 

A significant performance improvement in semiconductor power 

devices(7 ,8) contributed to the success of the solid-state electronics ballast. 

In general, improvements in solid-state power devices were made in the 

following areas: 

• Power handling capability 

• Voltage and current rating 

• Upper operating frequency 

• Reliability 

• Transient survival 

• Cost 

Specifically the following devices are current state - of -the -art: 

Asymmetrical Silicon Controlled Rectifiers 

• 40 kHz operating frequency 

• 4 kW power 

Gate Turn-Off R (GTO SCR) 

• Requires substantially reduced power for gate turnoff 

Power V _MOS(7) 

• 400V /lA rating 

• 1 OOW power 

• 5 ns switching time 



Power Diode s (11 ) 

• Low forward voltage los s 

• 0, 7V at SOA 

• 150V reverse voltage 

• 50 ns switching time 

Advances in capacitors have also been made to reduce the size of 

solid state electronic ballasts significantly. Electrolytic capacitors suitable 

for higher frequency operation are now available with Equivalent Series 
. .. (10) 

Reslstance (ESR) of < 1 m~ and EqUivalent Se:rtes Inductance (ESC) of < 1 nH . 

These advances in component technology created the basis for the 

solid-state electronic ballast circuitry. Further increases in operating 

frequencies can be expected and these will aUow matching of optimum operat

ing frequency of the fluorescent discharge lamp. 

The current design techniques for solid-state electronic ballasts are 

in general compatible with integrated circuit technologies. This will have a 

significant cost impact on the future market for solid-state electronic ballasts, 

considering the annual shipment of about 60 million reactance ballasts in the 

U. S, Circuit techniques for the solid-state electronic ballasts have been 

known for many years, The ringing choke converter, the push-pull inverter 

and switching regulator, which is the most efficient converter circuitry, 

have been used(12,13), 

Solid-state electronic ballasts have to provide the capabilities 

• Starting the fluorescent discharge lamp 

• Warm-up stabilization of the fluorescent discharge lamp 

• Steady state operation of the fluorescent discharge lamp 

Improvements in the area of solid-state electronics ballasts are 

required for: 

• Increasing reliability 

~ Reducing cost 

• Minimizing RF interference 
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eciable power levels are continually decreasing to the extent where 

replacement of ballast and associated passive components by an active IC 

circuit may become feasible. Based on s fact, a c r model of a 

typical. fluo1"ecent including such rs as high starting 

n s current-voltage, aging and other electrical e isti.cs 

could be develope Using the nciples of circuit synthesis with the compu-

ter, the response reguirem.ents of a four terminal network or " box" 

interposed between the fluorescent lamp and the power system could also be 

developed, subject to the following norninal constraints. 

'" Power input: 0 to 1 00 watts 

'" Voltage input: 110V to 270V 

'" Frequency: 50 Hz to 1 0 

Reduce EMI coupling back power system 

Minimize power ss 

High vo for starting 

e hing response function of network. 

be determined if it is physically reali If so. 1" 

for fabrication and te of a hybrid can be 
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Section 8. LANDSCAPE/ BUILDING MATERIALS 

INTRODUC TION 

The design of passive solar systems must consider the properties 

of the building and landscape mate rials quite seriously. The two most impor

tant properties of interest for this review were the thermal and optical 

characteristics of these materials. 

A. THERMAL PROPER TIES 

The primary the rn1al prope rty of inte res t is the thern1al insulation 

capability of building materials. It is expressed as a conductance or overall 

transmittance or overall heat transfer coefficient or U -value. For a sLab of 

thicknes s W in the heat flow direction, U = k/W, where k is the the rmal con

ductivity. It is also expressed as an R-value, R = l./U. Common usage 

expresses U in Btu/(hr_ft2 _ O F) and R in (hr_ft 2 _OF)/Btu. For example, R-19 
. 

refers to a slab of material having a unit thermal resistance of 19 ° F /((Btu/ 

hI') / ft2) .. For ce rtain materials (e. g" plas tic s), the following the rmal pro -

perties also are of interest. Coefficient of thermal expansion, deflection 

temperature at various pressures, continuous, no-load service temperature, 

flammability characteristics, and resistance to thermal cycling, For glass, 

the softening temperature is of interest. 

The thermal properties of standard or generi~ building materials are 

listed in the open rature(1,2,3). Some of these materials have found new 

uses in modern buildings, For example. formed galvanized steel sheets 

have been used as the main skin (roofing and siding) for a house. at the same 

time serving as a collector for solar heating of the house(4), Materials as 

familiar as water, paint, masonry, and fiberglas s are used as dual construc

tion materials and solar absorbers/ storage in modern passive-solar 
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buildings(5), Plastics have been found to es for ing or 
, "d (6) augmentlng 1313 1n WIn ows , 

The present review was restricted to two areas <~ thermal properties 

of new building materials, and unusual thermal p rties of standard mater~ 

ials. It is to be noted that ve ry little information was found on the nnaL 

properties of landscape materials. 

1, THERMAL PROPERTIES OF NEW BUILDING MATERIALS 

One type of new building material which s been extens 

in recent years consists of insulating window and c materials 

ly 

'window shades and blinds. Some of this development work s been 1" d 

in the government literature (7) and bulk of the recent and ongoi work is 

welt documented(8). 

Another type of new building material which has been deve exten~ 

sively in recent years consists of materia!.s used wails roofs, 

objective of these developmental efforts is to devise new materials or novel 

combinations of generic materials that increase the R~value (i. e., decrease 

the U~value) of walts and roofs. Houses typically are constructed 

R-vaiues ranging from R-3 to R-5 for walls and from R-2 to R··5 for ceil.ings(9). 

Recomm.ended R-values for an optimum trade-off between energy s 

and insulation installation cost for ceiling insulation based on 1978 s 

are R-19 for warm regions such as Southern California. and R-30 to R-38 

for colder regionso ASHRAE 90-75 mandates maximum U-values 0,20 to 

0, 38 (mini.mum R-values of R- 5 to R- 3) for walls and 0 0 06 to 0, 10 (1:<-17 to 

R-IO) for roofs (10), and maximum U-values as low as 0,05 (R-20) ar be 

specified for roofs (11) , 

Pre -insulated panels usually are better insulators re d 

ASHRAE and decrease energy usage more than a third compared with ins 

rnasonry construction, They are commercially available a 

l' -to-instaU sandwich of steel ~xterior interior walls ins 

in between, The interior surface is gaJvani d sheet steel from 028 to 

0,040 inch thick, finish-painted on the exposed surface, The insula,tion core, 

normally 2 inc 

polyu or 

asbestos board, 

s~ 2-1/2 inches~ 

is oc yanate foam, 

and polys tyrene 

or 3 inc s thick, consists primarily of 

although fiberglass, gypsum, perlite, 

also been used, The outer ply is 
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usually painted on the exposed surface. Optional for exteriors is weather 

steel, stainless steel, porcelain enaITlel, and an aggre stone com.pris d 

of chips perITlanently bonded to steeL For use as roofing -insulation units 9 

the exterior or top surface has the option of laying aluITlim:un-coated or 

alUITlinuITl/zinc coated steels, which reflect about 85 percent of the solar heat, 

Foam cores noW in use meet accepted fire test standards, especially the 

recently-developed isocyanate-base foams. They have passed the 

writers' Laboratories Tunnel Test BLBT with a Flame Spread rating of 25, 

and Fuel Contributed value (with steel skins in place) of O. Recent UL E-84 

Steiner Tunnel Tests have resulted in Smoke Developed Ratings of 75 and 

40, Thermal insulation properties of pre -insulated panels and competitive 

materials are compared in TableX(l), 

TABLE X. THERMAL INSULATION PROPERTIES OF 
VARIOUS BUILDING MA TERIALS 

Material U 

~ ~ 

R 

~ .. 

Pre-insuLated panels 0.048 - 0.062 21 ." 16 

Four inch face brick plus 4-inch COITlmon brick 0.48 2 

Four inch face brick pLus 8--inch concrete block 0.33 3 
(cinder) 

Twelve inch concrete block (grave 1 aggregate) 0.47 2 

Six inch poured concrete 0.31 ') 

J 

Two vertical glass sheets with 1/2 -inch air space 0,55 2 

ASHRAE 90-75 standard (walls) 0,20 - 0,38 5 - 3 
,.' 

ASHRAE 90-75 standard (roofs) 0.06 - 0, 10 1 7 - 10 

In addition, DOD has several active prograITls for deveLopITlent of new 

ITlaterials and construction methods for ITlilitary buildings, They indude 

projects to iITlprove roof materials and cone s(11). insulation techniques 

for ceilings. walls, and joints around door and. window fraITles in houses(l 

various structllral envelopes such as space fraITles. tensile structures, air 

inflatables, and geodesic dOITles for enclosing building grollps in cold regions (13), 

and general design and constrllction techniques for buildings(l4, 15) One of 
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these program~s i s the etr spray,~on cellulosic wood 

insulation with an R-value of 30 in exi ses for c ison with 

similar unretr hou es, Cellulose, r, has unfavorable 

mal prope of being most flarnmable of the curre avai labl.e 

, I t' ~ t '1 (9) lnsu ~a 10n rna er1<'.18 , A cellu.lo8e can be tr with fi retar 

chemicals such as boric acid s 8(9) 9 Southern California Gas Company 

recommends only fiberglass and mineral wool as c 

retr in ceilings of houses(16), 

2, UNUSUAL THERMAL PROPER TIES OF ST ANDARD MATERIALS 

In recent years 9 tests have been performed to evalu.ate abi to 

with thermal cycling of materials u.sed for piping of water in bui ng 

plurnbing systems and solar absorbers, The National Bureau of ds 

tested the long -term effects of cyclic hot water flow (thermal cycling) on 

polyvinyl chloride (PVC) stock assemblies and chl.orinated PVC 

(CPVC) pressure piping assemblies, and it tested the long-term effects of 

water hammer (shock pressure) on CPVC assemblies(17), 1i'or CPVC, 

the tests indic a use Ufe of at least 50 years at highe st te st 
o 

ture of 180 F (8 ) with pressures of 150 psia (1034 kPa), With intermittent 

hot water flow, the performance of all test assemblies was satisfac at 

the completion of the tests (approximately 1500 cycles on CPVC pressure 

750 cycles on the PVC drainage ), Polyset:, Inc" of M:anchester, 

Mas sachusetts, te the ability to withstand thermal cyc ling of carbon« 

reinforced crosslinked poly lene for solar water heater absorbers (18), 

Five tube specimens containing water at pressures as 

100 freeze-thaw cycles, 

as 80 'psi survived 

rmai properties are not avail.ab in 

useful form even for conventional, cornmercially avai building m.ater is; 
'h I t' ., f k (19) .. c ermaL les are e 1" mIsslng or 0 un nown accuracy ,In r og~ 

nition of s situation, non~DOE government agencies such as 20) and 

14. 19) have initiated several pl" ects to collect, 

these In uiar, Civil ineer ued 

a contract (Contract No, N68305 -79-C -0008) to of' Cambr 

Mas etts, to c I.e, compa.re, eva exi rrnal on 

enve insulation mater ia1s to recommend future measurenH:')nts (19) 0 



B, OPTICAL PROPERTIES 

Since building materials as well as barren terrain and vegetation 

provide the background for many objects of interest to optical sensors, spec·· 

tral measurements have bee n made on a variety of materials, The intere st 

for this review, however, has been in the availability of optical properties 

for various materials rather than in the variations for a given materiaL 

The Michigan repo rts (21) contain reflectance measurements of many 

materials, both building materials and vegetation, The measurements are of 

hemispherical reflectance and were taken in the Laboratory in the 0, 2 to 

15 fl.m region, However, no single material was measured over the whole 

spectral range, 

It has been found(22) that the emissions from building materials all 

approximate a greybody in the near IR, Measurements made at night show 

a greybody type spectrum frorn 0,3 to 3, ° fl.m, while measurements taken in 

daylight show a modified solar spectrum reflected in the visible portion of 

the spectrurn and a greybody spectrum in the near IR, Concrete 1S an 

example with this characteristic and is illustrated in Figure 10, 

RANGE: 400 FT 

WAVELENGTH, MICRONS 

Figure 10. Spectral radiance of concrete wall during day and night. 
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No infonnation on variations in tion or emissions for building 

materials has been found, It appears that to obtain this information a meas ~ 

urement program is necessary, To evaluate a building mate rial from an 

energy standpoint and to study the quantitative effects of the environment on 

the optical properties of mater field and measurements 

are necessary, By us both sets of rneas urements it can be ined 

what effects surface changes (either due to s of the surface 

or due to surface structure) have on emission of the materiaL 
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Section 9. MEASUREMENT/DIAGNOSTIC TECHNIQUES 

INTRODUCTION 

For windows and lighting and passive solar projects, measurement 

and diagnostic tools are quite valuable, For several applications the recently 

developed photoacoustic technique rna y prove us efuL Infrared (IR) technology 

presents itself as a versatile non-contact and sometimes long-range tempera

ture indicating tool. IR can thus help locate heat losses and assist in thermal 

analysis and design of buildings. The pressure, temperature and flow meas

urement techniques provide the valuable fundan1ental data to understand the 

materials and energy transfer processes, These topics are reviewed below. 

A, PHOTOACOUSTIC TECHNIQUE 

Photoacoustic (or optoacoustic) techniques consist of detecting light by 

converting the light energy into sound and then into an electrical signaL In the 

early 1970' s, the use of lasers as excitation sources enabled attainment of 

higher sensitivities than could be obtained by other techniques(l! As a result, 

photoacoustie techniques were investigated for applications such as the detec

tion of trace arnounts of gas contaminants in concentrations s malle r than 

0,1 ppm(l, 2) and the measurement of absorption coefficients(1-9, 14) in 
-7 -1 

gases sm.aller than 10 em Photoacoustic spectroscopy (PAS) also has 

proven to be useful for measuring the absorption spectra of solids and liquids, 

especially in the case of highly reflective, light-scattering, or absorptive 

materials that are difficult to investigate wi th other measurement tech-

. (1, 10) S f h PAS h' h' nIques . orne b t e researc ers In t IS country are listed in 

T bl XI S l · . 1 (1, 10-12) S . -a . e , evera reVIeW artlc es on PA have been pubhshed in the 

open literature in the late 1970's. References 1 and 10 are two of the most 

valuable pUblications on this topic, Photoacoustic spectrometers have been 
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XI. SOME SPECTROSCOPY (PAS) RESEAR RS IN THIS COUNTRY 

Person Location NUITlber InvolveITlent in PAS 

l1li Nabil AITler Lawrence Berkeley (415) 486-5601 Uses PAS in laser r 
Laboratory I Berkeley, ITleter 
California 

l1li Jon Noonan EG&:G PARC Princeton, (6 ) 452-2111 Manufactures cOITlITlercial 
New Jersey toacoustic spectroITleter 

l1li Dr. A. Air Force Weapons (505) 264-0721 Applie s PAS to ITleasure-
Depatie Laboratory Hand (Office) ITlent of absorption coeffi-

Air Force Base, 2 0419 dents of gaseous species 
New Mexico (Laboratory) at IR laser wavelengths 

• Dr. Howard Air Foce Office of (202 ) 4908 PAS systeITl for 
Schlassberg Scientific Research evaluation of candidate 

Washington, D. C. window ITlaterials for 
rITle at Air Force energy lasers while at 

CaITlbridge Res earch AFCRL 
Labo Bedfo 
Massachusetts) 

--~--~-~------



commercially available for several years. The principal suppliers are Gilford 

Instrument Laboratories of Oberlin, Ohio, and EG&:G PARC of Princeton, New 
(7,10) 

Jersey . 

In this review, the usefulness of PAS as a method of measuring the 

radiation distribution in a room and a few othe r applications of pos sible rele~, 

vance to the windows and lighting and passive solar programs are discus sed. 

1. MEASUREMENT OF RADIATION DISTRIBUTION IN A ROOM 

Although PAS may appear to be a novel method for measurement of the 

radiation distribution in a room, it may not be sensitive enough to measure 

stray visible or IR light in a room, Milliwatts of power (e. g., from a laser 

source) is needed. In addition to sensitivity. other potential problems include 

calibration; L e., can one obtain an absolute, rather than a relative, measure

ment? Some development work might be required to resolve these issues. It 

is not obvious, however, that PAS promises to be sufficiently advantageous for 

thi s application. 

2. EV ALU ATION OF WINDOW AND COA TING MATERIALS 

Since PAS can be used on virtually any solid or semisolid material{l, 10), 

it is well suited for evaluation of window and coating materials, A product has 

been developed at the Air Force Cambridge Research Laboratory for measuring 

bulk and surface properties of materials in the UV through millimeter wave

length range by means of PAS; the system has been used extensively for 

evaluation of candidat~ window materials for high-energy lasers(l3), 

For highl y transparent materials, conventional transmis sion spectro

scopy can be less expensive than PAS. PAS has an advantage for highly 

reflective, light-scattering, or absorptive materials that are difficult to 

evaluate by other measurement techniques. 

3. MEASUREMENT OF OPTICAL PROPERTIES OF MATERIALS SUCH AS 
PAINTS AND PLANT MATTER (E.G" INTACT LEAVES) 

PAS is well suited for these applications. In fact, EG&:G PARC and 

Gilford mention s them in their commerc ial brochures. For specific results, 

see the review article s 1 and 10. 
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4. INVESTIGATION OF INTERMOLECULAR INTERACTIONS IN 
LIQUID CRYSTALS 

PAS is applicable to the measurement optic data on the solid, 

smectic, and nematic states of liquid crystals, which are highly light

scattering. Rosencwaig has investigated(10) liquid crystals by means of 

PAS, However, there are doubts that reflectivity methods might be more 

sensitive and better suited to theoretical interpretation. 

B. INFRARED TECHNOLOGY 

Measurement and diagnostic techniques using infrared (IR) technology 

are based on the fundamental physical that all objects with temperatures 

higher than absolute zero radiate thermal energy. The intensity and wave

length of this radiation are functions of the temperature and emissive proper

ties of the radiating object. For objects in the temperature range of, say 

OOF to 1500 F, the maximum amount of energy is emitted at around 10 micro

meters. that is the middle-IR region of the spectrum. The attractive feature 

in using IR for temperature measurement is that the intensity of radiation 

from an object can be sensed and converte'd into a corresponding temperature 

value, without coming in contact with the object. Long range measurements 

with IR are particularly suited to aerial scanning, Using an IR measuring 

device from an airplane, major heat leaks from buildings can be determined. 

in that warm surfaces lose more heat than cool surfaces, both by convection 

(the major portion of the loss) and by radiation (insignificant as far as heat 

loss but allowing one to measure the temperature with the IR device)(15. 16), 

It is possible to sense underground heat leaks from the air also, e, g., broken 

steam lines(17), Attempts have been made to determine the ground-moisture 

content by the variation in apparent rature as measured from the ab.,,(8), 

Medium- measurements made from the ground with hand-held IR 

"thermometers" can determine the location of heat leaks in more detail than 

is possible with aerial scanning. From such measurements, wall insulation 

values, losses through windows, c s, etc., can be determined(9 ). 

Short range measurements are those m.ade either from immediately out

side a given building or from inside the building, Successful tests have 

been made from inside a building to determine where and how severe heat 
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leaks were occurring, eo g., by infiltration around windows and convection 

from windows(20). Also measurements of wall temperature and insulation 

values can be made from indoors, 

Related to the heat-loss problem is the heat storage capability of 

various natural structures (hills, trees, rocks) as well as manmade struc

tures, IR measurement of temperature after sundown will indicate objects 

that have stored excessive amounts of solar energy during the day which, 

in warm climates, could result in unnecessary cooling loads, In cool climates, 

it might show possibilities of reducing heating loads at night(21). 

Non-temperature nleasurements for which IR might be useful depend 

on the transmission and absorption characteristics of particles in the air, 

For instance, humidity might be determined by measuring the percent of IR 

transmission at 1. 08[J.m, and CO
2 

content of the air by transmission at 

4. 25[J.m, 

For this review only two specific areas of interest were covered. 

They are IR technology Spin-offs towards commercial products from military 

IR work and techniques for determining target emissivity 'lin the field", 

1. COMMERCIAL SPIN-OFFS FROM MILITARY TECHNOLOGY 

A large number of Hughes departments which deal with military, space 

and commercial IR technology were contacted and requested to describe any 

recent or upcoming advances in IR technology which might be applicable to 

the Windows and Lighting project(22-28). The general consensus is that there 

have been no dramatic breakthroughs in the technology or even in applications 

of IR to new problems. The advances which have been made are more along 

the lines of improved detector sensitivity or detector array layout(24, 26, 27), 

Manufacturing techniques may have. seen some improvement in the last few 

years, which may have been reflected in slightly lower costs for IR 

systems(23,27). However. for instance, the monolithic-focal-plane arrays 

which are being developed at Hughes now cost in the millions of dollars for 

each system; cost reduction will have to be mo re than slight before this 

technology will be "mature'l enough to lead to any commercial products(27), 
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By and large, any Hughes IR technology which I' makes its way to 

the commercial market will do so through the P p ram at Hughes I 

Carl sbad facility. Probeye ®has been on the market for seve ral yea 1'15 now and 

has found a wide variety of applications from heat-loss identification in build-

ings to electrical insulation in~ection routine machinery maintenance 

inspections. Current Probeye~equipment displays qualitative analog infor

mation which is quite sufficient for most such efforts; anticipated extensions 

of current capability include thermal image proces sing for video displays, 

co lor coding and isotherm mapping(23). Most of these techniques. howeve 1', 

are also being pursued by a number of other companies, 

2, TARGET EMISSIVITY 

The emissivity problem seems to be one whose solution is considered 

unnecessary for many current IR applications (17). Few people have been 

found who either know or care about target emis sivity for the kind of qualita

tive information in general demand. It is enough to know that emissivity 

differences exist between different substances; that is, in fact, what makes 

thermal imaging as universally possible as it is. For certain electronics 

scanning projects, the unknown em is sivity pro blem has received more 

attention(29 -31); but, apparently, satisfactory solutions are elusive, and if 

they have been found they are not freely available. The first practical 

solution is likely to find a large market for application and sales. 

Another area where attention has been given to emis sivity is in aerial 

IR photography, notable for geophysicaJ surveys (mining, petroleum and 

h 1 , d t' (32 - 3 4 ) f th h h t geot erma ln us rles ; even so, some 0 ese approac es ave yet 0 

be developed into working systems, 

AU. S. patent discloses a technique whereby IR scanning is simul

taneously performed at two separate wavelength bands(34). It was originally 

thought that this would shed new light on the problem of emis sivity measure

ment' but it turns out that the inventor had another purpose in mind. With 

prior knowledge of a material at two different wavelengths, that material can 

be positively identified from aerial IR photos taken at those wavelengths. 

Since this technique requires knowledge of emissivity, rather than assisting 

in determining an unknown emis sivUy, it does not address the sue of 

primary inte res t to this survey, 
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Another U. S. patent discloses a technique by which optical reflectance 

data can be extracted from aerial photographs(32). This patent seems to b(~ 
concerned with the visible portion of the spectrum only, but because emissiv

ity and reflectivity are complementary quantities (in the IR spectrum) it may 

be possible to utilize the same basic concept in detennining ernissitivity. The 

two fundamental prerequisites seem to be (i) that the target be illuminated by 

a source of (in this case, IR) radiation, and (iii that a portion of the target 1n 

question should be in shadow (relative to the source of radiation). The 

utility of this technique in daytime aerial (visible light) photography should 

be obvious; the interesting question is its possible applicability to aerial (or 

ground basedl IR thermog raphy. 

C. OTHER TECHNIQUES 

The techniques and devices for accurate measurement of pressure, 

humidity and temperature are fairly well established. They are discussed 

only briefly. In contrast, the techniques for flow measurelnents have been 

more recently developed. Hence the focus during this review was on flow 

measurements. Of particular interest were methods which utilize new. 

techniques (e, g., ultrasonics). and techniques which can be used to measure 

very Low speeds or low flow rates (i. e., roon1 ai r currents or fluid flow in 

a thernlOsiphoning solar energy systeml. Non-intrusive n1easurernent tech

niques, which do not disturb the flow and ideally \vould not have to disturb 

existing pipes, .were also sought. 

1. PRESSURE, HUMIDITY AND TEMPERATURE MEASUREMENTS 

Pres sure measurements fall into two categories: absolute pres su re 

measurement pressure-drop measurement. For the windows-and-

lighting project. pressure-drop measurements are probably the only ones 

of great interest. At the low range ~p m.easuren1ents, inclined manonl

eters (accurate to perhaps ±O. Olin. H20 to as low as 0.1 in. H
2

0 total 

.6p) and Hook manOlneters {which measure ±O. 0003 in. H
2

0 down to as low as 

0.003 in. H
2

0 total ~p. ).are used. For time-varying pressure measurements 

which must be tracked, capacitance n1anorneters nlay provide a Ineans of 
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ITleasureITlent. They ITleasure absolute pressure but can be hooked up to 

get .6pl s; their advantage is very short response tiITle, 

Humidity can be ITleasured in various ways, but one of the most fool

proof ITlethods is to ITleasure the dew point temperature, From the dew point 

teITlperature, relative hUITlidity can be determined easily and accurately. 

Temperature measurements can be made most accurately with 

resistance-temperature-devices (RTD ' s). These are good perhaps to :1:0,1 °C" 

For temperature measurements of more quickly varying nature, thermocouples 

are superior because they can be made very small (to have small time constant), 

though they are inherently less accurate than R TD's (:1:0. SOC), IR measure

ments cannot be nearly this accurate because of inherent problems with the 

technique. 

2, AIR FLOW SPEED MEASUREMENT - ANEMOMETRY 

The obvious difficulty in measuring air movements within a room is in 

the small velocity involved, probably on the order of a few centimeters per 

second(36), The standard techniques(35) which depend on measuring pressure 

drop are not useful. Since at such low velocities, pressure drops are virtually 

zero, and they are usually only applicable for confined flows (clearly a rela

tive term; it means that, based on the scale of the fluid motion, most of the 

fluid is very far from any boundaries). 

There are also a large number of varieties of anemometers which are 

able to measure wind velocity in an unconfined environment(37), Older 

methods are represented by propellers on vanes, two-axis propellers, etc, 

Newer, higher technology anemometers are sonic, vortex shedding, laser 

doppler and laser scintillation anemometers, etc, The problem with most of 

the se, however, is that they are typically not accurate to within better than 

±l meter I second. Further. some (the laser systems in particular) require 

very large working spaces (several hundred meters), These limitations are 

h ' t b ' 'd d(36,38) severe w en room all' measuremen s are elng conSl ere , 

The anemometers which Can measure flows in the seve centimeter I 
second range are of the "hot_ II variety, 1. e" they depend on heat tran r 

from a hot object to the moving air; the faster the air flow, the more heat is 

removed, These have long been in use for wind tunnel measurements, but 
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up until a few years ago their accuracy was not much better than the meter/ 

sec range quoted for the other types of anemometers mentioned(37). 

Flow direction can also be critical with some anemometers; generally 

the anemometer only gives accurate velocity measurement when oriented in a 

specific direction relative to the airflow. Consequently, anemometers for 

outdoor use often have vanes or some other means by which the speed sensor 

is automatically oriented properly in the airflow. For indoor use, where 

velocities are very small and any obstruction (however slight) can change 

the flow direction, this creates problems, and the speed sensing anemometer 

essentially must be direction independent; flow direction can be determined 

by some other means, sueh as by fine filaments of hair or soap bubbles. 

In 1974, at the Royal Institute of Technology in Stockholm, Sweden, a 

heated the stor anemometer was developed which had roughly ±l 0 percent 

accuracy down to 10 em/ s speeds. Careful choice of geonletry eliminated 

any significant directional dependence and free convection error was minimal 

(free convection from a heated thermistor can cause severe errors in a slow 

vertical air£low)(38). In 1975, the Electricity Council Research Center 

(Great Britain) sponsored the development of a heated thermistor anemometer, 

This meter was able to measure speeds down to 2 cm/ s and up to 1 m/ s with 

small directional and temperature dependence, 

In 1976, the Air Force Geophy al Laboratory sponsored wo to 

determine the capabilities of and calibrate a co rona-discharge anemometer, 

This works in a slightly different way than the hotwire type discussed above, 

The anemometer ionizes the ambient flowing through it and then senses 

the ion deflection caused by the air motion. Test data indicates that this 

anemometer might be able to measure speeds as low as 10 cm/ s with 

±10 percent accuracy, 

The major drawback of this anemometer is that it senses velocity in 

one plane only - the out-of-plane velocity component is not measured; but 

it can introduce slight errors to the in-plane components when the flow direc

tion is more than 30° out of plane. One major advantage of this device is its 

very fast response(39), 
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3. FLUID FLOW RATE MEASUREMENT 

The major interest in fluid flow measurement for the Windows-and

Lighting project is in low flow rate, specifically the kind that would be found 

in typical thermosiphon solar energy systems. Typical thermosiphon flow 

rates are on the order of 1 gal/hr for each square foot of solar co ctor area. 

Thus, if water were the collector fluid and a 10 sq. ft. collector were used, 

mass flows of greater than lIb/min would be reasonable(40). 

A major consideration for application to existing buildings is that the 

flow measurement not interfere with the flow. Thus non-intrusive techniques 

are desirable; for testing purposes of already existing systems, the techniques 

would ideally not have to disturb existing plumbing. 

i) MASS-FLOW METERS 

There are a number of mass-flow meters currently on the market. 

Mas s -flow meters are advantageous ave I' volume -flow meters or flow velocity 

meters because fluid properties are irrelevant and pipe dimensions need not 

be known. Micro-Motion sells mass-flow meters which measure 

accurately down into the tenths or even hundredths of pounds/minute flow 

range(41). 

Since the Micro-Motion sensors are simple U -shaped tubes, the flow 

is relatively unobstructed, and if the sensor is mounted such that the U lies in 

a vertical plane with one port vertically above the other, the thermosiphoning 

effect will be undisturbed or even encouraged(42.). Disadvantages are that 

this would require an intrusion into pre-existing plumbing. These sensors 

are quite expensive. Flo-tron, Inc., aha sells a mass-flow rneter which is 

a fluid-mechanical analog of a Wheats tone bridge. Flow rates much lower 

than a hundredth of a pound per minute can be measured with these s, 

but they also must be serted into the fluid flow path(43). Res 

Inc., has developed a non-obstructive (though it also must be in series with 

the flow-path) heated thermistor flow meter sensitive down to the 0.5 ml/ 

min range (0.001 Ib/min if water)(44). 
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ii) ULTRASONIC FLOWMETERS 

There are a number of ultrasonic flowmeters currently commercially 

available(45). The three types are dependent on the vortex frequency counts, 

the transit-time difference and Doppler shift, 

V f 
. (46). 

ortex requency countlng meters reqUlre a flow obstruction which 

is specifically designed to shed vortices into the flow. An ultrasonic wave is 

amplitude modulated by the vortices, hence it is possible to sense the vortex 

shedding frequency. This frequency is related to the flow velocity. Since 

this technique disturbs the flow, it may not be desirable. 

Transit-time differencing ultrasonic flowmeters are based on the 

"rowboat in a stream" principle, 1. e., a sound wave propagates mOre slowly 

against the flow than with the flow(47), Controlotron, Inc., of Hauppaug, N,Y" 

manufactures a family of clamp-on ultrasonic flowmeters(48), These can be 

accurate to ± 1 to 4% 

accurate enough for 

fitted onto pipes as small as 1/2" in diameter and are 

for flows faster than 1 fps, As such, they may not be 

. thermosiphoning velocities (more like lcm/sec)(49). important consider

ation is that the fluid must be homogeneous (not aerated or containing parlicu-

late matter). 

Doppler shift measuring flowmeters are based on the fact that a sound 

wave bouncing off a moving target will return with a s lightly shifted frequency 

relative to the emitted beam. This technique of velocity measurement is very 

popular in t'he medical arena for non-intrusive blood flow measurements(50-53). 

Flow velocities as low as 1 em/ sec are typically measured in the bloodstream, 

Since the ultrasound beam scattering and reflee I ion come from the moving 

fluid, it would seem that pipe size should be relevant. It also appears that 

this tec hnique might be applicable to inhomogeneous flows, i. e., with bubbles 

or small particulate rnatter. Commercial Doppler flowmeters are on the 

market, but perhaps not specifically for the low flow rates found in blood 

vessels or thermosiphoning systems, 

Neverthe s s, the technology is available to measure low flow rates 

if it is desired, There is no reason to think that a Doppler ultrasonic flow

meter could not be made in the clamp-on style of the transit-time variety, 
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LITERATURE REVIEW FORM 

TI Transient Heat and Mass Transfer in Soils 

DATE: February 1978 

SOURCE: A91E Paper 78-HT -31 

AUTHORS: J. y, Baladi. et a1. 

ABSTRACT: 
Transient heat and mass transfer in soil surrounding a buried heat source are 
considered. One-dimensional (spherical) models are developed to predict the 
coupled heat and moisture migration phenomena. Numerical solutions of the exact 
formulation are given. In addition, two types of closed-form solutions are 
derived employing approximate models. Experimental measurements are presented 
for two disparate soil types--a well-graded loam (slow hydraulic response) and 
sand (more rapid hydraulic response). Predicted and measured temperature 
variations at the heat source surface are compared. In all cases, the numerical 
sol ution of the exact formulation agrees with the experimental data reasonably 
well. The closed-form solutions deviate somewhat from the measurements, but 
are shown to useful for obtaining approximate predictions in a simple manner. 

REVIEW: 
This paper contains a long list relevant references on heat transfer in soils. 
The effects of water table~ gravity (i.e., natural ion in the soi1), and 
surface weather conditions are neglected. Thermodynamic coupling between heat 
flow and water flow is uded, 

looks useful in that the author presents a simplified math model that seems to 
predict temperature distributions in soils rather well. 
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LITERATURE I 

TI A study the Superposition Heat Fields and the l'y 
Formula as Applied to Underground Cable Systems 

1958 

Trans. AlEE, Vol. V9 1 (1958) 

Conrad A. Bauer, et, al. 

None given 

I This paper discusses applicability one the many mathematical 
expressions used to culate the steady-state temperature of a 
bur; ectric power cable. The authors review some of their test 
data conclude that the Kennelly Formula predicts the direction 
of heat flows correctly for the winter months; for summer months, 
the direction of the heat flow is into the earth, not towards the 
surface as predicted by the Kennal1y Formula. s paper deserves 
a very close review. 
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LI lEW FORM 

TI Soil Temperature Under a Paved Runway 

DATE: 1972 

SOURCE: AD No. 904053 

AUTHORS: H. To Beare 

ABSTRACT: Specially designed temperature probes using copper-constantan 

REVIEW: 

wire were installed in 3 vertical holes on and near a paved runway 
at Defence Research Establishment Suffield (DRES) in south-eastern 
Alberta. Earth temperatures were monitored during the winter of 
1970-71. The data obtained showed that, for that particular winter. 
the maximum depth of below-freezing temperatures was 64 inches. 
This occurred under the edge of the runway on the 9th of March 1971. 
In addition, they showed that surface temperatures were well below 
freezing for several weeks before the 1 temperatures dropped 

ow freezing at a depth of one foot; the freezing front under 
the runway advanced downward at a slower rate than it did at the 
edge of the runway and the thawing fronts advanced from above and 
below to meet a depth of approximately 3 feet below both the 
runway and the prairie. 

This reference is concerned mainly with freezing and thawing 
phenomena in soils, which are not a high-priority interest in this 
program. However, the data indicates that edge effects around 
the runway, and therefore the ground cover, do exert an influence 
on the transfer of heat in soils. 
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LI 

TITLE: Heat Trans in Soils wi Freezing and Melting Moisture 

1976 

SOU ASME -WA/HT-22 

J. P. Collinan. et ala 

Fin; fference techn; are employed to determine transient temperature 
fields in typi soils under conditions such that soil mois re undergoes 
freezing and melting. The techniques are applied to the specific case of the 
soil beneath an ice hockey rink located in north central USA. One- and two-
dimensional numerical utions of the finite di renee equations are compared 
with good experimental . The anaytical results agreed in general with 
the experimental results, However, the model predicted a more rapid penetration 
of the freezing isotherm into the ground than was indicated by the experimental 
data. It was found the temperature profiles along the rink centerline 
predicted by one-dimensional model agreed well with those predi by 
the two-dimensional model. Two different boundary conditions were examined 
along the system lower boundary. Both produced similar results. 

analytical may be used design buildings in cold regions in the 
world. The freezing isotherms generated by the computer program can be used 
to estimate the heat losses the ground. Temperature profiles predicted 

an mensional model agree well with those predicted by a two dimensional 
• The 1-D model requires an order of magnitude less computer time. 



LBL LI FORM 

TITLE: Heat-Flux-Temperature Relationships for Closely Spaced Underground 
Power Transmission Conductors 

DATE: 1971 

SOURCE: IEEE Transactions, PAS-90, 1256 (1971) 

AUTHORS: J, E. Cronin, et, a1, 

ABSTRACT: The paper examines the rel onship between heat flux and sheath 
temperature for closely spaced underground power transmission 
systems using both a numerical and an experimental analog approach, 
The closely spaced condition tends to occur with the recently 
developed high voltage gas insulated conductors and it is shown 
that the traditi method of calculation yields sheath temper-
atures which can be too high by up to 25%. 

REVIEW: This paper uses the method of images determine the temperature 
distribution around a bur; 3-phase transmission line. These 
results are then compared with results from an electrical analog 
experiment where 3 copper cylinders are immersed in an electro
lyte (i,e .• the authors tried to simulate the thermal problem 
with an electrical analog), The authors conclude that the 
Kennelly equation is reasonably accurate for the prediction of 
cable temperatures when the burial depth and cable spacing exceed 
two e diameters, 
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II I FORM 

TI The Simulation of Thermal Behavior of Permafrost Soil 

DATE: 1976 

SOURCE: ASME 76-WA/HT -57 

AUTHORS: Co F, Holt. et a L 

ABSTRACT: 
An engineering approach toward predictions of the thermal behavior of perma
frost soils is described. The method employs the local weather and ground 
surface conditions in producing a transient heat flux boundary condi on 
driving a finite difference soil conduction model. Ambient temperature, 
solar radiation, wind, and snow are the climatic ables, The nature of 
the cover, evaportranspiration, albedo. and emissivity are part of the 
surface characterization, Using available weather data (3D-year means), 
climatic zones were established encompassing a proposed Canadian Arctic 
pipeline route, Soil data was obtained from borehole samples. At several 
sites within each zone, predictions of 1 temperature were compared to 
measured values obtained over a three-year period, The success of these 
comparisons indicates that. in general, regional weather and limited soil 
data are sufficient for reasonably good predictions of the soil therr~l 
behavior. The importance of soil moisture in obtaining accurate predi ions 
is illustrated. 

REVIEW: 
The analyti method to predi the ground thermal behavior may be extended 
to include a bUll ng with various window i to predict the interaction 
between the ground and the building. The analytical model would be useful 
in analyzing thermal characteristics of the soil and building even in very 
cold regions, 
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LI REVI FORM 

TITLE: Backfill Materials for Underground Power Cables, Phase I 

DATE: June. 1977 

SOURCE: Electric Power Research Institute (EPRI) Report 1/ EPRI EL-506 

AUTHORS: James KoMi tche 11, et, a 1 , 

ABSTRACT: See attached 

REVIEW: This report covers some on-going research at UC-Berke1ey. 
Different methods for measurement of soil thermal resistivity 
are discussed. The authors prefer the thermal needle method of 
measurement present a design that they feel is adequate for 
experiments they are doing. The authors discuss various factors 
which influence the thermal resis vity of soils and present test 
data for several backfill materials used for buried cables. 
Addi yes increase thermal vity as well as the influence 
of soil preparation are so discussed. 
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analysis of trench and backfill systems. Thermal and moisture 
diffusion properties of three sands character; c of those to 
be encountered in actual buried cable systems have been measured" 
Analyses of moisture flows be expected for different cable 
operating temperatures are planned. 

The next phase of this investigation will include field tests to 
evaluate both the performance of the most promising backfill 
treatments and the accuracy of the oped heat and moisture 
flow predictive methods. 
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LBL LITERATURE REVI 

TI Development of a Compressed-Gas-Insulated Transmission Line 

DATE: 1971 

SOURCE: IEEE Paper 71 TP 193-PWR (1971) 

AUTHORS: B. o. Pederson, et. a 1 . 

ABSTRACT: Development of Compressed-Gas-Insulated transmission lines for 
voltages of 138 to 500 kV is described. Design, manufacture 
and install on are presented. Dielectric and mechanical 
tests data are given. A kV single-phase outdoor test line 
of 230 ft. length has been installed and voltage and current 
tests have been initiated. Thermal for currents up to 
3000A are reported. 

REVIEW: This paper contains some measured sheath temperatures on buried 
power transmission calbes, and these measurements may be of 
interest when compared with analytical predictions made by other 
authors. 
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LBL LITERATURE 

TITLE: Mathematical Solon to the Problem of the Control of the 
Thermal Environment Buried es 

1960 

SOURCE: Trans, , Vo1. 76 ~ 175 (1960) 

AUTHORS: J. V. Schmi 11 

ABSTRACT: None given 

REVIEW: This paper deals wi the mathematical solution of non-uniform 
thermal conductivi in e trenches filled with specially 
prepared backfill materials. It does not address the problem. 
of water migration, but it may be of use in those applications 
where water migration is small, The mathematics is typical 
Carslaw and Jaeger and is extremely complex algebraically. 
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LBL LITERATURE REVI 

TI Underground Distribution Tests in the Phoenix Area 

DATE: September 1 

SOURCE: IEEE Trans,~ PAS-86 

AUTHORS: N. R, Schul a 1, 

ABSTRACT: This paper S!Jl1miH'izes the results of an 18-month nnal test 

REVIEW: 

program conducted joi y by the zona Public Service Company 
and the General Electric Company to investigage thermal character
istics of soil and performance of underground equipment in the 
Phoenix area, The results presented include earth ambient temp
eratures at various depths over an annual cycle, earth thennal 
resistivi measurements steady-state and transient methods, 
performance direct bu and vault install on of capacitors, 
performance of a directly buried, , pole -type distribution 
transformer~ and temperature se of simulated cables, 

Contains some interest; results, Soil temperatures measured 
under an asphalt bl surface were consistently higher than 
soil temperatures meas under a bare soil surface, Measurement 
of soil thermal res; ty proved to be di cult; the authors 
were most successful in obtaining good data with moist 1, 

temperatures simulated underground cables did not 
vary significantly with ther depth of burial or type of second 
cover (i,e., bare soil or black-top surface), 
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descri thermal resi vi soils commonly found wi n 
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thermal res; vity can used in the planning new underground 
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DATE: 

SOURCE: 

AUTHORS: 

ABSTRACT: 

REVIEW: 

LBL LI REVI FORM 

Diel c Constants of ils at Microwave Frequencies - II 

1 

NASA Report TP-l 

J, Wang~ 

The di ectric constants of several soil samples were measured at 
frequencies 5 and 19 GHz using the infini transmission line 
methods, The resul of these measurements are presented and dis-
cussed with respect soil types and structures, A 
comparison is made th other measurements at 1.4 GHz, At all 
three frequencies, the dependence of di ectric constant on soil 
moisture can be approximated by two straight lines, At low moisture, 
the slope is less than at high moisture level. The intersection 
of the two lines is believed to be a function 1 texture. 

The main interest in this report is in that it appears to offer 
a way of making measurements of soil moisture content without 
actually having to dry out the so11 sample. 

E-21 



TI 

REVIEW: 

LITERATURE FORM 

Soil Thermal Characteri 
Cables, AlEE Comm; 

, 1960 

in Rel on to Underground Power 

Trans. 9 PAS ,792 (1960) 

R, J. Wiseman, et al. 

None given. 

An y thorough report whi is divided into the five 
following areas concern: (1) soil types, identification, and 
physical properties, (2) soil moisture characteristics, (3) soil 
thermal resistivity, typical fi d valves, and calculating formulas, 
(4) practical application, french design and construction and (5) 
measurement techniques. 
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LI I 

TITLE: Heati ve 

DATE: 1 

SOURCE: Federal Hi Adminis tion Report FHWA-NJ-77-003A 

AUTHORS: F, ~Jinters ~ a L 

ABSTRACT: In order to evaluate a roadway n9 system which utili the 

REVIEW: 

for snow melting, a foot 
tal pavement was constructed in Trenton, New Jersey. 

Heat was extracted from the earth by means of a grid of pipes buried 
3 to 13 ft, below ground and ferred via an ethylene glycol-water 
solution to pi s embedded in a test pavement, of 
comparison, a se ion pavement electrical resis ce 
wires was also included as pa of the install ion, 

Results operation 
taken place on sections 
and 1-1/411 wrought iron 
a depth 2 inches. 

ssi 
surface area per r 
were coupl to 1 linear 
ment. Snow melting 

hour. 

Though is i 
than an el 
when construction 

This publi on 
is little 

the mechanisms 

indi that the snow mel ng has 
portland cement concrete containing 3/4" 

spaced on 6" and embedded 
se ons produced an heat 

mately 100 BTUls r square of 
2 linear pipe buried in earth 

pe embedded in pave-
were usually 1 inch and 1 inch 

and 1 system was the 
from the warm pavement 
use during the . Heat was 

however. due to heat to the 
phere 1. no sign; cant 

by· the snow season. 
the pi burl 3 13 1n the 

1n9 loss during the 11. 

to more economi to operate 
, the 1 cost was higher 

to is ~~~~-~ 1 s. 

in 
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TITLE: is ed on Transformer 

1 

on stribution 

ABSTRACT: pe of a direct-buried dis on transformer 
under cyclic loads is investi from the simplified approach 

equivalent-sphere assumption, in whi , by repl ng the 
cylindri transformer tank wi a sphere of equal surface area, 
the steadY state transient state temperature rise equations 
are derived. equations d be interpreted as representing 
the top oil rise. It is shown that for a direct-buri transformer, 
the exponential power temperature se versus loss is equal to 
one; the t is much larger than that of an overhead 
type~ it is in the order of a days; and the fluctuations in 
top oil rise are usually very small. 

lEW: This is a conduction analysis a buried cylindrical tank, 
author assumes that the tank can replaced by a sphere of equal 
surface area; the of the cylindrical tank are 
buried to the same depth. Moi migration is negl and 
the is determine bution 
in the soil. ient thermal analysis is 19ht out of 

ow and . This paper It present data or have 
isms of heat in soils. 
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TITLE: 

DATE: 

SOU 

AUTH 

ABSTRACT: 

LI I FORM 

Effect of Moisture Migration on the Temperature of a Direct
Buried Cylindrical Heat Source 

December 1976 

ASME Paper 76-WA/HT-50 

P. S. Yeh 

For a direct-buried cylindri heat source, such as a resident; distribution 
transformer, the effect of moisture migration in the surrounding soil on the 
temperature rise of the heat source is investigated analytically. The solution 
for the temperature rise consists of a linear part and a nonlinear part. The 
linear part is a function of geometry only. while the nonlinear part is a 
function of geometry. heat generation. moisture migration factor, and soil 
thermal conductivity, The correction in temperature rise. i,e., the nonlinear 
part. increases as the diameter or the length of the cylinder decreases. and 
it increases as the moisture migration factor or the heat generation increases, 
This correction can be as much as 10 percent of the linear part, Present 
analytical results compare favorably with test results, 

REVIEW: 
Contains to pertinent previous work. especially rimental tests 
on heat transfer in soils, Uses method of images and empirical relations 
for effect of moisture on value of soil thermal conductivity, Effects of 
gravity and water table are included. 

ude bibliography on heat trans in s 1s, 
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LBL LITERATURE REVI 

TI Hydrogen-in-Metals 

DATE: September 1 

SOURCE: Office of Naval Research 

AUTHORS: IN. N. Ca they 

ABSTRACT: The Second International Congress on Hydrogen in Metals was held 
in s, 6-10 June 1977. This report presents a review of a few 
important papers. Most papers were related to applied 
problems. In particular, problems of H-related damage engineering 
alloys were treated extensively. In addition to work on H in pure 
metals such as ,Nb, and other transition metals, some work was 
also reported on H in alloys such as Nb-Ti, Pd-Ag, and ous 
steels. Storage H in intermetallic compounds such as FeTiHx or LaN; was importance. 

lEW: This paper deals with hydrogen in metal as an energy converter on 
an atomic scale, a solid state physics research topic. The information 
has limited use to our study. 
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LBL LI REV I 

TITLE: Summary the -Air Fuel Cell Research Programs 

September S, 1977 

Livermore Lab. 

AUTHORS: John F. r 

ABSTRACT: The objective of this research program is to determine whether a 
l-performance, economical electric vehicle can be developed 

using a mechanically-rechargeable, metal-air fuel cell as a power 
source. 

REVI The metal-air fuel cell could potentially be used for energy storage. 
is important to find an inexpensive metal to make the fuel cell 

economically feasible. 
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LITERATURE REVI FORM 

TI Hydration-Dehydration Cycling 
to Solar Heat Storage Systems 

September 30~ 1976 

SOURCE: N77 -26654 9 AI -ERDA-l 78. 

G. Ervin 

ABSTRACT: 

MgO-Mg(OH)2 for Application 

A method storing heat energy utili ng reversible chemical reactions 
of inorganic des with water is investigated. 

REVIEW: 
Using chemical reaction for heat storage may not be a practical idea. It 
has many problems. 
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LBL LITERATURE REVIEW 

TI Thermal Energy Heat Exchanger 

DATE: Odober 1977 

N78 14633 ~ NASA CR135245 

Angelo Ferarra~ et al. 

This report presents sizing procedures for latent heat thermal energy 
storage systems that can be used for electric utility off-peak energy 
storage~ solar power plants and other preliminary design applications. 
The methods were developed in a one year study of electric utility energy 
storage which is documented in CR 135244 IIThermal Energy Storage Heat 
Exchanger. Ii 

REVIEW: 
Stori excess thermal energy in the latent heat salts during off-peak 
hours ectric util i plants provi de energy to meet peak requi rement 
is an important technology. This should be investigated further. 
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II REV! FORM 

TITLE: Potent i the Energy Separator without Mechanical 
Energy Recovery 

DATE: April 1977 

SOURCE: N78-10601 

AUTHORS: Joseph v, Foa 

ABSTRACT: 
An evaluation is made the performance potential of the !Dbas; energy 
separator heating or cooling system, i.e" of ES system that does not 
include any machine component for the recovery available mechanical 
energy on the Uhot li de. 

REVIEW: 
The paper points out the potential of the energy separator being for 

ar energy storage and for simultaneously heating and cooling separate 
spaces. It is definitely worthwhile to examine the energy separator further, 
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TI 

TERATURE FORM 

ar Total Energy Test 
Temperature Thermocline 

April 1978 

Thomas D, Harrison, et 

lity Project Fast Resul -H1gh
System 

This report ns summaries and analyses of the results of tests con-
ducted on the gh-Temperature rmocline Storage Subsystem between 
August 1 and June 1977 to determine the veness of the insulation 

REVI 

stability the thermocline. The High-Temperature Thermocline 
Subsystem is part the Department of Energy's Solar Total Energy 
lity Sandia Laboratories, Albuquerque. New Mexico, The data, 
and conclusions are complemented with those from the thermocline 

associated wi the DOE/New Mexico Solar Irrigation Project. 

a thermal storage subsystem in a solar total energy 
of the features may be used for thermal storage in 

E-



TI 

LBL LI 

Development of a 
System (Annual Report) 

REV! FORM 

Photo cal Energy Storage 

June 15. 1976 - 14. 1 and March 15. 1977 

SOURCE: ERDA SRO-893-8. • -10 

AUTHORS: R. R, Hautala. et a1. 

ABSTRACT: 
Signi cant progress toward the development a solar energy storage 
system based on the norbornadiene-quadricyclene interconversion has been 
nch; during the past year. New sensitizers and catalysts have been 
discovered and conditions found where single cycles of the photosensitization 
step and the catalytic reversion step appear be quantitative, Both 
sensitizers and catalysts have been successfully incorporated onto insoluble 
polymeric supports, The long term stab;li of these components is currently 
being tested USing a recently constructed prototype device designed for 
multiple recycling experiments. Investigations are also underway on design 
modifications which will allow incorporation of the norbornadiene-quadri-

ene system into currently available state-of-the-art solar coll 

REVIEW: 
This should be pursued our report. The SRO-893-10 report seems 

have useful numerical for conversion rates. etc, The others seem 
to largely discussions of the chemistry. 
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LBL LITERATURE I FORM 

TI Thermal Energy Storage for Building Heating and Cooling 
Appli ons - Quarterly Progress Reprot 

1 

SOURCE: N77-22617, ORNl TM 5700, 

H. W, Hoffman, et 

Work consists of the development of a time-dependent analytical model 
a thermal energy storage (TES) system, the physical chemistry of TES materials. 

REVIEW: 
The analytical model may be coupled to existing overall performance models 
of solar collectors and applications to make realistic appraisal of the 
entire Solar/TES/Application systems. 
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Tl 

LI 

A Design Handbook 
Storage Devi ces 

November 1977 

REV! FORM 

Phase Change Thermal Control and Energy 

SOURCE: N 78-15434, NASA TP-1074 

AUTHORS: w. R. Humphries, et 

ABSTRACT: 

This document gives a comprehensive survey of the thermal aspects of phase 
change material devices. Fundamental mechanisms transfer within 
the phase change device are discussed. Performance in zero-g and one-g 
fields are examined as it relates to such a device. Computer models for 
phase change materi s, with metal fillers. undergoing conductive and con
vective processes are detailed. Using these models. extensive parametric 
data are presented for a hypothetical configuration with a rectangular'phase 
change housing. using straight ns as the filler. and paraffin as the phase 
change mate al. These data are generated over a range of realistic sizes. 
material rties. and thermal boundary conditions. A number of illustrative 
examples are given to demonstrate use of the paramet c data, Also a complete 
listing of phase change material property data are reproduced herein as an 
aid to the reader. 

REVIEVI: 

This survey gives a quite comprehensive discussion of various types 
phase change material for thermal storage purpose. It 1s a good source 
info rma t ion, 
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LI I 

TI Appli ion Pi Solar Energy 

June 1 

AIAA (P 1 Thermophysics Conference) 

Eo J, aL 

A heat pipe for application to den al solar energy 
storage has oped, The basic ibility of the concept has been 
demonst in test; ng at George vJashington University. The 

;gn incorporates mplicity and high effie; of the heat pipe 
together with current thermal techn ques and an external 
pump assist for liqudi return against gravity, As configured the heat pipe 
system the capability of transferri heat from ar lectors to 
an energy storage area and points of utili on within a single heat 
transfer ement, All control functions are inherent in the heat pipe 
construction including automatic shutdown the solar collector zone when 
positive net flow is not achieved. Pumping power requirements are 
minimal and only duri solar input perids. Future designs could 

ilize solar to drive the pump. Final1y~ the pi system can 
be i anyone or combination of household neat transfer mediums 
including or working ds from air conditioners or heat 
pumps. Tn cribes concept, the details of a prototype design 

the results ined with a simulated ground test system. 

Li qui d 
same 

contains a discussion of a heat pipe e of transporting 
a ar 1 to a medium· a lower evation. 

condenser to is provided by a small pump. 

pe. However~ 
accompli d without a pump with an osmotic heat 

is a very interesting paper. 

11m; ue present study. 
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LI I FORM 

TI Latent Heat and Sens; e Storage Solar Heating Systems. 

May 1974 

SOURCE: N7S-17005 

AUTHORS: Ha d G. Lorsch 

ABSTRACT: 
Thermal Energy Storage (TES) suitable for solar ng and air 
conditioning was investigated in devices using ei r sensible or 
latent heat. Parametric designs for two latent heat materials (sodium 
thiosulfate pentahydrate and a paraffin wax) and for a sensible heat material 
(a 1:1 mixture of and ethylene glycol) were compared as to cost, 
performance, and space requirements. The conditions of equal cost latent 
heat and sensible heat storage systems were determined as functions of 
material properties and the temperature swing lowed 1n the sensible heat 
storage tank. The comparative designs include the cost of heat exchanger 
required for latent heat storage and the operating penalty due to temperature 
swings occu for sensible heat storage. 

REVIEW: 
This paper compares the 1 storage and sensible heat 
concepts. The information will be useful in determining what 

use under various buil ng condi ons. 

E-39 



TI 

LI I 

Thennal for I" ng 

1 

on terns, Heat and Mass Transfer Processes, 

mater; a 1 s sui ar ng and 
and teria developed 

um sul i mi res are 
ve undesirable ng properties, causing a reduction in storage 

upon repeated cycling. Materials more suitable present are 
n waxes for solar heating~ and pa n waxes and tetrahydrofuran 
for I" itioning Sensibel heat economic advantage 

requiri heat transfer surfaces between storage lectionand 
storage i very. latent heat storage prov; operat iona 1 ad-

smaller temperature swings, lower required solar collector 
leI" size and lower ght unit of storage capacity. 

on of the energy storage subsystem is dependent on the 
sties of the system. Parametric designs for 

um th pentahydrate and a paraffin 
a1 (1:1 xture of and ethylene 

E 

requirements. The 
systems 

vity, 
. The 

exchanger requi for 
storage temperature 

9 sensible 
des; gn features 

rs a good 



LI 

TI Two Component Thermal Storage Mated a 1 

DATE: Noverrber 1975 

SOURCE: N77-10675, PB 

L M, Mehal ick, 

Effective storage of energy requires a stable s medium which 
has a high heat capacity~ high rates of heat transfer, and a reasonable system 
size and cost. A thermal energy storage medium consisting a slurry of 
sphe cally shaped capsules of encapsul paraffin in a water carrier 
combines the advantages of the heat capacity of a phase change material 
and the high heat transfer rate a slurry to meet these requirements, 
The feasibility of this concept was evaluated by subject; samples of such 
sl es to simulated solar system environmental conditions which included 
thermal cycling, system tempe 1 s. and slurry ow agitation due 
to stirring and pumping. The results of the evaluation program showed that 
paraffin can be encapsul with a wall durable enough to withstand the 
temperature. thermal cycl; and moderate agitation without damage. The 
Slurry storage capa ty was so shown be a factor of two higher than a 
water system on a per unit volume basis. assumi a 200 F temperature change 
and a 40 percent soli slurry. The potenti ex; for even higher storage 
capacities higher soli on levels. These results, in tion 

the lity encapsul on manufacturers to improve capsule 
properties with additional research, show that the ulated paraffin 
slurry is a potential high capacity thermal energy storage medium. This 
report summarizes the resul the evaluation program and discusses the 
potential for application is thermal storage concept. 

lEW: 
Paraffins are compatible with current encapsulation techniques. low in 

and ly available. Paraffins appear to be a good phase change 
materials to use for thermal storage. 
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LI lEW FORM 

TI Temperature Distribution of a Hot Water Storage Tank in a 
Simulated Solar Heating and Cooling System 

November 1976 

N77-12 521 

D. Namkoong 

A 2300=liter hot water storage tank has been studied under conditions 
simulati a solar heating and cooling system. The initial condition 

the , ranging from 370C at the bottom to 940C at the tops represented 
a condition midway through the start-up period of the system. During the 
5-day test period, the water in the tank gradually rose in temperature 
but in a manner that diminished its temperature stratification. Stratification 
was found not be an important factor in the operation of the particular 
solar system studied, 

I 

Rel to thermal storage == use in report. 
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LITERATURE 

TITLE: Thermal Energy Storage Subsystems 

December~ 1 

SOURCE: DOE/NASA CR - 150574 

AUTHORS: F. Ordway 

ABSTRACT: 
Polypropylene and high density polyethylene are suitable materials making 
effective containers for salt hydrate mixtures used for thermal energy 
storage. The containers can provide permanent encapsulation, adequate 
heat transfer and reasonable economy. 

REVIEW: 
report describes the process of designing a container in detail. The 

containerized salt hydrate shows promise as a means of thermal storage 
home use. 
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LBL LI FORM 

TITLE: Metal Hydrides as Hydrogen Their Applications 

July 1 

SOURCE: N78=20589 

J. J. Reilly 

ABSTRACT: One potentially attractive al ve to conventional storage 
methods is storage as a hydride. Such compounds are of 
interest because of their high hydrogen density per unit volume 
whi may be substantially greater than that of liquid hydrogen. 
Our purpose in this chapter is severalfold~ i.e., to acquaint the 
reader wi the more salient and pertinent aspects of metal hydride 
chemistrYg delineate the properties of several indi dual 
metal-hydrogen systems of interest and, finally, to discuss their 
applications~ cularly as energy storage media. 

REVI Survey arti e on the fundamentals of metal-hydride chemistry and 
metal hydrogen systems and on their applications as energy storage 
media. Metal hydrides are a candidate for solar energy storage 
and conversion. Ci references. Appears useful and worthy 
further study duri the technology review. 



LITERATURE FORM 

TI ber Composite Flywheel Program/Quarterly Progress Report 

DATE: July - September 1977 

SOURCE: N78-25 9 LLL UC-946 

AUTHORS: J. A, Ri nde 

ABSTRACT: 

This is a progress report discussing 

o Stress-Rupture life--data acquisition 
o Composite Properties - data acquisition 
o Composites with Flexible Matrices -- behavior prediction 

REVI 

If we want some accurate data this may be usefu1 9 but should probably 
be contacted more of such information if it is red. 
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II FORM 

TI Composite Fiber Flywheel for Energy Storage 

4 June 1976 

SOURCE: N77-19645 

J, A, Rinde, et al, 

The use of the flywheel as an energy storage device has received widespread 
interest in the last two years, Because of their high strength-to-density 
ratio, rel vely inexpensive cation process, and low safety hazards, 
composite materials offer great potential for ent flywheel design. 
Key portable and stationary applications the flywheel are discussed and 
examples of these presently under consideration at are described in 
some detail. Design on key candi composite material system are 
reported and areas that require further extensive study are also discussed, 
In addition, on-going programs, including those LLL, are summar; 

I 

Pursue in more detail for final reports. 
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LBL LITERATURE REVI 

TI Parametric Study of Rock Pile Thermal Storage for Solar Heating 
and Cooling 

DATE: October 1 

SOURCE: N78-1 

AUTHORS: H, Saha 

ABSTRACT: 
The objective of this inves gation is to present the data and an 
analysis the heat transfer characteristics a solar thermal energy 
storage utili ng water l1ed cans as the energy storage medium, 

REVIEW: 
This paper contains a 1 of test of USing water filled cans for 
thermal storage. usefulness of the data should be examined later, 
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TERATURE REVIEW FORM 

TI High Performance Fuel 1s 

DATE: January 1970 

SOURCE: Allis Chalmers, AEPD Division 

AUTHORS: D, w. Vannatta 

ABSTRACT: The objective is to op the technology required for a high per-
formance hydrogen/oxygen fuel cell system for future Air space 
vehicle applications. During this reporting period, work was con
tinued on analysis~ fabricat10n~ and test of two 5-kW fuel cell 
stacks; and on the procurement water removal control valves. 

REVIEW: This is an aerospace technology which may be used as a terrestrial 
energy source. Further invest; on is warranted. 

E 
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LITERATURE REVI FORM 

TI An Inexpensive Economical Solar Heating System for Homes 

DATE: July 1 

SOURCE: N76 27671 

AUTHORS: J, W. Allred, al, 

ABSTRACT: 
This report describes a low-cost solar home heati system to supplement 
the homeowner's present warm-air heating system. report is written 
in three parts: (1) A background on solar heating, (2) langley's 
experience with a demonstration system, and (3) information for th homeowner 
who wishes to construct such a system. Instructions are given to the home-
owner for solar heating installation in which supplies all labor necessary 
to install off-the-shelf components estimated to cost $2000. These components, 
which include solar lector, heat exchanger, water pump, storage tank, 
piping, and controls to make the system completely automatic, are readily 
available local lumber yards, hardware stores, and plumbing supply stores, 
and they are relatively simple to install. Manufacturers and prices of 
each component used and a rough cost analysis based on these prices are 
given for the homeowner's convenience. This report also gives performance 
data obtained from a demonstration system which has built and tested 

the Langley Research Center. 

REVIEW: 

This it-yourself approach 1s interesting. performance data the 
solar houses should be helpful. Further examination is warranted. 
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LBL TERATURE REVI 

TITLE: Transmi on Energy by Open-Loop Chem; Energy Pi pe 1 i ne 

September 1 

SOURCE: N 

N, R. Baker 

ABSTRACT: The primary ve this program is technical 
feasibility and, in a preliminary fashion, the economic viability 

transmitting storing energy by an open oop modification of 
the reversible chemi energy pipeline system known as EVA/ADAM. 
The designed achieve this objective inc1 s-

o The preliminary design of a nuclear (HTGR) and methane-based 
open-loop system (Task 1) 

o Evaluation of energy sources as alternatives to those in the 
preliminary design (e.g' 9 coal gasification and HTGR/LNG) (Task 2) 

o Assessment of the feasibility using existing natural gas pe-
lines and storage systems the synthesis gas (Task 3) 

o Assessment ng methanation technologies and interchange-
lity of the SNG with natural gas (Task 4) 

o Evaluation of the various alternative energy end-uses for heat, 
SNG, and el city (Task 5) 

o opment two conceptual 19ns and evaluation of their 
economics environmental impacts ( 6) 

REVIEW: As the feas; lity -loop version of chemical 
port, which has been s ed earlier as a osed-l 

This concept mi applicable to passive solar systems 
is worthy further study ring technology 

review. 
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II REVIEW FORM 

TI Simulation Analysis of Passive Solar Heated Buildings -
Preliminary ults 

January 1976 

Solar Energy. 19. (1977) 

J. D. Balcomb. et al. 

Solar gains through windows. walls. modi walls. skylights. erestory 
windows. and roof sections provide an opportunity to dramatically reudce 
the total heating energy requirements of a building. Many such passive 
solar heating ements are currently available to a designer presenting 
a 1 number of possible system designs. A computer simulation analysis 
has employed to aid in the selection of components. The results 
indicate that a performance comparable to that of a con anal active 

ar heating system should be achievable in an opt1mi design passive 
solar heating system. The placement and type thermal storage is crucial 
to good performance. Movable insu1ation of the window increases the 
performance. When used in conjunction with a conventional heating system. 
temperature"variations in the building can be reduced those normally 
experienced. 

REVIEW: 
ysis is a very useful tool in determining thermal 

windows~ thermal storage 9 walls and buildings. 
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LBL LITERATURE REVIEW FORM 

TITLE: The Development a Freeze-Tolerant Solar Water Heater Using 
Crosslinked Polyethylene as a Material of truction 

March 15 9 1 

SOURCE: N78 15584 

J. M. Bradl 

Fifteen 10 foot 1s of crosslinked tubing have been subjected to repeated 
freezing and thawing. The composition of the crosslinked polyethylene and 
the stress in the wall the tubing (i .e., "hoop stress ll

) are parameters 
which are being studied to find a crosslinked polyethylene composition 
which will be strong and resilient enough to withstand repeated freezing 
and thawing without necessitating excessively thick walls. 

REVIEW: 

The tubing showed promise as materials for constructing collectors. Un-
fortunately. this paper does not give details of test and thermal 

the materials. 



LI REVIEW FORM 

TITLE: Solar Hot Air Heater 

May 1 

SOURCE: N78 25548. DOE/NASA CR-150697 

AUTHORS: \L A. Brooksbank. Jr 0 

This Design Data Brochure provi information on the design~ installation, 
performance. and application of SEE CO Mod-l Solar Hot Air Heater for 
residential. commercial and indus a1 use. 

The system has been installed at 
Oklahoma. 

REVIEW: 

Look into this in more detail. 

Concho Indian School in El Reno. 
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LITERATURE REVI FORM 

Tl Thermic Controls to Regul ar Heat ux into Buildings 

DATE: August ,1975 

N76 206 PB 246 364 

s. Buckley 

The purpose this project was to develop the c controls regul ing 
solar heat ux into buildings. Thermics is a control discipline which 
uses temeprature to directly control heat flow. Many independent panels, 
repl building walls roof and controlled internally by thermic 

ces, would perform three functions: 1) 1 solar energy or 
dissipate internal 9 2) control the flow heat into and of the 
panel 3) store heat inside the panel. The panel is save heating 
costs in winter by absorbing solar energy and save air-conditioning costs 
in summer by dissipating internal heat at night. A primary objective of 
the panel was to make its installed unit cost approximately that of con-
ventional walls and 0 Early research indicated that a switchable 
thermic ode was the most economic thermic control for use in the panel. 

I 

The thermic control device sounds like a good idea. A lot problems will 
to ved make it practical. However, it should be studied further. 
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LBL REVIEW FORM 

TI Preliminary Design Package Solar Collector and Solar Pump 

DATE: Apri 1 1978 

N78 ~ DOE/NASA CR-150630 

AUTHORS: Calmac Manufacturing Corporation 

ABSTRACT: 
Calmac Manufacturing is developing a solar-operated pump using an existing 
solar col1ector~ for use on solar heating and cooling and hot water systems. 
These systems are for use in single-family, multi-family, or commercial 
buildings. This report contains the information necessary to evaluate the 
preliminary design of Calmac collector and solar-powered pump, and is 
a collation of the following information: preliminary design drawings, 
Verifi on Plans, Hazard Analysis, and othe~ information valuable in 
defining design of the subsystem. 

REVIEW: 
This is an interesting topic but the report contains very little information. 
It is not worth read; further. 
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TI 

LBL LITERATURE REVIEW FORM 

Hi Eff; ency, 9 Life Terrestrial Solar Panel 

Septenter 19 1977 through November 30 t 1 t First Quarterly 
Report 

SOURCE: N78 

To Chao~ al. 

The design a hi efficiency, long life terrestrial module has been 
completed. It uti izes 256 rectangular 9 high efficiency solar 1s to 
achieve high packing density and electrical output. Tooling for the 
fab cation of solar cells is house and evaluation of the 1 performance 

begun. Based on the power output analysis. the goal of a 13 percent 
efficiency module is achievable. 

REVIEW: 

This paper reports on the effort in utilizing the technology developed for 
spacecraft solar panel on terrestrial application. This is what we are 
primarily interested in. 
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LI REVIEW FORM 

TI ATTIC Concentrator Type Solar Energy lector 

DATE: February 4, 1 

SOURCE: N 77 11539 - BNL 50493 

J, C. Cottingham 

ABSTRACT: 
Inexpensive tested features of several solar energy collectors have been 
combined to produce an efficient low cost system. Reflector surfaces sup
ported on metal reinforced corrugated paper redirect and concentrate solar 
radiation upon an inexpensive shallow pond type receiver formed by simple 
wooden frame and a plastic liner. The attic with a greenhouse type south 
facing side forms a wind screen for the concentrator assembly permitting 
the use of these light weight structures, Component cost and performance 
estimates are given, 

lEW: 

This low cost and light weight solar energy collector may be practical 
for home use, It is worthwhile to investigate the quality of this_type 

coll 
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LBL LITERATURE REVI FORM 

TI Thermoelect cally Cooled Detectors - Another on 

19 

SPIE Vol ume 1 ,Util i on of Infrared Detectors 

AUTHORS: H. Cozine, et aL 

Thermoel cally cooled detector packages offer rugged, lightweight, 
relatively inexpensive devices to the designer and user of infrared 

operati at intermediate (1500K - 2500 K) temperatures. This 
paper explores some the more important features of thermoelectrically 
cooled detector packages, their strengths and limitations in comparison 
to other cooling modes, and their reli 11 . A brief survey of some 
of the many applications of these devices ins inc1uded. Additionally 
discussed are some of the factors whi the designer must consider when 
choosing a cooli technique for an IR system. 

lEW: 
Thermoel c cooling plays an important role in cooling IR detector, etc., 
but can only handly very small amounts heat load. It would not be 
practical to use this technique for buil ng or home cooling. 
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LBL LI REVIEW FORM 

TITLE: Domier Project Solar Thermal 10 KW Power Plant 

May 19 

SOU AD B027052L 

J, Dreyer, et al, 

ABSTRACT: 
The Demier Project solar-Arsenal 10KW power plant is presented and 
discussed. It heats a water cycle -1200C which drives a freon secondary 
cycle. The freon cycle runs a turbine which converts the energy to 
e 1 cal. 

lEW: 

Probably ns no useful information other than the system is actually 
tested in Egypt. 
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TI 

REVI 

LITERATURE 

Flow MOl Ai r r Ground II 

1 

J. C. 

The study ng motion of r, cl and smoke plumes 
in and around ns has overs in meteorology 
the study n lee waves the effect heat; on mountain 
and vall . This fting motion is gui by the general wind 
flow, of stability and moisture distribution with 

air motion. Flow n the monsoon regions, which is characterized 
a strong inversion with a wind shi 9 is the primary concern of 
s study. Similar reported here can be expected 

in areas the examples the assumption will be 
aimed consideration of a f mile to three mile deep 
inversion over or near mountainous n in the low latitudes. 

Air motion near is as ng primari parallel 
the n """"".,.n. , This is developed from the practical 

poi of ew with 
Northern Hemis 
the slope: 
there will 
left of 

theory. The ow the r in the 
in from cl di bution on 

the mountain is on the right the flow, 
on mountain; where mountain 1s on the 
mountain will be clear. ground 

ve indi on of the le to be expected. 
profile can ow, The qual; ve 

ows on plumes are 

e atmospheric motions. 
mater; ali s appl i e 

material on the effects 
layer on wind velocity 

9 might useful passive solar ign. 
is worthy of further s during the 
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LI lEW FORM 

TI ar Tran uid 

June 1 

50704 

Chemical Company 

s covers the progress made in the opment and delivery 
noncorrosive uid subsystems, These subsystems are to be compatible 

with closed-loop solar heating or comb; heating and hot water systems, 
They are also to compatible with both metallic and water systems. 
At least 100 lons of each type uid recommended by contractor 
will ivered under the contract. The performance ng of a number 

flu; is desci 

I 
demonstrate that a solar heat transport uid will provide 

on aluminum, copper and steel solar 
r plumbing is bei done. The results should be 
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LBL LITERATURE lEW FORM 

TI Novel Mater; and Devices for Sunlight Concen ng Systems 

1978 

SOURCE: IBM Journal of Research and Development, ,112 (1978) 

H, J. Hovel 

ABSTRACT: 
Photovoltaic conversion under concentrated sunlight is a highly promising 
technique that could make sola ectric power generation economically 
competitive with fossil fuel power generation by the mid-1980s. An 
economic analysis has been performed which demonstrates that solar cell 
efficiency, concentrator efficiency, and concentrator cost are the most 
important parameters in a concentrating photovoltaic system; solar cell 

is only of secondary importance (at 1 for 51 solar 1 s). Six 
novel structures are described. including modified conventional Si cells 
Gal-xAlxAs/GaAs devices. interdigitated cells, vertical and hor; 
multijunction cell sand "mul ti color" dev; ces, 

lEW: 
This paper conta 
photocells, I do 
project. 

information only on solar-photo conversion with 
think it is relevant to our windows and lighting 
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LI I 

TI Solar Heating with Air and 

August 1 

N 

S. 

A performance son between an air ar system and a liquid solar 
system for space ng under nearly equal conditions has been obtained. 
The Colorado State University Solar House I is a liquid solar system which has 

in operation nee August 1974. Solar House II~ which stands adjacent 
to and has a comparable heating load to Soalr House I, is equipped with 
an r solar system. Solar House I has been continuously monitored nce 
August 1974 and ar House II has been monitored since February 1976. 

I 

t solar systems is reported in terms of the collector 
~ the amount ce heating and service water heating load 

the use of electrical energy to operate the 

two types of systems are a1 so compared. 
lation, operation, and maintenance of the 
and are discussed. 

:8-65 

the two types of system. The 
report and should be further 



LBL LI I 

TITLE: ector-Absorber Systems Solar Thermonic Converters (in German) 

1 

869 

AUTHORS: s. Kelm 

ABSTRACT: Some reflector-absorber-systems are described for attaining tem
peratures from 1000 - 13000 C in special absorbers by using solar 
energy. Thermonic converters can operate 1n this temperature 
range suitable for production of electric energy. The absorber 
must designed such that the absorber is accommodated to the 
converter concerning the operating temperature and heat transfer. 
Some applications of solar thermonic energy systems for space 
and earth are discussed, For large-scale solar energy conversion 
a conventional steam power station can be added to the thermonic 
system for producing more electric power. 

REVI Involves electric power generation~ ich is not directly relevant 
LBL windows and lighting and paSSive solar programs. Therefore 

this report does not warrant further study during the technology 
review. 

E-



LI I 

TI Solar Employing Isothermal Heat Sink Materials 

1 

G. A. 9 et al 

over 200 phase change heat rage mater; smelting 
was identifi Laboratory tests narrowed these to materials 

for hot fau , hydronic heating 9 forced air heating~ 
heat pump application. ant wall panels. and stored cold systems. Several 

ion methods were ed: microencapsulation. encapsulation of 
granules, macroencapsulation. Microencapsulation of 2.6H20 

yester resin has successful. and small wall floor. and ceiling 
s have prepared and sted. Macroencapsulation in plastic film 
ners appears promising hot air systems. Preliminary economic 

YS1S studies of heat; systems based on heat sion storage materials 
shown seve promisi approaches. 

lEW: 
information is useful. It should be used later. 
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TITLE: 

LBL LI REV I 

Design and Operation of a Solar Heat; and 
for a Residential Size Building 

May 1978 

N 9 DOE/NASA TM-781 

J. W. Littles 9 

1ng System 

The rst year of operation of the Marshall Space ight CenterDs Solar 
House is discussed. Sel design information 9 together with a bri 
system description. is included. The house is equipped with an integrated 
solar ng and 1ng system which uses fully automated state-of-the-art 
equipment. Overall performance the first yeat~ is summari . In addition~ 
information pertaining modifications made to improve performance is 
provided 9 and problems encountered during operation are discussed. 

Evaluation from the rst of operation indicates that the MSFC 
ar house heating and cooling system is capable of supplying nearly 100 

the thermal energy required for heating and approximately 50 
percent of the thermal energy required to operate the absorption cycle air 

tioner. The lower percentage energy provided for the cooling mode 
as compared the heating mode is due to the significantly higher temperature 
needed r conditioner~ requiring solar lector to 

ow effi encies due to the higher inlet temperatures. Operation 
of the 11 in the ing mode has shown need for basic subsystem 
improvements such as ing temperature of the air tioner 
and/or improving 1 rformance. 

I 
from ar used as a baseline r future 

should be 
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LBL LITERATURE lEW FORM 

TI Investigation High Temperature Performance of Thin-Film 
Solar-Thermal Energy Convertors 

September 19 

N 13, PB-265554 

K, D, Masterson, et 

Discusses 1:'" E (wavelength) sa i d ma te ri a 1 s : 

nal report describing work carried out to support Bureau 
on solar energy convertors. The report describes the 

specular ectance of zirconium carbonitri surface layers from room 
temperature to 7000 C. Above SOOOC permanent degradation of the surface 
layers occurred. The indicate the absorbers may be useful solar 
energy conversion when appropri stabilizing 1 are utilized to 

d degradati on. 

I 
in nal 

E-69 



LI R~I FORM 

TI Energy Integrated ildi Envel 

Octo~rl 

G, Meckler 

Proceedings 
Tucson~ Al 

International 

A building envel forms a boundary between interior space environment 
for people and a varying external environment created by changes in solar 
irradiation~ r temperature, wi ~ dust, humidity and rain. The on of 

is boundary~ in achieving a controlled internal environment by maintaining 
a lance of energy flow, is discussed in relation to three innovative window 
systems, These are as lows: 

I 

o rmal louver whi reacts to internal window loads and controls 
sunlight. 

o rmal panel absorbing s ar energy. 

o Thermoelectric 
i 

for converting solar to i 

nts: good di on of building~enve design philosophy, 
Thermal panels and thermoelectric geration unit, These 
concepts should be discussed in LBL paper. 

ive: Not much techn; ; this is not aerospace technology, 
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TI 

LI I FORM 

Appli on of ar Energy to Air Conditioning Systems 

November 1 

N78-17483 

J. M, Nash~ et al 

The results a survey solar energy system applications of air 
conditioning are summar; . Techniques discussed are both solar 
powered (absorption le and the heat ne/Rankine cycle) and 
solar rel (heat pump). Brief descriptions of the physical 
implications of various air conditioning techniques, discussions 
of statu5 9 proposed technological improvements. methods of 
utilization and simul on models are presented, along with an 
extensive bibliography related literature. 

lEW: This report is not directly relevant to the LBL windows and lighting 
passive ar programs and therefore does not warrant further 

study n9 technology review. LBl would benefit, however. from 
obtaining a copy of this report because its extensive bibliography; 
judging from their titles, some of the references are relevant to 
the aforementi LBL programs. 
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LITERATURE lEW FORM 

TI The s on ar Heating System 

1976 

ar Energy. Vol. 18. 11 (1 ) 

R. T, Nash. et a1, 

The influence of structural energy loss on the performance of a solar heating 
tem has generally been given limited consideration. Yet failure to ac

count for the character of structural energy loss is equivalent to a naval 
itect ignoring the drag associated with the hull while concentrating his 

attention on propulsion equipment. More attention must be given to 
is if solar heating systems are become successful in areas of 

Un; States where comfort heating requirements are greatest. In this 
paper the influence structural energy loss on the performance a solar 
heati system is devel rst. Then a general method for determining 
the most economically desirable combination solar energy gain g structural 
energy loss. thermal energy auxil1iary energy use is presented, 

I 

a good approach to compare solar energy gain and structural 
can be designed to have more solar energy gain than 
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LI I 

Tl Solar Heating and Cooling in Buildings: Air Force Implications 

DATE: May 19 

AD~BOll 982L 

J. C. Pullium 

The increasing demand and dependence on energy resources and their 
fini lability creates a gap that must be satisfied if Western 

ons are to maintain their economic power. Between one-fourth 
and one-third of the energy consumed in the United States is in 
heat; and ing of buildings. This use demands a milar 
share the Air Force util ities budget whi by its rapid increase 
is causing drastic reductions in operations and maintenance capa
bilities of our forces. This paper addresses the implications to 

Air of one possible energy gap filler, Solar Energy, as it 
can used in heating and ing application. Discussed are the 
theoreti aspects of solar radiation, solar energy system components, 
economic considerations, possible applications, plus a method of 
invest; onal anal is. 

lEW: Most of this information is either well known to the solar energy 
community or is irrelevant to the LBl windows and lighting or 
passive ar programs, The section on heat storage subsys 
(pp, - 39), however, i udes some on -of-fusion storage 
mater; s, This section its references are worthy of further 
study duri technology review. 
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LBL TERATURE REVIEW FORM 

TITLE: Low-Cost Solar Air Heater 

1977 

SOU N78-20639 

D. R. Rask~ et al 

ABSTRACT: This report is a semi-annual progress report on an ERDA contract 
which descri the work completed to date on the development of 
a low-cost solar air heater of unique design. 

REVIEW: This report is not relevant the lBL windows and lighting and passive 
solar programs and therefore does not warrant further study during 
the technology review. 
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LITERATURE lEW 

TI Development of Water as a High Energy Density Dielectric 

December 1976 

AD-SOlS 609l 

W, E. Schwinkendorf 

: The purpose of this program is to develop a low-cost, high-energy
density~ energy storage system capable of storing large amounts 
of energy at high voltages. and of delivering this energy to a 
load in very short (sub-microsecond) pulses, The major appli ons 

such a system may be to ground based nuclear weapon simulators. 
ground and airborne laser systems. and airborne EMP simulators, 

lEW: This report involves storage of ectrical energy. which is not 
relevant to the windows and lighting and passive solar 
programs. Therefore it does warrant further study during 
technol review. 
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TI A 

1 

N77 1 

M. 

I 

II 

ar Collector System 

an improved concentrator 
ar energy on parallel vacuum-jacketed 

uding a urality of individually mounted re
asymmetrical triangular cross-sectional con

dent reorientation and defining a plurality 

oyed on an annual is without requiring 
• The system may economically 
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LI REVI FORM 

TI Heat Trans Conduction and Radiation 

1978 

SOURCE: N78-28383 

L. F, Shampine 

Mathematical solution problem of two infinite, parallel 
pl ch trans heat by radiation and conduction. Assumes 
that physical properties are independent of the pos; on 
the temperature, 

I Appli e to heat transfer in gaps (e.g,. spaces between double-
pane windows) un conditions for which convection is unimportant 

ative'to conduction and radiation, This situation is of potential 
interest to the LBL windows and passive solar programs, the 
analysis therefore is worthy of further study during the technology 
review. 
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LITERATURE REVI FORM 

TI Dual or Solar 1 on and Thermal 
Insulation in Wi ar Heat Rejection in Summer 

1975 

AD BOl l 

s. D. lverstein 

The properties of an conserving window shade are cal ated and 
scribed. The shade serves as a quasi lve solar collector ng winter 

daytime; provides added insulation comparable vented storm windows 
ng winter nighttime; solar heat gain during summer 1ng 

periods. The results of our numerical modeling shown that the dual shade 
will be: ~90 percent as energy efficient as an unshaded window during 

winter solar collection hours; save ~ ~O pe on energy losses 
through a single pane wi duri winter nighttime; and reduce solar heat 

n by ~70 percent during summer air conditioning periods. 

I 
Good points: 

Not 

of interest is the use of wavelength dependent 
One side of shade has high absorptance in 

de a high reflectance. Both sides 
in IR on. In add; on, s 

a small transmittance so as to permit a little light 
through. 

cal 

per sea 

about this variable emittance 
r. 
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Ll IERA TURE REVIEW FORM FOR OPTICA L PROPER TIES 

(Section 5) 
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LI lEW FORM 

TI New Techniques Infrared Fil ters 

r 1973 

Appli Optics Vol. 12, No.9 

K. R. Armstrong, al. 

Two new ques have been oped that permit the construction 
gh performance low-pass, -band~ and medium-band fil at 

wavelengths from 25um 300~m. One technique utilizes small particle 
sho wavelength rejection. The other technique uses 
or more crystalline mater; s to 1i id-He or liquid-N2 

res obtain spectral defini on. 

lEW: 
ves references 
graph is given 
so a table lis 
materia 1 sis 

cut-on is also defined. 

the design of scatter and cool tal 
showi the characteristics of some sample 

n9 transmission properties varl0US 
ven, A quality for the steepness 

lent cut-on characteristics may be obtained 
tals in series, Near-infrared leaks by stacki l1qui 

can be e1imi 
losses may 

us i di 1 rs, and the reflect; on 
by using a polyethylene anti ection coating. 
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TITLE: 

LBL LITERATURE REVIEW FORM 

Materials Suitable for Making Far Infrared High-Pass Transmission 
Filters 

1973 

Infrared Physics. Vol. 13 

M. G. Baldecchi. 

A study has been made of the optical properties of thi compounds suitable 
for making far infrared filters the Yoshinga type. filters were 
prepared from powdered reststrahlen crystals mixed with a transparent 
substrate. 

REVI 

hinaga fil utilize the most appropriate method preparing high-pass 
lters in the far infrared because interference lters are yet available. 

Transmission curves each compound are given for various thicknesses of the 
samples. The transmission is measured from 2.5pmto 300 pm. The thickness 
variation obeys Beer1s law. The substrate material used with all the compounds 
is polyethylene. 



LI I 

TI Infrared Refl and Emittance of Silver and Gold Evaporated 
in Ul gh Vacuum 

February~ 1965 

Applied Optics, 4~ No.2 (1965) 

J. M. Bennett~ et. al. 

The reflectance of silver and gold evaporated in ultra-high vacuum has been 
measured in the wavelength range of 0.5 pm to pm. It was found that the 

ectance of both materials is higher than previously reported values and 
the infrared emittance of uhv gold films is smaller by nearly a factor of 
3 than previously reported. 

lEW: 
It was found that ~~en silver and/or d was evporated in a vacuum with a 

5 x 10 torr, better ectance and emittance ues could b~5 
ined 9 ong with better reproducibility than standard vacuums of 1 x 10 

The procedure for obtaining the coatings is explained and the reflectance and 
emittance ues of Ag and Au are given in tables along with a graph of 
refl Ag, Au, and AI. 

Since the gold is chemi ly inert, it should nd wider application as a low 
infrared em; material, 
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II FORM 

TI Infrared Spectral Emittance of Five Black Coatings 

I 

1970 

AO 

J, B, Bernstein~ ,al, 

emi Sicon Black~ 3M Velvet Coating, Cat-a-Lac Flat 
,platinum ack, and platinum black in epoxy were measured in the 

um region at 4.2 and 77K. 

Measurements indi there is no temperature dependence in the 
3 - ~m for five coati . Observations do suggest that manner of 

ion, dri ng curing, mixing all effect the resul Despite 
e to sample variations, a 0.1 mm thick n9 is opaque. 

the emi of platinum black on appeared drop off as A2~ the 
nurn bl in epoxy did not drop off as radidly as any of the other coatings. 
the pigment-binder comb; on has a measurable contribution the black-

ness of the 
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LI I 

TI Infrared Transparent Polymeric Films 

May, 1975 

AD Boo 6264L 

This paper investigates three different chemical groups of polymers: Fluoro
carbons, Alkoxy-substituted Polyphosphazenes, and Fluorosilicones, with most 
of the concentration of Fluorocarbons, Fluorocarbon polymers and cure processes 
were carried out in an effort to produce infrared (out to 7 ~m) transparent 
polymers which were suitable for the production of glossy, hard, high reflectivity 

rcraft coatings, The final product was a pigmented coating produced from a 
mixture tetrafluoroethylenevinyli fluoride (Kynar 7201) and hexafluoro-
propylene-vinylidene fluoride (Viton A-HV) copolymers, An IR reflectance plot 
is given, 

I , . . 
The reason for using uorocarbon polymers is to reduce the absorption in the 
i (3.3pm) due to carbon-hydrogen bonds. Several reactions and curing 
processes were tri , Different catalyst used for curing were cesium fluoride-
magnesium de and benzoyl peroxide-diazabicyclooctane, The final product 
uses a mixture of Vitona-HV, Kynar 7201, barium titanate, magnesium oxide, 
2-butanone, and a vent blend. A procedure to prepare this polymer is given. 
Studies polyphosphazenes were ed out, The most infrared transparent 

ymer examined in the paper was a polymer this general type; however, none 
the yphosphazenes examined were curable. 

Fluorosilicones were also examined, Dow Corning QR6-2205, a ketoxime-terminated 
silicone resin was cured alone in moist air at room temperature to give a clear, 
tough film, but when attempts were made to copolymerize this with two triethoxy 
compounds, there was no success. 
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lEW: 

Ll 

H. F. 

1 7 
bi smuth, 

ium, are 1n 
a lumi num films. 
indi the i 
titanium. 

LI 

Metal and 
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LI REVI FORM 

TI The Solar Spectrum at Typical Clear Weather Days 

1976 

N77-30523 

K. W. Boer 

The solar spectrum between .311m and 1.511m for five model "cl ear weather" 
days representing seasonal variations are defined. 

I 
ar spectrum, .3 m 1.5 m. is given for five "clear weather ll days 

representing typi seasonal conditions with respect to air mass, water vapor. 
ozone, and turbidity. The spectral distribution of the irradiance is given 
for the direct component. scattered skylight. the total flux on a horizontal 
surface, and the flux on an inclined surface normal to the direct component. 

The assumptions made in calculating these results should be considered before 
applying them to real measurements. 
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LITERATURE REVIEW FORM 

TI Envi ""'If\lIi1l@ffi Exposure Tests on ar Collector Plates 

C. J. Bryan~ al. 

were performed at a corrosive s1 to determine the effect 
ronmental ure on solar collector cover plate mater; So Materials 

evaluated in this testing program were mylar, Teflon FEP, lexan, Plexiglas w 
and aro 

I 
materials were exposed for a one period while measurements were 

three months with a spectrophotometer. Teflon FEP appears to 
the material least affected by the one year environmental exposure. The 

the UV-visible spectrophotometric measurements are summari 
in a table, 

on, samples were coated with an num film on one de 
an infrared ve coating. Virtually all of aluminum 
had away in the first three months~ so no discernible 

were noted plain and aluminized test specimens. 
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LI lEW 

TI Cloud Properties from Satellite Infrared and Visible Measurements 

1976 

American Meteorological Society Preprints A78-14952 03-47 

J. T. Bunt; ng 

Sate1'i data on the radiative properties of clouds are compared with 
simultaneous measurements by aircraft, Radiance at 12 - 15um are used to 
estimate cloud altitude and IR transmissivity. 

I 
Data from two ometers. with narrowbands 14.1.13.8.13.4 and 12,Oum 
and broadbands of .5 to ,7um and 10 - 12~m. aboard a NOAA ITOS satellite were 
used to determine altitude of various oud types. These results were 
compared wi actual observations from aircraft. When the four narrowbands 
were used to determine altitude the agreement with observation was generally 
good. from these four bands and a vert; temperature profile were used 
to calculate cloud transmissivi 

from the wideband rad; r were used to determine cloud thickness 
and mass. The res ts indicate that the clouds which are coldest in the 
IR and brightest in the visible when viewed from space have the greatest 
thickness and mass. 
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LITERATURE I FORM 

TI Anomalous Infrared Emission from Condensing and Cooling Steam Clouds 

September 1977 

AD E400066 

H. R. Carlon 

The infrared emission from condensing and cooling clouds of saturated steam 
atmospheric pressure is measured at lO~m. Radiant emittance values three 

to four times those calculated for water droplets and water vapor are observed. 

REVIEW: 
A iometer operating 1n null condition was used to measure the emiss 
from condensing and cooling clouds saturated steam at 10~m wavelength. 
The radiometer was capable of detecting radiant emittance changes corresponding 

changes in temperature .2oC or less. 

Strong infrared emission at 10~m was observed. The strength of the emissions 
could not accounted by water vapor or droplets or other commonly known 

pheric constituents. Near 1000C under librium conditions radiant 
emittance values exceeded those of a ackbody. is phenomena suggests . 
luminescence-like activi in the water. 
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TI 

LITERATURE REVI FORM 

Photoelectric Charging 
in Space 

N 0154 

S, R, De, et 

Partially Sunlit D1 ectric Su 

A spacecraft surface thatisof dielectric material may experience photo-
electric charging when a section of the surface is sunlit and the is 
in darkness. 

REVI 
On a parti ly sunlit dielectric surface. the sunlit area tends become 

ively charged and the dark area negatively charged, with both charges 
ng near the sunlight-shadow boundary. This boundary is thus 

the site of intense multiple electric el . If the sunlit area is contracting 
or expanding it may experience a ilsuperchargin . The of the presence 

an ambient plasma is not discussed. 
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TI 

II 

A Performance Eval 
and Solar Collector 

September 1976 

I 

Various Coatings, Substrate Materials, 

SOU N77-15489 

REVIEW: 

F, J. Dolan 

This paper a method of testing and uating solar panel 
ngs and designs and solar lector subsystems. 

This method of uses a recircul ng water flow through the 
solar collector samples and measures the in1 and outlet temperatures 
to determine the efficiency the samples. Tests are performed with 
2 different substrate materials~ 5 different coating/substrate 
combinations, and 9 different coatings/panel designs utilizing an 
insulated box (flat plate) lector. Tests were made primarily 
with a Xenon lamp as a solar simulator, but some were also performed 
in direct sunlight. The insulated box collector th a low cost non~ 
selective coating appears satisfactory for heating and hot water 
systems. 
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LBL LI REVIEW 

TI Solar Absorption Properties of a High Temperature Direct-Absorbing 
Heat Trans Fluid 

N78-15577 

AUTHORS: William D, Drotning 

ABSTRACT: Pa cul metallic are added to a molten salt heat 
transfer fluid; the optical absorption properties the resultant 
mixture are then measured. 

lEW: A molten salt. an eutectic mixture of KN03. NaN02. and NaN03' 
1s used as a heat transfer f1uid in many ar energy systems. 
The salt mi alone absorbs approximately 8% of the solar 
spectrum per em of path length. while the addition of a small 
amount (.05 wt %) of oxides of or Cu increases the absorption 
to over 80% per em, Absorption spectra of the mixture were 
determined as a function of dopant concentration, The oxide 
C0304 appeared to be the most suitable dopant for a direct
absorbing heat transfer fluid. 
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II I 

TI Wavelength - Sel ve for Solar Energy Utilization 

1976 

SPIE Vol, 85 Optics in ar Energy Utilization II 

The ective (spectral) characteristics of Cr black and MgO/Au absorbers; 
Ti02/Ag/Ti and Sn doped In?03 transparent heat mirrors; and Sn doped 
1n203 mi are presented, 

I 
solar absorption and infrared emissivity are made for Cr black 
and on Ni and A MgO/Au coating on Mo, Spectral curves are 

for ,Tse MgO/Au coating is stable 400 C while Cr bl degrades 
200 and 300 C, A possible mechanism for the failure at these temper

is di 

Transparent heat mirrors of TiO?/Au/Ti02 on glass and doped In201 conductive 
lms are . effects of A MgF? antireflection coating on Sn doped 

I di thi T1 and Ag are discussed. The transmission 
on of Sn In 0 gri glass are shown and compared to 
resul a p~r~ect conducting grid, A formula for calculating 

for a wire mesh is given, 

work well as transparent heat mirrors the cost of 
is hi , A material which has a low deposi on temperature (~lOOoe) 
irable so grids could be aced on plastic or polyester 

,a? ng seems to a good candidate for both grids and 
mlrrors. 
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LI REVIEW 

TITLE: Electrically Conductive Paints for Satellites 

N78-10165 

J. E. Gi 11 i gan. et. a 1 , 

ABSTRACT: 
A variety of organic and inorganic coatings are formulated and tested on 
the basis of electrical conductivity. physical properties, and stability of 
spectral reflectance in a space environment. 

REV! 
This paper explains the need for ectrically conductive thermal-control 
coatings on satellites. nts that are highly trans rent and highly 
conductive are needed, Tables show the results of tests of organic and 
inorganic paints, as well as alumini Teflon and Kapton and Astroquartz, 
The results show that many inorganic coatings, such as potassium. lithium, 
and sodium silicates, are suitable, but much developmental work is needed 
before organic ngs can be made suitable. . 
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II I FORM 

TI Mul Absorption in Chalcogenide Glasses 

, 1975 

Vi State Labs 
Catholic University of America 

R, E, Howard. et, 

Multiphonon absorption in ehaleogenid~lg1asses As?S3 and As?Se3 are observed 
in the infrared on (200 = 1500 em ) as a funetlon of frequency. The 
va ation of on as a function of temperature is observed in As2Se . 
Measurement of absorpt~on on various mixtures of As2S3 - As2Se3 and AS2se~ -

I 

glasses are studled. 

ar Modell! of lucovsky and co=workers for brational properties 
asses suggests that mul phenon absorption in these materials 

to overtone and combination brational bands in isolated 
ns mental verifaction of the model. 

ramen spectrum of As?S3 glass at 15K 1s given. Also. a graph 
cient versus freqaency is given for As2S3 and AS?Se3 . 

of absorption coefficient ong wlth a formula is 

de asses are mixed it is observed, in the 2-phonon 
on center atoms mi 9 that the total absorption 

knowing individual absorption coefficients 
formulas are given. 
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LBL LITERATURE lEW FORM 

TI Opt; Characteristics of a Water Aerosol in the Infrared Spectral 
Region (Attenuation~ Scattering and Absorption Efficiency Factor) 

1 (1975) 

AD B013523L 

L. S. Ivelev~ et al, 

ency for attenuation. scattering and absorption by water 
in the near infrared are presented, 

lEW: 
The Mie coefficients for a number of complex refractive indices of water 
between 2,8~m and 6,O~m and for relative dimensions corresponding to the 
dimensions of atmospheric aerosol particles were calculated, From these 
the ency factors for attenuating scattering and absorption were 
obtained. rt was found that the absorption efficiency factor changes 
regularl as a function of the imaginary part of the refractive index while 
the changing the part is not great. For practical purposes 
by using absorption effi ency for the Re m it is possible to interpolate 
the ffe complex m without spec; culation of the Mie formulas, 
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I FORM 

TI Properties Conductive ngs Thermal Control Mirrors 
and Solar Cell Covers 

Post 1974, not otherwise specifi except it is also pre-"mid-76 11 

N76 11130 

D, E. Joslin, et, a1. 

Conductive transparent coatings have been cons; for space applications 
(i,e., allowing the even distribution of charge over a spacecraft surface), 
Optical and electrical measurements (as functions of T and/or A) have been 
made on an OClI coating, which is basically indium oxide, 

I 
istance vs. temperature curves for six samples of the OelI coating indicate 

1i e temperature dependence, However, there is a factor of 6 variation in the 
sample to sample res; ,Use AR coatings on the conductive coating for 

ar cell covers is discussed, It is concluded that it is worthwhile since 
it can increase the transmission in the 300 - 600 nm region, However, due 
the AR coati's high resistance, the effect of conducting coating is 
reduced, The space ronment and the MgF2AR coating's cal properties 
must considered more thoroughly, 
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LI REVIEW FORM 

TI Solar Collectors Using Total Internal Reflections 

1976 

SOURCE: SPIE Vol, 85 Optics in Solar Energy Utilization II 

AUTHORS: N, S, Kapany 

ABSTRACT: 
Various configurations of solar collectors and components employing the 
phenomenon of total internal reflection are described, A qualitative 
approach is taken in describing the various components; some tables of 
efficiency are given, 

lEW: 
This paper bes the cri cal angle occurring at a die1 ric interface 
and the necessity a ean surface the interface. is qualitative 
with one or simple equations and agrams illustrating various geometries, 
The main thrust the paper is ach; e by using total 
internal ons (TIR) in diel c materials to replace metallic 
reflect; surfaces. 

A double ndow using liopti ribs Ui been yield high 
light transmission and ruggedness. Conical wedges are devel for use as 
energy concentrators as well 'as lioptical ves li

• Dielectric compound con-
centrators wi fl ,parabolic, and elliptical ecting surfaces are 

bed with various ications~ such as coupling with cs 
solar cells or use as internal lighting. 

E-99 



LITERATURE REVI FORM 

TITLE: on or Matching Functions 

DATE: December 1977 

SOURCE : N78~22893 

AUTHORS: Kanji Katori. et 

ABSTRACT: This paper is a synopsis of another paper concerned th color 
match; functions examined on Japanese subjects, 

REVIEW: This synopsis gives a short chapter by chapter review of the original 
paper, Studies were conducted measure the cha~acteristics of 
color sion, using several different types orimeters on 
Japanese subjects. Color matching functions and the additivity of 
color matching are investigated. 
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TI 

SOURCE: 

LITERATURE REVI FORM 

light Transmittance and RF 
Film on a Glass Substrate 

November 1975 

elding Effectiveness of a Gold 

IEEE Transactions on Electromagnetic Compatibility. Vol, EMC-17. 
No. 4 

AUTHORS: Samuel y, Liao 

ABSTRACT: Light transmittance and the shi ding effectiveness of a gold 
film on a glass substrate is investigated. The theory applied 
may be used for other metal films besides gold. 

REVIEW: The dependence of the transmittance of visible light upon the 
thickness or surface resistance of a gold film on a glass substrate 
is determined numerically by the optical properties of the gold 
film and glass teo 

Some graphs are given which pertain to the gold film. and a table Q 

of refractive index and nctian index at wavelengths from 2000 A 
to 10.000 ~ is given for Al. Cu. Ag and Au. 
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LITERATURE REVI FORM 

TI Infrared Opt; Materials for 8 - 13 um - Current Developments 
and Future Prospects 

1974 

SOURCE: Infrared Physics, Vol. 14 

AUTHORS: K. J. Marsh, et. aL 

ABSTRACT: 

The current state development of materials for 8 - pm cal components 
is reviewed and the prospects of finding improved or cheaper materials are 
discussed. The two main interest areas are broad band refracting optics and 
high energy single wavelength lasers. 

REV! 

The refractive index and absorption mechanism for various materials is discussed. 
A table listing mechanical, chemical and various other properties of different 
materials is given. The article also gives a survey of different materials 
such as polymers, hali ,oxides and chalcogeni 

In general, chlorides and selenides offer the most hope for a new material 0 

The chlorides would very good materials for low broad band systems, 
but would have i or chemical and thermo-mechani properties compared with 
germanium. For high power requirements both the halide and chalcogenide routes 
are worth exploring. 
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LBL LITERATURE REVI FORM 

TITLE: Optical Materials for Solar Energy Applications 

May 1976 

SOURCE: N77-19628 

AUTHORS: 0, M, ~~attax 

ABSTRACT: To have significant input on the U. S. energy economy. hundreds 
of square miles of optical materials would be needed. requiring 
development of high-volume. low-cost production processes, 

REVIEW: This paper describes many different types of collection systems for 
solar energy and different optical techniques, such as interference 
films. bulk selective absorbers. scattering films. and radiation 
trapping surfaces. Photovol ic. photogalvanic. and photoelectro
chemical materials are discussed, as are fabrication techniques, 
Tables and graphs show the optical properties of various materials, 
Some tradeoffs must be made between desirable properties and econ
omical considerations, 
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LBL LITERATURE FORM 

TI Transmittance of Opt; Materials from 0.17~ to 3.0~ 

November 1 

SOURCE: Appli Optics; Vol, 6, No. 11 

Donald E. Me earthy 

ABSTRACT: The transmittance of thi rty-one 
0, 17~m to 3.0~m, 

cal materials 1s given from 

REVIEW: The als wni were measured are Na Cl, KBr~ I, F2, 
NaF, T1Br, T1Cl, KRS-5, KRS , T-12, KC, CuC, T02' ADP, KDP, BaF2, 
SrTi039 GaP, 9 CdSe, AS2S39 ruby, 203, IRTRAN 1-6, and quartz. 
All are synthetic with the exception of CaC03' transmittance is 
better for the synthetic materials than the naturally occurring 
materials. 
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TITLE: 

DATE: 

SOURCE: 

AUTH 

LI R~I FORM 

Black Chrome on Commercially Electroplated Tin as a Solar Selective 
Coating 

September 1977 

NASA TM~73799 

G, E, McDonald 

ABSTRACT: A study was made of the technical feasibility of achieving high solar 
absorption and low infrared emittance ack chrome plated on a 
commercially plated tin/steel substrate, 

REVI The ectance properties electroplated bl chrome on tin were 
measured various black chrome pl ng for both the solar 
and infrared spectrum, the reflectance values the solar absorptance 
and infrared emi were calculated, The optimum plating time was 
between one and minutes, A plot of solar absorptance and infrared 
emittance as a function a ng me is given for black chrome on 
tin and on nickel; a more expensive alternative, 
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LBL LI lEW FORM 

TITLE: Selective Coating for Solar Panels 

DATE: Filed 22 December 1975~ Registered at U.S, Patent Office 
25 Oct. 1977 

SOURCE: u. S. Government Patent Office #4~055, 

AUTHORS: G. E. McOona 1 d 

ABSTRACT: 
Solar heating panel performance is improved by use of a selective solar 
coating. black chrome on nickel. giving a chrome/nickel/substrate sequence, 
This results in a high solar absorption and a low emissivity, 

REVI 

The coating techniques and materials are described, as are some variations 
(dull nickel versus bright nickel. di pl ng durations, rough surface 
versus smooth surface. etc,), However. some of the description is not 
completely clear, especially where emissivity is scussed; it is not clear 
whether the author is referring the ack chrome or the n1 undercoating. 



LITERATURE lEW FORM 

TITLE: Optimi Selective Coati for Solar lectors 

DATE: 1976 

SOU N77 -11529 

AUTHORS: G, E. McDonald, et. a L 

ABSTRACT: 
The effect of plating time on the solar absorptance and emittance of five 
different black coatings are examined, 

REVI 
The spectral reflectance of bl nickel black copper, bl chrome, and 
chromatic and chloride converted black nc from .35 18 ~m are presented, 
The variation of emittance with absorptance is shown for each the bl 
coatings with respect to the plating time, 

The results show that increases in plating times 1 first to increases 
in the solar absorptance. the absorptance isaturates i the emittance 
then increases for further increases on the plating times, 
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LI I 

TI Low Infrared Paint Coati Program 

DATE: April~ 

AD-B004543 

R. Peterson 

This paper carries out a feasibility study produce a forest green paint 
with 10 percent in the 1.5 to 2.7 pm region (MIR) and a high 
reflectance in the 0.7 to O.9~m region (NIR). In the present program a 
paint was produced with a refl of 18 percent in the MIR region. 
If the requirements were dropped in the NIR region, a lower reflectance coating 
in the MIR on could be obtained. 

lEW: 
Tungsten Ox; ,W03, was found to essenti the only inorganic pigment 
with a strong absorption near 20pm which did absorb in the visible and 
NIR. The W03 was combined with other pigments to achieve final 

ng. 

Forest green is the most diffi t color to make with low MIR reflectance, 
so improved IR performance could be expected with other ors. It was also 
noted the primer used, on the surface, was very important in reduci 
the MIR reflectance. 

total hemispherical specular (the flatness) of the 
coatings were studied. Various tables and graphs are given showing the 
di s of paint coati 
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LBL FORM 

TITLE: Opti Characteristics Transparent Insulation as a Function 
of Surface State 

February, 1967 

SOURCE: Geltoteknika 

AUTHORS: N. B, Rekant 

ABSTRACT: 
Gives brief description of effect ethanol and stilled water have on the 
roughened surface of plexiglas and window glass. 

REVI 

The article describes how ethanol or distilled 11s the micropores 
and causes some index matching of roughened exiglas and window glass 
surfaces, Two tables are given for the transmittance and reflectance of 
these surfaces. 
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LI FORM 

TITLE: Aluminum or Copper Subs Panel Selective Absorption 
Solar Energy and the Method of Producing Said Panel 

DATE: August 31 ~ 1917 

SOURCE: N77-31610 

AUTHORS: Mari on L, Roberts, et a 1 , 

REVIEW: 

The authors have invented a panel for absorption of ar energy, 
This paper describes the panels and produce them. 

Two types of panels were devel : one consisting of a substrate 
of aluminum wi layers zinc~ nicke19 and nickel oxide added; 
the other a copper substrate with layers of nickel and ni 1 oxide. 
A selective absorptance of greater than .91 and emittance of less 
than ,07 can be achieved, NASA owns the invention but encourages 
; 11 commercial lization. 
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TERATURE REVI FORM 

TI Infrared Continuum Absorption 
3 - 12jJm Window 

DATE: April 1976 

SOURCE: AD A025377 

AUTHORS: R. E, Roberts, et a1. 

ABSTRACT: 

Atmospheric Water Vapor in the 

Three modifications to the Lowtran 3 atmospheric model r the water vapor 
absorption continuum in the 8 - 12jJm window are discussed. 

REVIEW: 
By analyzing recent experimental , it was determined that the N2 - H20 
broadening team can be ther eliminated or y reduced in the 8 - 12jJm 
region. This broadening term appears to be more sign; cant longer wave-
lengths. however. Using this data an improved t for the absorption co
efficient, CO (v). was found us; linear regesssion techniques. An expression 
for CO (v) is given. A strong temperature dependence the absorption co-
efficient is defined. and an expression for this dependence is given. The 
temperature dependence appears to be applicable in the 8 - 12jJm region. 

(It should be noted that 
3B model.) 

modi cations are incorporated in the Lowtran 
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TITLE: 

LBL LITERATURE REVI FORM 

Measurements of Net Atmospheric Irradiance in the 0.7 to 2.8 
Micrometer Infrared Region 

May 1 

AD A041076 

AUTHORS: R, Rubi0 9 et a1. 

The net atmospheric irradiance in the.7 2.~m region were measured 
from a ban oon platform at al titudes ranging from 5 to kilometers. 

REVIEW: 
The net atmospheric irradiance was measured with a spectral pyranometer. 
The spectral pyranometer had a 70 fi d of view and pointed downward at 
17.60 below the horizontal ane defined by the platform base. The minimum 
sensitivity was 2. x 1 mw/cm2. 

The results indicate that for low solar th angles and in the absence of 
clouds the irradiance values remain between 1,53 mw/cm2 1.81 mw/cm2. No 
signif1 variations were noted with changes in titude above 5 kilometers 
or terrain viewed. 
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LI REVI FORM 

TI FTIR Electro-Optic Beam Switch 

DATE: July 1977 

SOURCE: ADB020584L 

AUTHORS: Ronal dR, Sell 

ABSTRACT: The purpose of this project is to demonstrate the feasibility 
using an FTIR device to switch a C02 laser source between 

multiple outputs in a controllable fashion, 

REVIEW: A 10.6 micron opt; switch is constructed using the frustrated 
total internal reflection (FTIR) pri ple. If light strikes a 
surface at an angle greater than the critical angle 9 it experiences 
total internal reflection. If two surfaces of like i come into 
contact~ the surface effects to disappear, The two surfaces 
can thus form a s\>Jitch: liopenl! if separated (total internal re-

L ilclosed ll if in contact (transmission through the surfaces), 
The IR switch uses two prisms 9 the separation of which is varied 
by means piezo-electric transducers. The prism material chosen 
was ne seleni ( )9 the paper explains theory and con-
struction of ten, shows i performance in graphs and tables. 
and os, in appendix • the FTIR mathematical equations and 
operation instructions. 
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LBL LITERATURE REVIEW FORM 

TITLE: Formulation of Electrically Conductive, Thermal-Control Coatings 

DATE: 

SOURCE: N78-10166 

AUTHORS: M, C, Shai 

Electrically conductive, thermal-control coatings were formulated for use 
on the International Sun Earth Explorer spacecraft, 

REVIEW: 
After many false starts, promising resul were obtained by using fired-oxides 
as pigments in sodium or potassium silicate binders, This report focuses on 
coating formulation application techniques. The optical and ectrical 
properties various coatings are measured, and the coatings are environ-
mentally tested. 
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LBL LI I 

TITLE: Formulation of Electrically Conductive Thermal-Control Coatings 

DATE: April. 1978 

sou N78-21216 

M, C, Shai 

ABSTRACT: 

Thermal-control coatings that are electrically conductive are developed to 
meet the requirements for use on the International Sun-Earth Explorer (ISEE) 
spacecraft, 

lEW: 

The coating for the ISEE spacecraft was to have a solar absorptance o~ 0,55 2 
to 0,59. thermal emittance of O. • area resistance less than 1 x 10' ohm-m. 
and an environmental lifetime of 2 years in ar wind. To these speci-
fications, sodium and potassium silicates are used as binders. and contain 
fired-oxide pigments in proportions to mize absorptance and conductance, 
Tables and graphs summarize the optical. thermal and electrical properties of 
the ngs, The coatings have passed environment tests, including UV. low
energy proton (solar nd). thermal-vacuum cycli • and humidity tests, 
Coatings with the potassium silicate binder had greater chemical stability, 
while those with sodium sill binder had greater stab;li in optical 
properties, 
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LBl II lEW FORM 

TITLE: Method of ng 1 Hydri Films 

DATE: led February 1 ,Completed October 1 

SOURCE: u. S. Patent Office, #49055~686 

AUTHORS: R. Stelnbe ,et al. 

ABSTRACT: 
A method of forming a continuous, thin 1m of stoichiometric metal 
hydri (titanium dihydride, ti ium deuteride, titanium ditritri 
or similar compounds of rconium 9 ytrium, scandium, etc.) on metal, 
glass, and/or plastic substrates is described. 

REVIEW: 
No agrams, but a detailed step-by-step process description including 
information on equipment required, typical substrate cleaning procedures, 
etc. 
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LI I 

TITLE: Spectral Radiance of the Atmosphere in the 3 to 20lJm Spectral 
Regi on 

DATE: July 1976 

SOURCE: AD B013448 

AUTHORS: W, Tam, et a1, 

The predictions of the MCClatchey atmospheric emission models are compared 
with experimental results in the 3 to 20lJm spectral region, The discrepancy 
occurring in the 10lJm region is investigated, 

REVIEW: 
McClatchey!s atmosphe c models are reviewed including the methods employed 
to calculate the transmission and irradiance of the atmosphere, measured 
at sea level. for various viewing angles, Predictions of the mid-latitude 
summer and mid-latitude winter atmospheric emission models at several viewing 
angles are compared to experimental data taken at Elk Park station, Colorado, 

The predictions of the models and the experimental data show good agreement 
except in the region of the 9,6 ozone emission band, The ozone absorption 
coefficient calculated by McClatchey is compared to laboratory measurements, 
The empiri model is found to imate the measured absorption, An 

ternate method of calcul ng 9.6lJm band ozone absorption coefficient 
is presented. which gives an excellent fit to the empirical data, 

A similar modification would also be necessary in calculating the transmission 
of the atmosphere in the 10lJm region. Because of the smaller absorption 
coefficient indicated by ment for ozone the transmission would be higher 
than predicted by McClatchey in the lOlJm region. 



LBl REV I FORM 

TI Reflective Solar Control Film on Windows Gains Acceptance 

DATE: October. 1968 

SOURCE: Ashrae Journal 

AUTHORS: Do R. Theissen 

ABSTRACT: 
Examines heat flow through windows and hot it may be reduced by applying 
a reflective surface. 

REVIEW: 
The paper descri the shadi coeffici uses it as a gure of merit 
for good insulation windows. Transparent polyester films with aluminum 
coatings that adhere to windows are mentioned briefly. The psychol lcal 
effects of light and heat are mentioned. 01 properties various 
windows are compared in a small table. References with more detailed 
explanations of the shading coeffi ent and heat transfer are given. 
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LI REVIEW 

TI Infrared diation of Thin Plastic Films 

February 1972 

SOURCE: Journal of Heat Tran 

AUTHORS: c. l. Tien, et al 

ABSTRACT: A combined analytical and experimental study is presented for 
infrared radiation characteristics of thin plastic films with and 
without a metal substrate. A band averaging technique is used to 
find the complex refractive index. 

lEW: The complex refractive index is found in different band regions 
by measuring the average transmittance of two films having different 
thicknesses. 

The band-averaged optical constants mylar and kapton were 
obtained from transmittance measurements of lms with thicknesses 
in the range of O. 3 mils. Graphs of transmittance vs. wave
length are given for kapton and mylar. 

The spectral normal reflectance and total normal emittance of the 
1m side of 51 alum;n; lm5 are calculated; the results 

compare favorably wi measured values. 
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LBL LI I FORM 

TI Refl vity of Metals of Hi Temperatures 

DATE: May~ 

SOURCE: Journal of Applied Physics~ Vol. 43 g No.5 

AUTHORS: K. Vjihara 

The reflectivity~ complex refractive index and skin depth of metals at high 
temperatures are discussed on basis of the Drude theory and the theory 
of electron-phonon collision. Numerical calculations of the above variables 
are carried out for Ag. Aa, Ca. Al~ Na and K at a few wavelengths (0.69 pm. 
L06J,1m and 10.6 pm) and at temperatures from room temperature to their 
melting point. 

I 

Equations are presented from the Drude and electron-phonon collision theories 
and graphs refl vi. complex refractive index and skin depth are given. 
Some tables constants are also given for the different metals. 

As the temperature increases the ectiv1ty decreases. Curves reflectivity 
show that the absolute ue of the temperature cient of reflectivity is 
greater for metals having a lower room temperature vity. Calculated 

ues the reflectivi room temperature are in reasonable agreement 
wi handbook 
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II REV I FORM 

TITLE: Investigation of Conductive Thermal Control Coatings by a 
Contactless Method of Vacuo 

DATE: 

SOURCE: N78-10169 

AUTHORS: ~~, Viehmann 9 et, al. 

ABSTRACT: 
Large discrepancies are found between measurements of conductivity of 
coatings obtained by a contactless method and measurements obtained using 
metallic contacts, 

REVIEW: 

Electrically conductive thermal control coatings were developed for spacecraft 
use and tested for their conductivity, Measurements using silver contacts 
produced much higher values of conduct; than did measurements by a 
contactless method, Both methods show that is dependent upon 
voltage and temperature, Measurements with the silver contacts are considered 
to be of quest; e ue in deciding the tabil i ty of coati for 
electrostatic charge control. 
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LI 

TI Solar n 1m 

DATE: 1 

SOURCE: SPIE Vol, ~ Solar 

AUTHORS: Ri chard M, Winegarner 

ABSTRACT: The paper 
improved by the use 

ngs~ and trans 
solar energy versus 

REV I EW : By us i ng a e 1 r of 
coating the ciency 
collector can i 

A sel ve 

Utili 

1n ciency a flat 1 
from 33% to 45% and from 40% 
emittance coati otherwise 
crease in effie ency for fl 

ve alternative ve 
lity. 
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LITERATURE REVI FORM 

TI Solar Opti Properties, Heat Transfer Coefficients and 
Shading Coefficients for Architectural Glass 

DATE: March. 1971 

SOURCE: Ashrae Journal 

AUTHORS: J. I. Yellott 

ABSTRACT: 

Examines how solar-optical properties(transmittance. reflectance and 
absorptance)effect the transfer of heat and how different surfaces on 
glass change these properties. 

REVI 

Some equations are ven which allow one to nd heat transfer through 
single unshaded glass. A bri mention of a tra-scope for measurement of 
the properties of architectural glass is provided. The shading coefficient 
is defined and graphs are given for high 10ngwave emittance and low longwave 
emittance materials. The conclusion briefly talks spectral properties 
and how they effect heat transfer. 
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LITERATURE REVIEW FORM FOR HUMAN ENGINEERINQ 

(Section 6) 
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LITERATURE FORM 

TITLE: Isolation and Confinom':'ff>T Considerations for Colonization 

DATE: 

SOURCE: 

AUTHORS: F. R. Aki ns 

ABSTRACT: 
The paper discusses three types of isolation (sensory/perceptual, temporal, 
and social) that could adversely affect mankind in space. Also, consideration 
is given to the potential effects physical nement and the need for 
usab 1 e space. 

REVIEW: 
Although this paper deals with problems space colonization, many these 
problems could ex; in underground, confined work spaces. Suggestions for 
design of work/living quarters offset feelings of isolation and artificality 
of surroundings could be appl d to underground or other con work areas. 
The bibloigraphy contains several references to icles dealing th problems 
of underground confinement that might prove more useful the LBL study. 
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TI 

LI 

The Use Model; 
Comfort of Indoor 

1 

AD 

AUTHORS: N. Z, 

ABSTRACT: 

in Analysis of Thermal 

Modeling the thermoregulatory system is used in uating the threshold 
WBGT values of OSHA Heat Stress Standards. It is shown that physiological 
reactions within or above the tolerance limits can be experienced during 
exposure to environments having the same threshold WBGT values 9 particularly 
at heavy work 1 ,Also g the use of modeling human subjective reactions 
in plann; energy conservation strategies in bUll ngs is also discussed. 

REVI 
is paper is basically a discussion of ous s of thermal comfort 9 

and how and why they were oped, There are several tables illustrating 
threshold WBGT values based on combinations of dry bulb temperature and air 
velocity; these may be some ue in the LBL Project as guidelines 
indoor environmental temperatures, Appendix A - Determination the WBGT 
in Terms Environmental Factors 9 and Appendix C - A Summary the Thermal 
Sensation Predi'ctlon Mode19 provide further expl on these models. 
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LI I 

TI Heat Stress, Work Function and Physiological Heat Exposure 
Limits inMan 

DATE: September 1 

SOURCE: AD A05008 

A. R. Dasler 

ABSTRACT: 
Various operational trials using etqance teria available in the literature 
revealed that predi ions of physiol cal exposure limits were rarely compatible 
with the observed status of men in a wide range of heat stress and work conditions, 
Computer integration of laboratory and industri -type data led to establish-
ing a comprehensive of physiological criteria for tolerance limits appropriate 
to man at work within time-wei ghted-mean metabolic rates. These criteri a and 
work rates were integrated with industrial-type heat stress conditions which 
resulted in developing the Physiological Heat Exposure limit (PHEL) concept. 
Comparisons of over 200 sets of environmental and physi ogical data supported 
the PHEL concept and permitted more nitive identification of material areas 
requiring corrective engineering ons in the industrial type setting. 

REVIEW: 
Good points - good,thorough scus on of rel 
the PHEL concept. Tables and graphs ill 

studies used to help develop 
various experimental findings. 

environmental and physiological Appendix contains mathemati models 
ons used in developing the 

while reference in the consideration 
environments by the use 
statement work. The Proceedi 
presented mi also be cons; 

e. This could be a worth-
human comfort with to work 

bed in the LBL draft 
ium at which this paper was 
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LI lEW FORM 

TITLE: of a Maintenance in a High rature Environment 

DATE: June 1 

AUTHORS: T, L, Durren 

ABSTRACT: 
The purpose of the research is determine the temperature has on 
an individual is 1; to perform a maintenance task; determi by the 
statistical comparison of the mean completion times two treatment 
levels: normal (720F dry bulb)~ and high (1100F dry bulb), The 10 subjects 
were di ded into groups A and B, Group A performed the prelearned task first 
in the normal temperature level and at the high temperature level; group B 
performed them in the reverse, All factors pertinent to the experiment were 
h d reI ively constant except for temperature, Results indicated that the 
decrease in performance in the high temperature environment was statistically 
significant, 

REVI 
The 1100F temperature high heat condition is lOoF higher than the 
maximum temperature that could be obtained the presence of thermal energy 
storage systems in a work area (temperature aooF - 100°F), affecting 
the significance of this data as applied to the conditions described in the 

statement work, 
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LI 

TI Regenerative Polymeric Amine Fi for Carbon Dioxide Sorption 

October 1971 

SOURCE: Naval Ship rch lopment Center, Annapolis. MD. AD 913887. 

AUTHORS: R. ~J, Fuest, et al. 

ABSTRACT: A device which can eff; ently remove C02 from r with minimal 
power consumption, space requirements and maintenance is needed 

REVIEW: 

for C02 control in submarines. The concept using high-molecular-
It/eight amine containing polymers and COZ sorbents is the basis of 
the present investigation. Polyethylenlmine (PEl) was chosen as 
the polymeric amine sorbent. and Dacron 62 was selected as the 
substrate fiber. The Dacron fibers were prepared with 25% to 
30% chemically bound PEl, and showed a C02 capacity of 4% of 
their own weight a 0.5% air mixture, and are capable of 
sorbing 2.7% by weight of thi same mixture in 10 minutes at a 
rate of 2000 ml/min through a 12 cm long. 1.04 cm diameter bed 
of the chopped fiber, Compl desorption of C02 was accomplished 
at 1100 steam within 75 seconds, and overdipping with epich-
lorohydrin improved resistance atmospheric oxidation at 
regeneration temperatures wi serious loss of capacity, 
Rejuvenation of heat-aged fibers is accomplished with a mild 
sodium borohydride treatment, 

This document is the fi 
materials considered use as C02 
discussion of test sample on, 
test procedures is irly detailed 
various graphs and es 
the procedures. 
consumption this 
where conventional 
LBl study ~ a 1 
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TI Predi on Human Heat Tolerance 

DATE: 

SOURCE: AD A0512 

AUTHORS: R, Goldman 

ABSTRACT: Human tolerance heat ted by heat storage, 

REVIEW: 

as the body is unable 1mi 1 heat produces and/or 
receives from the envi 9 and by the physi oglc consequences 
of such storage, As fference between skin and r tempera-
ture decreases 9 the demand for evaporative ing (Er ) increases 9 

which may be the maximum evaporative cool (Emax) 
allowed. The ratio Ereq refl the percentage of skin that 
must be sweat wetted 9 and 0 was so adopted as a Heat 
Stress to ne heat Using same parameters 9 

a different approach has ; the predi on of the deep 
body temperature (Tre ) which a lance can be struck between 

load and heat loss as it is ven toward the final equili-
brium rectal temperature ( . We have indi how to predict 
the course of Tref during schedule of § 

work. and recovery; rate lHR) can be from this 
approach; also how by day imiti heat modifies the 
Tre and HR responses. We are ustments for sex, age. 
and physical tion. ( s introduction) 

s is a 
in the predi on 
a useful reference 
since it prov; 
tolerance 
are. 

As 
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LITERATURE 

TITLE: The Role of Clothing in Achieving Acceptability of Environmental 
Temperature Between 650 and 850 F 

DATE: February 1978 

SOURCE: N7824803, AD A052563 

AUTHORS: R. F. Goldman 

ABSTRACT: 
The paper was presented by the author at a symposium honoring a Mr. A. Pharo 
Gagge, and is primarily a discussion of literature on thermal comfort and 
their contributions toward the formulation of a clothing insulation unit 
(clo). A table is provided showing cl0 insulation units for various 
items of men's and women's clothing. 

REVIEW: 
The clothing insulation unit ( 0) concept d be applied to the LBl project 
in consideration of the thermal comfort of employees who might be working 
near thermal energy storage systems, in "greenhouse" type areas or low air 
flow environments; where special clothing or clothing not generally regarded 
as "appropriate" for a business environment (ie., shorts, T-Shirts) could 
be more comfortable. Several journal articles listed as references could 
provide additional information useful to the LBl project. 
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LITERATURE FORM 

TITLE: Mental and Perceptual Performance in Heat 

DATE: 1975 

SOURCE: N76-29915 

AUTHORS: Co R, Johansson 

ABSTRACT: 

Physiological n, thermal sensation, and mental and perceptual performance 
of 24 ten-year-old school children were investigated during exposure to 
environmental heat of 300, 360, and for three hours at each temperature. 
Rectal temperature, pulse, and rates increased significantly under heat 
load, and the physiological effects and performance changes appeared after a 
short period of reo Adverse effects of heat load averaged 10% on 
practiced numeri tasks. and an inverted U-shaped relation was found between 
heat load and perceptual performance. 

REVIEW: 

The paper deals with effects of heat stress on physiology and performance 
of chil dren, covering a phys io109i cal and phychol 091 cal variables 
that are outlined in the Table differences in exposure 
limits between ts and i1dren could the icabili of this 
report to the LBL study. 
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TITLE: 

II R~I 

Psychophysiological Aspects of Stress and Adaptation in a 
Technological Society 

January 1977 

AD B021721 

AUTHORS: G. Johansson~ et al, 

The paper reports data from a long-term project concerned with human 
psychological and physiological adaptation to the psychosocial environment. 
Subjective and cognitive aspects of various stressful conditions have been 
investigated in relation to physiol cal reactions such as sympathetic-adrenal 
medullary activity and heart rate. Experiments show increased adrenaline 
excretion are associated with good performance and short-term adaptation to 
acute stress situations, yet produce harmful long-term effects if demands for 
readjustment are frequent. Work conditions associated with modern technology 
are often characterized by overstimul ion or understimulation, which impose 
a heavy load on human adjustment mechanisms indicated by increased catecholamine 
levels and poor work satisfaction. Psychophysiological responses to other 
real-life stressors are illustrated by studies on urban commuting and noise. 

lEW: 
This paper addresses the stress by modern technology regarding work 
conditions, urban commuting and se. In broadest sense~ the study on 
commuting may prov; useful information in the area of can nement. For it 
was found that the pe ved of s for train passengers was 
a square function of the actual increase in the number of passengers. 
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TI 

DATE: 

SOURCE: 

AUTHORS: 

ABSTRACT: 

REVIEW: 

LI 

Solar Energy ia es its Effects 
on Hea lth and 

October 1977 

Sandia es, Engi ng Dil/, 

L, Young Lawrence III 

research and opment 
sis on the primary 

solar concentration systems, 
damage, We yet 

health hazards associated with solar 
receiver systems, but we are rapi y making 

This paper disucsses 
projects at Sandia 
health and safety 
This limiting hazard 
measure the un; 
energy collector 
progress. Research 
more extensive work 

is nuing, especi eye hazards. with 

As indi 
research was 
the reflecting 
damage was not 
LBL 

In addition 
also 
jects 
Solar 

generate el 
r conditioning. All 

description of the 
This paper should 
energy programs. 

(Author i s 
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LI I 

TI Measurement of Heat Stress - Kiowa and Musketeer Cockpits 

July 1977 

SOU N78 15686, AD A046388 

S. D. Livingstone. et a1. 

ABSTRACT: 
During hot summer weather at CFB Portage 1a Prairie, measurements were made 
of the heat stress experienced in the cock puts of the Musketeer aircraft and 
the Kiowa helicopter while stationary (not running) on the runway and during 
flight. Heat s occurred in both cockpi when closed, either on the ground 
or in flight. and could lead to dire physiologi strain in less than one 
hour. Use of air vents in the Musketeer rcraft did not completely ameliorate 
the heat stress and caused communi ion difficul because of wind noise, No 
difference was found between ambi stress and cockpit he stress when 
the Kiowa helicopter was own without its 

REVIEW: 
A greenhouse effect was produced in both aircraft when stationary and in the 
closed configuration. causing t temperatures exceeding lOOoF WBGT, al-
though the outdoor ambi temperature was 740 f WBGT. OF. This high 
temperature was reached 15 minutes on the tarmac~ 5 minutes after the 
doors were osed, The rapid rise in temperature would be a matter of concern 
if greenhouse systems are proposed as a method of solar heating, A similar 
study could be performed using an greenhouse system that would relate 
more closely to environmental conditions consi in the LBL study. 
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TITLE: 

SOURCE: 

AUTHORS: 

ABSTRACT: 

REVIEW: 

LI 

Human Performance - A Pilot Study 

April 1 

Journal IES~ April 1973. Paper presented at annual IES 
Conference July 24 - ,1 

J. F. McNelis. 

The primary objective of this investigation, undertaken at the 
request of the IERI9 is to develop experimental procedures and 
techniques studying overall human performance. The results 
of many studies on visual performance are available~ but 

vely few comprehensive es have been done on human 
mance. 

The study concerned sual perception as a in human 
performance; other factors being thinking and responding. 
The experimental procedure involved the rceptual accuracy of 
view; two sets lower case letters separated by 10 degrees 
and viewed at di levels contrast and background 
luminance. This study of visual perception is little impor-
tance to the LBl project since our concern with human performance 
is primari in the area of confined or semi-isolated working 
conditions. 
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LI 

TITLE: The Conduct and Experience of Miners Under the Acute Stress of 
Incarceration 

DATE: August 1977 

SOURCE: AD 8025874 

AUTHORS: W, Mende. et a L 

ABSTRACT: Eleven miners were impri soned for 14 days at a depth of 5Sm in the 
pit disaster at Lengede in 1963, 10 days they had no contact 
with the outside world whatsoever. Shortly after their rescue they 
were subjected to psychiatric and neurological examinations, The 
observational data obtained provide important indications for the 
occurrence of psychopathological phenomena (e,g, illusory perceptions), 
for social behavior in extreme situations and also for the question 
of the psychic endurance limit, The conduct and experience of these 
men ;s described with particular emphasis on the hallucinatory 
experiences of some of the miners, Particular weight is attached 
to the phenomenon of fear and defense against fear, 

REVIEW: Although this is an interesting account of the effects of isolation 
on a group of people, the nature of their experience makes it un~ 
suitable for the LBL project. The stress suffered by these men was 
due to the total darkness, their inability to escape, and the con~ 
tinuous threat of death by more cave-ins. The conditions of their 
confinement are not likely to present in an underground building, 
so there is nothing in this report that could be applied to the LBL 
project, 
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LBL LI REV I 

TITLE: The Effect i 4,5% on Vi gil ance 

DATE: September 1969 

SOURCE: AD 867113 

AUTHORS: Major p, S, Newberry, et al. 

ABSTRACT: Each of 18 subjects breathed of six gas mixtures (20%,45%, 
and 100% oxygen in nitrogen and the same three concentrations 
of oxygen, each wi 4.5% of dioxide in ) while 
performing a cl watching gilance test. There was no signi-
ficant effect on vigilance degradation with time attributable 
breathing the different gas mixtures. 

REV lEW: Thi s s was conducted 1 owi ng reports the effects 
breathing increased amounts C02 on rcrews at hi altitudes 
and when subjected to accelerated G forces. These reports indi-
cated that added prevented alkalemia high altitude, 
and decreased the negative effects of G forces on s. 
Because this study seems to concerned with of CO 
on aircrew under special conditions not likely to encountere& 
by the normal working rson, it is not applicable to the concerns 
of the LBL study. 
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TITLE: 

LI 

Physiological and Psychologi 
Cockpit Conditions 

DATE: 1978 

REVIEW FORM 

Effects of Heat Stress Simulating 

SOURCE: Aviation~ Space. and Environmental Medicine. 49(6):763-767 

AUTHORS: S. A. Nunneley. et aL 

ABSTRACT: 
Experiments were designed to determine the effects of thermal conditions similar 
to those occurring in aircraft cockpits in warm climates, where high air 
temperatures and radiant heat play important es. Thirteen subjects were 
exposed to heat for 2 hours~ had a 30-minute break. then repeated the exposure. 
Conditions were TOB ::: 350C and Twa :;:: 260 C. with or without infrared lamps which 
raised globe temperature to 470 C. Subjective Fatigue Estimates (SFE) and 
Repetitive Psychometric Measures (RPM) were performed before. during, and 
after each heat stress. Both thermal conditions induced marked subjective 
fatigue and altered the learning curve for some subtests of the RPM, Similar 
conditions in the aircraft can be associated with impaired performance. 
particularly in new or emergency situations. 

REVIEW: 

The results showed that radiant ng than IIregul ar u heat 
in the second exposure, that radient heat primarily the head and upper 
torso, and that water taken during the first recovery period aided in the 
recovery from heat stress. These were the only significant results that might 
be appli to the LBl project. 

E-141 



LI I 

TITLE: !)evel on Absorber 

DATE: October 

SOURCE: NASA Ames rch 9 CA, NASA-CR-l 

AUTHORS: p, s, 

ABSTRACT: A prototype 
to maintain 
Support Sys 

aL 

carbonate-bi i 
from the atmosphere of the 
support tern, 

The prototype sorber module was designed~ ~ and tes 

REVIEW: 

at simulated EVA ions, The 
concentration below 5 mm Hg, 
was 11 160 cycles 
cooling with no appreciable 
study was made th 
sorbent utiliza on, 
size of module, 
city nal 
for improvement 
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LI REVI FORM 

TITLE: Flight Prototype CO2 Humidity Control System 

DATE: September 1977 

SOURCE: NASA Space Center. NASA-CR-151591 

AUTHORS: Karen M, Rudy 

ABSTRACT: A regenerable C~ and humidity control system is presently being 
developed for potential use on shuttle as an alternative to the 
baseline lithium hydroxide (LiOH) system. The system utilizes 
a sorbent material (designated IIHS-C") to absorb C02 and water 
vapor from the cabin atmosphere desorb the C02 and water vapor 
overboard when exposed to a space vacuum. Continuous operation 
is achieved by utili ng two beds which are alternately cycled 
between absorption and desorption. A flight prototype system was 
fabrica , and system performance was proven by simulated mission 
testing over the full range of shuttle crew sizes and metabolic 
1 oadi ngs. 

REVIEW: This was a large technical on the prototype and 
humi ty con system. The inc1 discussions 
the ight prototype design, cation, and test; ; four appen-
dices on the system requi and components cations~ 
master plan, and HS-C ications; and a large number 
tables figures ill ng the design~ test phases~ and t 
results of the system. The document 1 written, and~ since 
it deals with C02 removal an enclosed environment, is i-

le to the lBL project, 
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LITERATURE REVIEW FORM FOR 
LANDSCAPE AND BUILDING MATERIALS 

(Section 8) 
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LBL LITERATURE REVI FORM 

TI Terrestrial Solar Engineering Appli 

DATE: Apr; 1 1978 

SOURCE: u, S. Army Foreign Science and Technol 
AST-1860W-l00-78 

AUTHORS: J.D. Bus i e 9 et a 1. 

ABSTRACT: 

ons and Technology 

Center 

This working paper prov; s U, S. military research and development 
organizations with a descri on and analysis of sign; advances made 
by free world and Eurasion Commun t countries in their efforts to employ 
solar energy in terrestrial applications, A further objective is to provide 
the basis for estimates, long-range forecasts, and threat assessments in 
this fi d in response to the technical requirements of U. S, military 
estimators, planners, and designators, 

REVI 
This survey of the foreign research and development in energy technology 
provides a bri description the es in the foreign country. 
The information is not detailed enough be pful to us, 
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LBL LITERATURE lEW FORM 

TITLE: The ar Reflectance of a Snow Field 

DATE: January 1 

SOURCE: N78 30575 

AUTHORS: B. J. Choudhury 9 a 1 . 

ABSTRACT: 
Using an approximation (modi ed Schuster-Schwartzchild) the radiative 
transfer equation is ved to obtain an exoression for the solar 
reflectance of a snow field. 

lEW: 
The sinale scatterina al and the fraction of enerQY back-scattered are 
the parameters in the reflectance expression. By varying the crystal size 9 

the effects of aging have been modelerl. Numerical results for reflectance 
are obtained for visible and near infrared. Good agreement is found between 
these results and experimental results obtained by OiBrient Munis 
(NASA-SP-391). 
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LITERATURE REVI FORM 

TITLE: Data Compilation of Target and Background Characteristics 

DATE: July 1966 - November 1969 

SOURCE: Defense Document Center; AD 489 968; AD 819 712; AD 840 091; 
AD 856 343; AD 379 650. 

AUTHORS: D, Earing, et a1. 

ABSTRACT: 
The data compilation is in five unclassi volumes. The data is composed 
of reflectance measurements in the .2 to 15 m region. polarization of the 
reflected light~ radar measurements from a wide variety of materials. They 
range from tree leaves to building materials to lng, 

REVIEW: 
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REV I FORM 

TI E Angular Vari on on Terrain Spectral Reflectivity 

DATE: 

for Research g Inc. 
University of Kansas 

AUTHORS: D. D. Egbert, et 131, 

ABSTRACT: 
This paper develops and tests a practical and inexpensive technique for 
obtaining spectral reflect; curves in the visible and near infrared 
regions for any desired type target; as a function sun altitude angle g 

incidence look angle. and the azimuth e, 

REVIEW: 
Th i s paper is 
A geographi c 
c.arried out. 
asphalt and 

about sensing missions with mul -band photography, 
mapping roads from multi-spectral space photographs is 
reflectance curves, as a function of angles~ is given 

A Minolta ,0 Autospot Light Meter was 
narrow band absorption filters to obtain 
curves over the 400 to 800 nm region. 
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LBL LITERATURE 

TITLE: Solar Heating and Cooling 

1977 

SOURCE: Hemisphere Publishing Corporation 

AUTHORS: J. F. Kreider 9 et al. 

ABSTRACT: 
Engineering, practical design economics of solar heating and cooling. 

lEW: 
This book has data on therma properties building materials. 
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LBL LITERATURE REVI FORM 

TITLE: Princi ples of Heat Transfer 

DATE: 1 

SOURCE: 010r - Oonnel1ay Publ isher 

AUTHORS: F. Kreith 

ABSTRACT: 

Principles heat transfer text book. 

REVIEW: 
This book has data on thermal properties of building materials. 
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LBL LITERATURE REVI FORM 

TI Red and Near-Infrared Spectral Reflectance of Snow 

DATE: March 1 

SOURCE: N75 24085, AD ADOl 

AUTHORS: H. W. O'Brien, et aL 

ABSTRACT: 

The spectral reflectance snow from .60~ to 2.50~ was measured. Measure-
ments were taken at angles from 50 to 300 from the normal th incident 
angles of 00 to 100 . 

REVIEW: 

In the visible region~ new snow shows very high reflectance (nearly 100%). 
This is decreased to 80% by aging either by melting and freezing 
or by wind compaction. 

In the near-infrared, the reflectance of new snow decreases rapidly with 
increasing wavelength with the exception a peak in the region around 
1.8 ~m and one around 2. ~m. Aging snow decreases those two regions 
drasti ly. The results indicate that reflectance is strongly effected 
by changes in particle size and density due to aging. 
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LBL LI FORM 

T I Eva 1 ua ti on a Low 'tty Po lyim; de Foam ina Dynami c Hi gh 
Temperature Environment 

DATE: December 1 

SOURCE: N78-1 3~ NASA TP 1049 

AUTHORS: c. M. Pittman, et a L 

ABSTRACT: 
A low-density kg/m3)~ polyimide foam mater; was tested in an arc 
tunnel to determine its potential for heat-shi d application on aerospace 
vehicles. The resul show that the mater; has some reuse potential at 
surface temperatures as high as 750 K (0. cm recession in 12,000 sec). 
When a black refractory paint was applied to the surface of the material, 
the surface recession was negligible at 750K. An analytical thermal con
ductivity was derived for this material which, combined th measured 
thermal property values~ can be used to make preliminary-design thickness 
calculations for heat-shi d applications. 

REVI 
This material is high temperature appHcations such as a heat 
shield on a space vehicle. Its usefulness for solar systems and buildings 
is probably very limited cost. 
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TI Handbook 

19 

Edited 
(Univ. 

II FORM 

Heat 

ill Inc. 

W. M. Rohsenow (MIT) and J. P. Hartnett 
n 1 is) 

Handbook of heat transfer. 

I 
This 
Ta e 

has on thermal es of building materi s in 
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LBL LI FORM 

TI Parameter Study on Thermal Properties of Buildings 

DATE: 1 

SOURCE: Proc. Intern, . on Energy Use Management 9 

Tucson~ Arizona, October 1977, 

AUTHORS: M, F. Simon 9 et 

ABSTRACT: 
In 1915 9 heating in buildings consumed 35 percent of the French total 
primary energy needs. Therefore thermal insulation in buildings is one 
of the most important vector for energy conservation policy in france. 
Since 1965 ectrici de france" started to recoll1T!end insulation 
practice with its ectric space heating systems, and todaY9 no 
contradiction occurs with the law edicted in 1 by french government. 

This paper describes the different thermal parameters which have to be 
considered in buildings and explains an optimi ion method wl'li can 
help the building contractor during the different stages of the building 
design. 

REVI 
Not a discussion of technology but rather a mathematical optimization 
technique. 

Shoul d consi nal 
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II I FORM 

TI Solar Energy System - Survey Materials Performance 

October 1977 

PB 273 305 

AUTHORS: L, F, Skoda, et ale 

A study was performed to obtain data on the performance of materials in 
operational solar energy systems, to identify and assess available standards 
for evaluating materials. to prov; recommendations for the development 
of test method standards for materials to provide guidelines to aid 
the sel on of materials for use in ar energy systems. 

lEW: 
The process ng materials for specific appli ons within solar 
energy systems is hindered by the 1 of an adequate data base of materials 
performance under the conditions experi in solar systems and subsystems. 
Recommendations are made that would help in establishing an improved data 
base. Studies of material properties are proposed. are suggested. 
However. this report only recommends an approach to acocmplish the objective 
but does not provide data on material properties. etc .• which we need. 
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LBL LI REVI FORM 

TITLE: Extrusion of Self Reinforced Thermoplastic Composites 

DATE: January 15,1978 

SOURCE: N78-19215 

AUTH A. E. Zachariades. et a1. 

ABSTRACT: 

A method is described for solid state coextrusion of self-reinforced and 
transparent composites of high density polyethylene composed of core and 
sheath phases. The high density polyethylenes are coextruded below their 
melting points. The cocylindrical composites have a high tensile modulus 
and strength, a high or; on for both core and sheath components and 
possess considerable resistance core/sheath separation. This resistance 
to pullout due to compressive and radial stresses developed during the 
composite coextrusion and not to bonding by epitaxial crystallization. 

REVIEW: 
The method coextrusion is interesting but does not have direct relation-
ship with this stuQy. 
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LITERA TURE REVIEW FORM FOR 
MEASUREMENT AND DIAGNOSTIC TECHNIQUES 

(Section. 9) 
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TERATURE REVIEW 

TI Use of Control Technique in the Development of A Constant 
Temperature Hot-Wire Anemometer, Part I 

DATE: June 1963 

SOURCE: AO-910 896 

AUTHORS! E. Berger et al, 

ABSTRACT: 

REVIEW: 15 old report by German government laboratory (German equivalent 
of NASA). In view of its age and relative accesibility~ results 
of work are probably known to more recent researchers. Therefore 
this report is not worth transl ng into ish and studying 
during the technology ew, 
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LBl TERATURE FORM 

TI Anwendung Der Regeltechn;k Be; Entwicklung Elnes Konstant
Temperatur-Hitzdrahtanemometers 9 Teil 11*(1n German) 

DATE: Augus t 1963 

SOURCE: AD-910 a91 

AUTHORS: Eo Berger9 a1. 

ABSTRACT: 

REVIEW: 15-year old report by German government laboratory (German equivalent 
of NASA). In view of its age and relative accessibilitY9 results 
of work are probably known to more recent researchers. Therefore 
this report is not worth translating into English and studying 
during the technology review. 

* Use Control Technique in the Development of a Constant 
Temperature Hot-Wire Anemometer. 
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LBL LITERATURE REVIEW FORM 

TITLE: Sunstations 

DATE: 4 June 1977 

SOURCE: Solar Energy. 20. 465 

AUTHORS: Berman. et a1. 

ABSTRACT: 

A method of obtaining ins.ulation data is described which provides information 
directly useable in the sizing of solar equipment. The method is particularly 
valuable for the collection of data at a large number of sites where equip
ment cost and availability of technically trained personnel are critical. 
The device consists of a calibrated solar cell. and electrochemical accumulator 
and associated e~ectronie equipment having the following eharae sites: 
capacity 13 GJ/m (3600 kW hr/m2); temperature range -55 to +71 oC; low cost; 
no field maintenance; reproducibility ~5 percent. 

REVIEW: 
Good Points: Good explanation of electrochemical conversion process and 

how it interfaces with the environment and the recording 
device (schematical ). Obviously applicable to our 
measurement section of report. It is a device which integrates 
Power x dt for a given peri of time, so it is not directly 
a rate measuring device. 

Negative: Ooesnit have good physical description. Total energy meter, 
not rate meter (as menti above) though this is not 
necessarily a drawback. 

This is not aerospace technol 

Possibly follow up on where device can actually be obtained, 
otherwise the information will be useful for our report 
(in any case). 
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TITLE: 

DATE: 

SOURCE: 

AUTHORS: 

ABSTRACT: 

LI 

Application of Pul 
Methane at OF laser 

December 1976 

c. w. Bruce s a1. 

• 15 ~ 

Spectrophone 
engths 

Absorption 

As part of a larger program i fy absorption atmospheric gaseous 
constituents OF laser wavelengths~ pulsed~source spectrophone measure
ments of methane absorption coefficients were made and compared with 
measurements made in other laboratories. 

REVIEW: 
appear to n mater; relevant to windows and lighting 

1s not worthy of further study during the technology 
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LBL LI I FORM 

TI TLE: Appli cat; ons of Thermal Imagery for Energy Conservation 
and Envi ronmental Surveys 

DATE: Mi d 1976 

SOURCE: N78-14603 

AUTHORS: J. R. Carney, et al. 

ABSTRACT: 
This report documents the results of a U. S. Government interagency study 
designed to determine the feasibility of using remote sensing technology to 
reduce the number of manhours currently required for energy conversation and 
environmental surveys, The survey procedures, developed during the winter 
and summer of 1976, employ color and color infrared aerial photography, 
thermal infrared imagery, and a handheld infrared imaging device. The resulting 
imagery was used to detect building heat losses, deteriorated insulation in 
built-up type building roofs, and defective underground steam lines. The 
handheld thermal infrared device, used in conjunction with the aerial thermal 
infrared imagery, provided a method for detection and locating those roof 
areas that were underlain with wet insulation. In addition~ the handheld 
infrared device was employed to conduct a survey of a U. S. Army installation1s 
electrical distribution system under full operating loads, This survey proved 
to be a cost-effective procedure for detecting faulty electrical insulators 
and connections that if lowed to persist could have resulted in both safety 
hazards and loss in production. 

The or and or infrared a1 photography ded in the interpretation 
of the thermal in imagery~ provided a baseline of environmental conditions 
for future compa son, and provided a means to detect environmental problem 
areas. 

The report also di scusses the most cient image scales and time of image 
acquisition~ concludes that ng technol can reduce the cost 
and time red ene and environmental su 

REVIEW: 

This report ces W. L. Wolfe~ Handbook of Military Infrared Technology, 
Office of Naval Research. Department of Navy, 1965. This contains emissivity 
data on various man-made materi s~ such as asphalt, concrete. window glass, 
steel~ etc. Indicates that reliable and effective measurements can be 
made from the air (using I determine losses through roofs, wal1s~ 
etc. Also heat leaks from (underground steam pipes. electrical 
power lines, etc.). 
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LBL LITERATURE lEW FORM 

TITLE: The Use of the NTC Thermistors for Measurement 
and of Wind Speed 

DATE: June 1977 

SOURCE: Royal Aircraft Establishment Library Translation 1916 

AUTHORS: Trans lated by Barbara Crossl and 

ABSTRACT: 
A method of measuring solar radiation and the Georgi pyrheliometer are 
discussed. By using negative temperature coefficient (NTC) thermistors 
a simpler more rugged pyrheliometer may be designed. The article so 
contains a second section which discusses the measurement of wind velocity 
with a NTC thermistor. 

REVIEW: 
The Georgi pyrheliometer utilizes the non-equilibrium variation temperature 
with time of a small copper ock which is heated by the sun. An equation 
is given to find the radiation intensi 

An equation is given9 which when plotted~ shows the linear on over 
temperature for different value resistors ( in paper). A rcuit diagram 

a Georgi pyrheliometer is given. The design of a copper block is shown 
with the NTC thermistor mounted. The second section which discusses the 
measurement of wind oci was not reviewed because of its irrelevance. 



LITERATURE FORM 

TITLE: AbsOI~ption Coeffl cient Measurements of Nitrous Oxi de and 
Methane at DF Laser Wavelengths 

DATE: 15 March 1975 

SOURCE: A~plied Physics Lette~~ Vol, 26~ 300 

AUTHORS: T, F, Deaton 9 et a 1 . 

ABSTRACT: 
The absorption coefficients for methane and nitrous oxide have been 
measured at 17 DF laser wavelengths in the region of 3,8 ~m using a 
spectrophone, Concentrations of the absorbing gases very near their 
atmospheric concentrations were used. The absorption coefficients for the 
two gases at standard sea level atmospheric conditions are presented, The 
spectrophone device developed for this work is a differential cell which 
produces an equivalent absorption background signal of only 3.3X10-7 m-1/W. 

REVIEW: 
Does not appear to contain material relevant to windows and lighting and 
therefore is not worthy of further study during the technology review, The 
data in this paper are already summarized in the literature review contained 
in the report by Kallis, et 31. the paper also is ted in Pao's book. 
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LITERATURE REVIEW FORM 

TITLE: Aerial Infrared User1s Manual 

DATE: August 1978 

SOURCE: D.O.E. Report No. HCP/M4161/D 

AUTHORS: M. J. Dick, et a1. 

ABSTRACT: 
The handbook covers most of the major points involved in implementing an 
aerial IR survey. Its intent is disseminate information to those who 
are considering such a survey. Data collection and processing, program 
evaluation are considered. Example programs are included for comparison 
and suggestion, 

REVIEW: 
This report demonstrates the feasibility of an aerial IR scan in 
order to determine possible heat leaks in houses and businesses. Its 
technical content is negl; ble. 
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LBL LITERATURE lEW 

An Improved Anemometer for Room Air Measurements 

August 1976 

SOURCE: N78-14378 

AUTHORS: 0, J, Di ckson 

ABSTRACT: Following a brief discussion of methods of measuring air velocity. 
a heated thermistor anemometer developed at ECRC for room air 
measurements in the range 0,02 to 1 m/s is described, Unlike 
existing cooling-effect anemometers, the calibration is independent 
of ambient air temperature in the range 100C to 250 C, Calibration 
procedures are described. Directional dependence is minimized 
by appropriate design of the sensing probe, 

REVIEW: This report discusses air velocity measurements~ heated-thermistor 
anemometers. probe desi ~ calibration, directional characteristics 
and performance. It appears very to LBL and therefore warrants 
further study duri the technol 
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LBL LITERATURE REVIEW FORM 

TITLE: Static and Dynamic Calibration of a Discharge Anemometer 

DATE: December 1 

SOURCE: N 2; AD-A040 038 

AUTHORS: 

ABSTRACT: 

REVIEW: 

F. H. Durgin, et a1. 

A Corona scharge Anemometer (CDA) which is to be used in some balloon 
experiments designed to measure clear air turbulence, was tested in 
the Wright Brothers Wind Tunnel at the Massachusetts Institute of 
Technology. First a modified version of the ansmometer commercially 
made by Thermo Systems Inc. was tested statically to determine its 
sensitivity, its ability to resolve the x and y components 
velocity and the effect of out of plane flow on its sensitivity. 

This report discusses MIT tests of a commercially made CDA. It 
discusses aerodynamic noi~ generated by device and design 
modifications that essentially eliminated this unwanted noise. 
The data might be useful for future velocity and turbulence measure
ments of interest to LBL and therefore is worth further study in the 
technology review. 



LBL LITERATURE REVI FORM 

TITLE: Flir Systems Today 

DATE: 2 - 5 April, 1974 

SOURCE: 2nd. European Electro-Opti cs Markets and Technology 
Conference, Montreux, Switzerland 

AUTHORS: Co W. Ferguson 

ABSTRACT: 
FLIR systems have evolved since 1964 to the point that they represent a 
proven extension of man's sensory perception. Understanding of the technologies 
relevant to this sensory extension has also developed to an advanced point. 
For each generic application of thermal imaging there are peculiar tradeoffs 
relative to detectors, image formation, signal processing, and display, While 
in the past FLIR has been added to existing systems. today systems are being 
designed to best exploit the capability of FLIR, Improved performance and 
increased reliability have made feasible new applications of thermal imaging. 
Cost however remains to be reduced before many of these new systems will 
find wide acceptance. Techniques do exist to significantly reduce FLIR 
cost without sacrificing performance. All of this will be discussed and 
FLIR imagery will be shown to validate many points. 

REVIEW: 
Application to LBL report: 

Good points: A IIl ow cost" FUR system (8-12k$) is available with present 
technology and production techniques, Such a system can 
detect a man-sized obj at 1 km and recognize a man at 
500m. Possibly at closer ranges ( 100m max) we should 
be able to detect temperature anomal several inches 
size, This d be useful for measurement of heat loss, 
etc, from structure. 

Negative: Qualitative only and very general. 11m not sure how if we 
could get specific enough i to make this useful to LBL, 
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LBL LITERATURE FORM 

TITLE: A Double-Beam Recording Instrument for Measurements of the Spectral 
Transmission of the Atmosphere in the Infrared 

DATE: April 1 

SOURCE: Atmospheric and Oceanic Physics~ Vol, 8 

AUTHORS: Lu, S. Georgierskii~ et aL 

ABSTRACT: 
A brief description of a double beam infrared spectrometer for atmospheric 
transmission measurements is given, Measurements from 5000 to 400 cm-1 
may be made using automatically interchangeable NaCl~ KBr. and LiF prisms. 
The unit also allows transmission measurements on ground and slant paths, 

REVIEW: 
\ 

The behavior of the 100% line in response to the inevitable misalignment 
of the mirrors 1s studied, Some graphs of atmospheric transmission are 

ven for both slant and horizontal path measurements. A reproducibility 
analysis i cated that the device is capable of recording relative-trans
mission spectra on horizontal paths with an error no greater than 5%~ except 
when the radiation from the measuring stop becomes a large factor, The 
art; e is short, only giving a brief description of the unit, For 
further information, the instruction manual of the UR~20 may be referenced, 
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LI FORM 

TITLE: Thermoelectrically-Cooled Infra Imagers 

DATE: 1978 

SOURCE: PSIE Volume 132, Utilization of Infrared Detectors 

AUTHORS: \~, Grant 

ABSTRACT: 
The attractions of using thermoelect c (TE) coolers in IR imagers. as 
compared to cooling with either a Joule-Thomson cryostat or mechanical 
type refrigerator. are their relative light weight. low life cycle costs, 
and excellent reliability, The vitality of TE technology derives from a 
coinci dent maturati on in three II su b-technol ogies ": TE cool ers. Intermedi ate
Temperature-Operation (ITO) detectors. and integrated focal plane electronics. 
TE coolers are available which provide 30-50 mil1iwatts cooling power at 
195 K using less than 3 watts of input power, Small-geometry detectors 
sensitive to 3-5 micron radiation are thermal noise limited when operate?, 
above 170 K but still exhibit respectable detectivities of near 1,0 x 10 
cm-Hzl/2/W at 193 K, Large detector arrays with integrated focal plane 
signal processing are now being oped which will improve system 
sensitivity beyond that of our first-generation devices, This paper 
briefly reviews the status of TE coolers, ITO detectors. and focal plane 
electronics, and presents the problems and trends in TE technology. 

REVIEvJ: 
The thermoelectric cooling technique is excellent for very small heat 
load, It does not appear practical for home use. 
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LBL LI REV I FORM 

TI High Accuracy Sun Sensor 

DATE: August 1 

SOURCE: N78-11375 

AUTHORS: A. Hammerschlag, aL 

ABSTRACT: The aim of the reported work was to arrive at a system definition 
for a high accuracy sunsensor intended for the pointing advanced 
instruments for solar research. This work has been carried out in 
two steps. In the first part of the study (phase lA) several 
principles on which the sensor could be based were investigated and 
compared. In second part (phase 18) selected concept was 
analyzed in more detail and an appropriate design undertaken. 

REVIEW: This report is not relevant to the lBL windows and lighting and 
passive solar programs and therefore does not warrant further 
study during the technology review. 



LBL LITERATURE REVI FORM 

TITLE: Development of a Thermistor Anemometer for the Measurement of 
Air Velocities in Ventilated Rooms 

DATE: 1974 

SOURCE: N75-26358 

AUTHORS: L, Hardeman 

This paper describes a thermistor anemometer which is being developed for 
use in full-scale tests for the determination of air flow conditions in 
various premises, In order to make possible computer processing of the 
test readings, a general mathematical expression has been derived, The 
document also gives instructions for calibration and a description of the 
measuring equipment used, 

REVIEW: 
It looks like +10 percent accuracy can be obtained with this thermistor 
anemometer for-now speeds as low as 28 fpm (0.14 m/s), It was designed 
primarily for indoor use but would seem to be applicable to convection 
flow speeds on the outside of windows and walls if the flow speeds are 
high enough. 
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LITERATURE REVIEW FORM 

TITLE: Infrared Thermography Requirements Study for Energy Conservation 

DATE: April 19 

SOURCE: DOE, ERDA Report No. CONS/2109-1 

AUTHORS: R, B, Headl ey. et a L 

ABSTRACT: 

A study was performed for ERDA which ineates the thermography and 
measurement requirements necessary make IR thermography (IRT) a viable 
technique for energy conservation works building codes, potential use and 
demonstration opportunities, and current IR technology are all considered, 

REVIEW: 

This is an excellent report~ particularly as far as IR technology is concerned. 
It supplies in one sweep much of the data needed to understand the advantage 
and limitations IRT in large-scale type use energy conservation. 
Though report is as vast in scope as the entire windows and lighting 
survey, it can probably supply crucial technical information. 



LBL LITERATURE REVIEW FORM 

TITLE: APT Pointing Assembly Thennal Blooming Investigation Volume 1-
Gas Investigation 

DATE: August 1976 

SOURCE: Hughes Aircraft Co. Report No. P76-322 

AUTHORS: J, M, Kall is, et a1, 

ABSTRACT: 
The absorption coefficients of gas samples taken from the Airborne Pointer 
Tracker pointing assembly at C02 laser lines in the wavelength range from 
9.3 to 10.6wm were measured witn a spectrophone that is sensitive to absorption 
coefficients as small as approximately 10-8 cm-1. Published data on the 
absorption coefficients of the gas constituents of interest at infrared 
laser lines in the wavelength range from 3 to 12 wm were also reviewed and 
correlated with the experimental results. 

lEW: 
Describes gas sampling techniques and mass-spectrometer composition-measure
ment techniques that are sensitive to concentrations as small as approximately 
1 ppm. Compares absorption-spectra measurements by IR spectrometers (wave
length range 3-23 wm, sensitivity 5 x 10-7 cm-1) with those by spectrophones 
(individual laser lines. sensitivity 10-8 cm-1). Contains extensive 
1 iterature search of IR absorption coeffi ci of atmospheri c constituents 
and various impurities. Worthy of further study during technology review 
because of possible interest to aspects of windows and lighting 
programs. 
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LBL LITERATURE REVIEW FORM 

TITLE : Sol ar Energy Meter 

DATE: September 1 

SOURCE: N78 1 

AUTHORS: R. M. Masters 

ABSTRACT: 
An instrument was developed to continually integrate the enrgy available 
in incident light on a specifically oriented surface. The unit was designed 
for outside use in remote locations and is capable of operation over a 
temperature range of to +600 centigrade with good accuracy. The unit 
is weather resistant g requires low power, has a high input i~edance§ is 
inexpens;ve$ and has a visual readout and an analog output for recording. 

REVIEW: 
Good Points: ce receives and integrates total solar energy received g 

Negative: 

but in principle can be easily tered to integrate any 
kind of energy received (thermal, wind§ .) with the 
proper sensor. 

lacks good description physical construction but ures 
are included which help. 

Relates to measurement devices needed in lBl report. Use 
this i for our report§ particularly if ways can be 

ned to use it with other sensors. 

Again§ lacks physical device description. 

This 1s not necessarily aerospace technology~ but coming from 
NASA it could have originally been designed for satellite 
data acquisition. 
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LBL LI REVI 

TITLE: Laser Absorption Studies 

November 1975 

SOURCE: AD-A018 900 

AUTHORS: F 0 So Mi 11 s , a 10 

ABSTRACT: 
This report covers progress on the various tasks which comprise the subject 
research program. These tasks include OF laser measurements for HOO and H20 
absorbers and CO2 laser absorption measurements on the P(20) and R(20) lines. 
Additional topics include spectrophone calibration techniques 9 improvements 
in calculation programs and design of CO, CO2 and OF probe lasers. 

REVI 
Does not appear to contain mater; relevant to windows and lighting and 
therefore is not worthy of further study during the technology reviewo The 
data in this paper are already summarized in the literature review contained 
in the report by Kallis~ et a1. 
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LI I FORM 

TI In Thermography of Buildings 

September, 1977 

SOURCE: AD A044942 

AUTHORS: R. H, Munis, et. 

ABSTRACT: 
An interior, infrared thermographic survey of single-pane, aluminum-frame, 
projected windows was performed to pinpoint locations of excessive infiltration. 
Infrared thermographic inspection accomplishes this more quickly and more 
accurately than conventional techniques studying window infiltration. This 
report presents thermograms and photographs which in many cases dramatically 
illustrate infiltrations (1) around the mullions, (2) along the top opening 
cracks, and (3) under the frame/sill interfaces. Poor glazing seals were easily 
detected the exact points of glass/frame leakages were pinpointed. Plumes 
of warm air on the window glass, rising from the convectors, were dramatically 
captured by the infrared camera system. In several cases, the plumes were 
noted 12 ft. above the convectors on the top window panels. Heat loss from 
the convectors was noted through the walls of the building in thermograms taken 
from the outside, Several recommendations were prepared for the General Services 
Admin;stration~ owner this Federal Office Build; in Burlington, Vermont. 

REVIEW: 
This report contains some 
camera was successful 
measured very easily 
(actual air leaks around wi 
outside the test bUll ng. 
showed that 1/4 inch 
ment over single pane wi 

useful information. An AGA Thermovision IR 
show that heat losses through windows can be 
vely, particularly "infiltration" heat loss 
. Measurements were made from both inside and 

Also was made to ier CRREL work which 
in windows did provide reasonable improve-

, but that to 1-1/4 inch gaps d. 
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LBL LI REVI FORM 

TITLE: Optoacoustic Spectroscopy and Detection 

DATE: 1977 

SOURCE: Academic Press, New York 

AUTHORS: y, H, Pao (ed,) 

ABSTRACT: 
This book is an introduction to optoacoustic spectroscopy and consists 
of 8 articles: 1) physics of signal generation and detection, 2} energy 
transfer mechanisms, 3) design of optoacoustic systems, 4) tunable 
radiation sources in the UV and visible spectral regions (0,' - 1.0 ~m), 
5) tunable IR laser sources for optoacoustic spectroscopy, 6) IR optoacoustic 
spectroscopy and detection, 7) photoacoustic spectroscopy of gases in the 
visible and UV spectral regions, and B) solid state photoacoustic spectroscopy, 

REVIEW: 
According to Dr. D, A. Depatie of the Air Weapons Laboratory, this 
book is the most up-to-date reference on photo-acoustic techniques, It 
contains references up to 1976. I recommend studying this book during the 
technology review, telephoning some of the chapter authors, and possibly 
reading some of the references cited i the book. 
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LBL L! REV! FORM 

TITLE: Subtle Source Contamination in Spectrophones 

DATE: December 1976 

SOURCE: Applied Optics, Vol. 15, pp. 2974-2976 

AUTHORS: J. C. Peterson, et a 1 . 

ABSTRACT: 

On occasion, an apparent contaminant in gas samples has interfered 
with spectrophone absorption measurements. The source of the contamination 
was traced to a uid ot clean a mirror in the spectrophone system. 
This cleaner, primarily methanol (CH30H), has a strong absorption in the 
lO-~m spectral on. This investigation indicates that extreme caution 
must be taken in selecting a cleaning uid to ensure that the cleaner does 
not interfere with the experiment. 

REVIEW: 
The result this paper are consistent with those Kallis, et al., who 
concluded that freon 113 ( y used as a solvent and cleaner) can 
contaminate a gas e sufficiently cause significant IR absorption. 
The on, et al., paper is therefore worthy of further udy during 
the technology review because its applicability to high-sensitivity 
measurements of the type of interest to the windows and lighting programs. 
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LI FORM 

TI Preliminary Design Package for RS600 Microprocessor Control 
Subsystem 

DATE: January 1978 

SOU N78 24611, DOE/NASA CR-150528 

AUTHORS: Rho Sigma~ Inc, 

Rho Sigma, under NASA/MSFC Contract NAS8-32256, is developing three identical 
microprocessor control subsystems which could be used in heating, heating 
and cooling, and/or hot water systems for single family. multi-family, or 
commercial applications, The controller is to incorporate a low cost, highly 
rel"iable (all solid s ) microprocessor which can be easily reprogrammed, 

The report contains the information necessary for the evaluation of the 
preliminary design of the subsystem, Included are the Verification Plan, 
Hazard Analysis, Specifications and other information helpful in the 
evaluation of the preliminary design. 

REVIE\4 : 
The concept of using a microprocess control heating and cooling of a 
building is very attractive. This approach can conserve energy if the 
problems associated with using this technique can solved. 
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LBl lITERATURE REV I 

TI Photoacoustic 

SOURCE: 

AUTHORS: 

1918 

Advances in Electronics & Electron Physics s Vol, 46~ 
l. Rarton (ed.)~ pp. 207 - 311. 

A. Rosencwaig 

ABSTRACT: This review article consists of 10 sections: 1) introduction, 
2) early his the photoacoustic effect, 3) photoacoustic 
effect in gases§ 4) theory of the photoacoYstic effect in solids s 
5) theory of the photoacoustic effect in liquids~ 6) experimental 
methodology, 7) photoacoustic spectroscopy in physics and chemistry, 
8) photoacoYstic spectroscopy 1n biologys 9) photoacoustic 
scopy in medicine, and 10) future trends. 

lEW: This art; e complements the book edited by Pao and was written 
by the author of one of the articles in Pao1s book. contains 
references up to 1978, whereas Pao1s book contains references only 
up to 1976. The book appears worthy of further study during 
technology review. 

E-184 



LITERATURE I FORM 

TITLE: Radiation Absorption Measurement System 

October 1978 

SOURCE: Industrial Research/Development~ p. 116 

AUTHORS: H. Schlossberg 

ABSTRACT: A new measurement system has been developed for measuring ultralow 
levels of bulk and surface absorption in a solid material in any 
wavelength region where a coherent radiation source is available. 
The system uses acoustic transducers mounted directly on the specimen 
to measure the periodic heating of the sample upon absorption of a 
chopped input beam by means of the photo-acoustic effect, The 
system price is approximately $5~OOO plus laser. 

REVIEW: This system has been used extensively for the evaluation of potential 
window materials for high-energy lasers. It also can be used for 
studying bulk and surface properties of mater; s in the uv through 
non wavelength range, This system may be valuable to the LBL window 
program and therefore is worth further study in the technology review. 
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TITLE: 

LBL LI REVIEW FORM 

Soil Moisture Sensing with Aircraft Observations 
Diurnal Range of Surface Temperature 

January 1 

SOURCE: N 19564 

AUTHORS: T. Schmugge~ et a1, 

ABSTRACT: 

the 

Ai observations of the surface temperature were made by measurements of 
the thermal emission in the 4 pm band over agri tural fields around Phoenix, 
Arizona. The diurnal range of these surface temperature measurements were 
well correlated with the measurement of soil moisture in the 0-2 cm 
layer, The surface temperature observations for vegetated lds were found 
to be within 1 or 20 C of the ambient air temperature indicating no moisture 
stress. These results indicate that for clear atmospheric condi ons 
remotely sensed surface temperatures can be a reliable indicator soil 
moisture conditions and crop status. 

REVIEW: 
This thermal emission moisture measurement technique maight be useful 

r determining the moisture content of yards in residential areas, e.g., 
or for measuring moisture on roofs of houses~ thus supplying information 
val e in energy conservation analysis and predictions. We should look 
into this function (if possible) for our windows and lighting report. 
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LI I 

TITLE: Reliability Screening Using Infrared Radiation 

DATE: October, 1966 

SOURCE: AD 642112 

AUTHORS: B. Selikson, et. a1. 

A program was conducted to determine the ibility of developing a process 
whereby transistors which have a high probability of failing during their operating 
lifetime can be screened from a lot of similar but reliable transistors on the 
basis of their infrared output while operating under normal electrical conditions. 
The program was based on the design of a process whereby very large numbers of 
units could be screened in a short amount of time. The experimenta~ procedure IS 
detailed. A full discussion is included of the mode of operation of the primary 
investigative device, an evaporographic imaging camera, and difficulties experienced 
with this device are detailed. Many refinements in infrared measurement techniques 
and methods were made. Operating life conducted using both normal transistors 
and infrared "glowers" show a greater percen of failures among the glowers than 
among the normal units. The Evaporograph is compared as an infrared microscope 
to both a bolometer detector infrared microscope and an indium antimonide detector 
infrared microscope. Microscopic scanning investigations of transistor and 
integrated circuit structures are described, use of an X-V recorder to display 
results is described. Infrared measurement of case temperature and correlation of 
this measurement to thermal resi characteristics determination of heat 
loss mechanisms by infrared means are so included, Comparison of infrared 
results with further 1i t studies was undertaken. Failures from all life 
tests were analyzed, and a discussion failure analyses has been included 
herein. A screening effie; i culated as a result of these 
studies, for which the deri 

REV IE~J: 
This paper seems mostly useless the ndows and lighting project, except 
that it points out that emissivity fferences a ceable role in apparent 
temperature measurement (a non-negli e e). 
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LBL LI REVIEW FORM 

TITLE: Remote Infrared Spectrocopy the Earth 

DATE: 1 

SOURCE: N78-14543 

AUTH C. R. Stei nmann 

ABSTRACT: 

An airborne IR laser spectrometer was used remotely sense surface minerals 
by measuring the reflectance of a CW C02 laser. Measurements were made in 
the 8 - 12 ~m atmospheric window, 

REVIEW: 
A tunable C02 laser operating between 9.1 and 11.6 ~ was used to illuminate 
the earths surface from an aircraft, By heterodyne detection~ the ection 
signatures surface minerals were measured. Reflection curves for several 
minerals are included. It was found that most of the rock forming minerals 
and clay minerals could be determined by is method, Further work using 
differential spectrocopy was proposed, 
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LBL LI I 

TITLE: Solar Energy and the Heat Pump in a Northern Climate 

DATE: 

SOURCE: N78-27583 

AUTHORS: R, Stewart, et a1, 

ABSTRACT: The Alumni House-Conference Center (AHCC) on the campus of the State 
University of New York at Albany, combines 2300 sq, ft, of copper 
solar panels with a water-to-water heat pump, an air-to-water heat 
pump, an electric boiler and two eight thousand gallon storage tanks, 
The building is instrumented to provide data for the time variant 
electric power demands, the impact of meteorological variables, 

REVIEW: 

peak storage capabilities, the efficiency of the solar panels, co
efficient of performance of the heat pumps and the heating system 
performance factor, Computer simulations of the heat budget of 
the AHCC have been prepared and veri d, A series of economic 
analyses provide Return on Investment comparing the air source 
heat pump to the solar assisted water-to-water heat pump and using 
a base case of electric heating peak shaving. Incremental costs 
are included but the peak saving capability was not tested. 

Computer analysis~ unverified~ indicates that the air source heat 
pump has a higher COP than the solar assisted water-to-water heat 
pump, The solar system, however, during peak winter operating 
conditions provides 33% of the heating load of the AHCC, 

Section 5 (Data Acquisition and Analysis Procedure) of this report 
describes the data acquisition system and sensors used. This 
information is worth further study during the technology review, 
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LBL LI REV I FORM 

TI Survey of Anemometers 

March 1 

SOURCE: AD-A040 649; N7 7 -30 

AUTHORS: R. J. Stone, et al. 

ABSTRACT: A survey of the field of anemometry was made to assess recent 
advances in instrumentation. The purpose was to find commercially 
available wind systems which d replace~ on a cost-effective 
basis, the F420C wind system which is presently used by the FAA 
for aviation observations. 

A search the pe nent literature for the past ten years was 
conducted. Over 30 manufacturers wind sensing equipment were 
contacted, and discussions were held with research groups who have 
used the new generation equipment in ld studies. It was found 
that most of the advances have resulted in lower starting speeds 
and greater instrument bandwidth, nee much of the recent meteoro
logical effort has been directed twoard micro-meteorological 
(turbulence) measurements. While ruggedness, reliability, and 
range necessary aviation use have not been primary considerations 
of manufacturers, there are several commercially available wind 
systems which could replace the F420C on a effective basis, 

It is recommended that: (1) for the near future~ anyone several 
suitable cup and vane or propeller on a vane wind systems be used 
for aviation purposes; (2) the vortex wind sensor mounted on a vane 
be thoroughly field tested; and (3) that the nonmoving part vortex 
vector anemometer and hot-film anemometer undergo testing and their 
continued opment be monitored, 

REVI Appears a good ew anemometry and survey of sensor types 
and of commercially lable sensors. Therefore appears worthy 

inclusion in library anyone involved in wind measurement. 
Recommend further study during technology review. 
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LBL LI lEW FORM 

TITLE: Eva 1 uati on of Hand-Hel d Infrared Thermometer for "R" Measurement 

DATE: April 10, 1978 

SOURCE: O.O.E. (letter to 0,0,[' from N.B,S,) 

AUTHORS: S, J, Treado, et. a 1. 

ABSTRACT: 

Three different hand-held infrared (IR) non-contact thermometers were tested 
to evaluate their effectiveness in determining the R-value of walls, Two 
phases of the test were performed. first a laboratory test of a wood-frame 
wall. followed by a field test of a brick veneer wall, Additional measure
ments of R-value were made for comparative purposes using multijunction thermo
piles and heat flow meters, An appendix is included concerning detailed 
error analysis of the spot radiometer measuring technique, 

REVIEW: 

The report casts a negative vote for the use of hand-held IR thermometry 
insofar as the uncertainties in temperature measurement are too great for a 
trustworthy analysis of the thermal resistance of walls, I imagine that the 
only value this report has to us is to point out the grave difficulties that 
IR thermometry has to overcome to be a viable tool, 
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TITLE: 

DATE: 

SOURCE: 

AUTHORS: 

ABSTRACT: 

REVIEW: 

LITERATURE lEW FORM 

U, S. Army Test and Evaluation COflll'lland ~1aterials Test Procedure 
4-2-820~ Common Eng; ng Test Procedure - "Humi dity Tests II 

15 May 1970 

AD-a72 140 

This Engineering Test Procedure describes test methods and techniques 
evaluating the effects of high and low humidity on various 

types of mil; ry equipment, Humidity tests of two types are 
described: (1) High Humidity and Temperature and (2) Low Humidity 
and High Temperature. 

The objective of this test procedure is to standardize the evaluation 
of high and low humidity on all types of material. 
It is primarily written for military equipment, It does not discuss 
how to measure relative humid; • which is the only factor of 
potential interest ot LBL. Therefore it is not worthy of further 
study during the technology review. 
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LI R~I FORM 

TITLE: Reversing the Trend and Infrared Testing is Simplicity Itself 

DATE: 

SOURCE: ASCC Record 72 

AUTHORS: R, Vanzetti. et, al, 

ABSTRACT: 
Infrared automated testing of printed-circuit cards, as opposed to conventional 
testing, brings about a welcome trend reversal, Equipment. programming, opera~, 
tion are simple and easy, A quick sweep of the scanner performs simultaneously 
inspection, test and troubleshooting. The data pinpointing a failure condition 
(either present or future) is immediately printed out by teletype, And as long 
as the p.c, card can be electrically energi and inserted in the target area, 
it makes no difference to what system it belongs or whether it contains analog, 
hybrid or digital circuitry. discrete components, or integrated circuits. 
Infrared fundamentals, infrared signature, infrared test equipment operation 
are described in the paper, The substantial savings yielded by infrared auto
mated testing are discussed in the final section. 

REVIEW: 
Good points - Very nice qualitative description of IR testing on a mass

production scale and on a design scale 

Negative - Glosses over some of the tough implementation problems of 
absolute (true) temperature measurement 

Perhaps a way can be though of and use the IR scan ~ AID processor ~ 
temperature output operation format as testing of certain photovoltaic 
devices, Otherwise I see little hope for applying this particular scheme and 
our LBL task, 
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TITLE: 

DATE: 

LITERATURE REVI FORM 

Indoor Test for Thermal Performance Evaluation on the Sunworks 
(Air) Solar Collector 

January 1978 

SOURCE: N78 3, DOE/NASA 50666 

AUTHORS: Wyle laboratories 

ABSTRACT: 
This report describes the test procedure used and the results obtained 
from an evaluation test program conducted to obtain thermal performance 
data on a Sunworks single-glazed air solar collector under simulated 
con tions. These tests were made using the Marshall Space Flight 
Center1s solar simulator. A time constant test and incident angle modifier 
test were also conducted to determine the transient effect and the incident 
angle effect on collector, These resul and the results of the 
collector load test are also discussed, 

The Sunworks "Selector". solar energy collector is an air-type, single-glazed 
flat pl ,The absorber is copper sheet with selective black coating. Outside 
dimensions are 36 inches by 84 inches by 4 inches. Collector weight is 111 pounds, 

REVIEW: 
The results should be useful to evaluate the suitability of the solar 
collector fur use on buildings. 
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HUGH'!!:!!; AIRCRAn COMI"ANY 

PRODUCT PROFILE 6350,107 1< ISSUED 7-76 " ENGINEERING APPLICATIONS ~ HUGHES AIRCRAFT· COMPUTING & DATA PROCESSING 

KEY FACTS 

conduction, 
in phyllliClll1 

by iii Plllflllfmlt@W 
CIlIDlIICi1:0fliL hlililit sourCilIli iiln€:! hlil8t 

BACKGROUND 

to c81culiiltlil both 
hi 8\18ilal:llill on liJiti'lliJf 

IBM 370/158 comput@w. 

TAP,3 is an IBM 370 program derived from an IBM 7094 program deVil lOlled by 
the AtomiCS International (AI) Division of North American Rockwell Corporation, 
The AI program IS a descendant ollha Lockheoo Thermal An.,lyzar Program, 
which has been in use since 1961. Sincil 1966, many ravisions of the AI 
program have boon made al Hughes Aircraft Company. These program rli!VlSions 
have evolved into the TAP·3 program which is now unique to HAC. 

CAPABILITIES 

o Standardized in-put or froo forma! input 

, Data is input to the program via tsn basic input dllt~ blocks as follows: 

BLOCK 

001 
010 
020 
030 
040 
050 
060 
070 
oao 
090 
096·009 

TYPE OF INPUT 

Titles and Messagas 
Network Dascription 
Inilial Values 
Functions 
Tables 
Laten! Heat 
(not used) 
Special Constlllnts 
Variables to be Printoo 
Printout IntervlllIs 
Variable!! to be Plotted 
(data case procellllingl 

, A thermal nalwork is described by nodal points joined to one al10ther by 
connector "Iements. 

, Nodal points represent !he lumped parlllmaters of Iha physical system 
subvolume. 

• Capacitance (C) 
o Temperllture (T) 
, fj'!!I! Source (0) 

o Connector @Iementll reference the type of hellt flow path between 
these subvolumes. 

, Conduction 
• Convection y 
• Radi!!!ion 

, Nodal points are characterized as: 
• Diffusion (T, Q, C 
o Arithmetic (T, a 
• Boundlify (T '" COfI$tllnl or function 

) 

C'" 0) 
Q'"C =0) 

• Node and connector numbers .. re aSSigned by the user. These user numbers 
are directly referenced within the program. Compact de!,] entfY " possible If 
there is an arithmetic progression to Ihe node nur'lhers c<.,nnecled by 
consecutillely numbaroo connectors, 

• The progrllm parameters are uniquely ldenllfied as follows 

Parameter Definition 

T degrees 

C Thermal Capacitance of ill Node anergy per degree 

a Internal h@al Genarll!IOn Rala lor II Node energy per unit lime 

Y Thermal Conductance of ill Connector energy per unit time 
per degree 

o Dummy PlIrllmeter which may be used 
for Optional Variables or Constants 

units de~und on what 
the vdrlable 
represents 

• Any consistent system of units may be used for these parameters. 

• All parameters ar0 iniliai;zed as either .. program constant or a startong point 
for .. variable In the 020 block. 

• Any parameter may be spocified to be a function of anyone or two of the other 
parameters or Ii function of um0. This functional dep0nd@nca IS speCified by: 

• Monovanant or bivaroan! tables (040) 

• Buill·in mathematical and thermal functions (030) 

• In addition to tha buill·in functions, user coded FORTRAN subprograms can be 
designated for ellocution at different phases of program operation as follows: 

• At the stlllrt of the temperature calcullmon phase IFUN41 FUN 91. 
SUB9S, UROWN) 

• Immediately after the t@!mperature ca/eulallon phase IAFTTEMI 

• B@fore ~ach t@!mp@!ratur@! pfintout (BEFPRI) 

• After the end of all computation and printing for the case, out before 
slIlIed plot data are processed into plots (AFTEND) 

• The phenom@!na of phase change (heet lIow to or from Ii node Without 
temp.erature change) is essily simulated via Block 050. The program keeps 
trllck 01 whether a node is solid, liquid, or gllseous and integrates the hel'll 
flow rate during phase changlls to establish when Ih@! chenge IS complete 

o AI most, only t_lve program COi1stants are required fonhll execution of each 
Iram;i@!nt or sioody·stliite problem. SemI! constants are phYSical quantities 
lind others are m<lfely "yes-no" flags. 

o Any number of program paramet@!rs (T, C, Q Y, 0) up to Ii total of 500, may be 
requested for printout. Pafllm@tefs /lre printed, 5 to a line, on the order 
requ@!sted, The user mlly override the stllndllrd output labels (exlllmple -
T012, 0034, Y429, 03(0) and aSllign his own labels, 

• Printout int@!I'VlIls beIWoon the probl@!m start and $tOll timell IIf@! specified bV 
th@ use<, Eight varilltions of printout intervlll with time ars p@!rmitted. 

• Staci<.@!d dllitll ClI_ can be set up in thll following ways: 

• The prooem Cllse IS id@!ntlcal to the previous one e"cepl that some 
pllram@!lric values are changed befora starting again 

• The pr@!51lf1! case b@!gln§ when! the previous on6 ended except that soma 
pa.am@!tric values a.@ chillnged before cOfltil1uing. 

• Th@! prlMMlnt elllll@! ill compl@!IIlIV diH(;,ent from th@! previous Cl!S(l>. 

• The rellults of a datil carre can be plott@!d on !! CalComp plotte, E"ch cliise 
g!llnefal@!li up 10 20gr!!phs,lIach conllisling of II pai, of labeled ""es !ind "Sill 
of CUl'\lell, Th@ indsp@!ndenl and d!!p6ndent variable!! mev be any of the 
Dfogram parmMeter!l (T, C, 0. y, D, TIME), 

LIMITATIONS 

• The thermal l1@!tvvork is limited to 500 nodes and 999 conn@ctors. 

• The D plii'<lmeter malriX IS limned to 500 elements. 

• Only 500 built·i" function SpOClhc!lOtion cards are allowed In the 030 data 
block. 

• A node mllY not hllve more than 500 connections This sItu"uon could anse 
wh@!n a boundary' noda is connected to many different nodes 

(Continued on next page) 
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• It a no~ rS(jilltM, IMn il!llOISI oonMCtiooll MUIlt IltJt "I!~ "11 OOM;nu~ 1M 
totsl numb@r of n~ conn<l©t@fs". Thill r_rie1ioo: 

• Always apploes to arithmetic nodes 

o Only applies \0 diHusion no~s during sleady-sllille runs 

• Never applies to boundary no~s 

• The user mU1il1 input Illn inilillli U;Ill'1!»rllllUre lor IWlIry node in tM I'lIltWOriI, 
ellen if the ini!i!!1 lemperllliure is O. 

• The tOlal numb@, 01 labiM enlerlild in th" 040 d!i>tll blocl< m!!lV not eltCl!OO 
99, and the 101!!1 numb!ir 01 COlrds in 1M blocl< mOlY nOI ellcl!OO 500. 

• All tables are hnearly interpolatlild. 

• An enerlW blll!llnce covllrgenCli cllIpllbility is 001 1I111llilabill. TlH! nlltllll@rk 
solution il! die11l11ild only by Il U!lllr lIujlplilild ~!Il-tllmp®flllurll crilllfion. 

o Each CalComp graph is hmitlild 10 225 po.nts per curve. The maximum 
number of curves on any graph is 6. 

o The program's built In plolling capability does not allow Iha user to select 
lh'" plot scales However. user supplilild FORTRAN subprograms wh.ch 
dor~clly use IBM 370 plot packages can remove th.s restriction 

• M'fllple cases whICh reference an initial case are not doreCily programmable. 

GENERAL DESCRIPTION 

The prog,am ooilies both transient /lind steady-stille problems by !!n!!l~ing !lI 

mathematic!!' network which IIj1prollim!!I@S the phY$iclIIl system under 
consideration. 80lh an explicit fOrwllrd differencing techniqUII! mnd/or 
lliewton's Second Orde. M .. thoo lire incorporlltlild in 1M solution. 

The mathematical network consists 01 nod!i>1 points connected to one another 
by heat lIow pllths. These hellt Ilow pllths h!llve characteristic values which 
are referred to IlS admittance (V). Th0 he.,lllo\l\l rale along anv p!lth is defined 
as the product 01 the admillance and the temperature difference 01 the 
connecting nod!i>s. He!)! lIow ,ale may b!i due 10 one of three phenom"ma -
conG lction, convection, and radiation. Th!ll OOmiltlince idemities for each 
phenl'l1ena are either ,nput directly or "Pre-C!IIlculated" during ex~ulion 01 
the pH. ~ram. 

Nodal POlf,'S !life 01100 clllissifilild into throo groups b!ised upon their ability 10: 

o Change' I"e" temperature in accord!i>nce with the heat I10ws to and from 
them (DiffUSIon) 

• Stav In thermal equilibrium, al all times, With Ihe connecting nodes 
(Arithmetic) 

o Maintain Ii SPlICiillild lemperailire (Bound!i>ry) 

Diflusion and Arithmetic nodes can consider an Internal heal generation rale 
which is ~noted by O. II is meaningless to think of II boundary node as 
having II Q. 

The order of program execution lor eilMr a trllllsieni Or steady-state problem 
is shown in the TAP-3 Flow Di!!IJ,,!m. For transient analysis, Ihe following 
sequence 01 steps is defined: 

• Evaluate lune1ions and perform table interpolations. 

• Apply the explicil forward differencing technique to yield diffusion node 
temperatures al the end of iii siable tim!ll interval. 

• Aaplace previous diffusion node temperatures with Ihose JUSI calculated. 

o Perlorm phase change calculations, if any. 

o EV!IIluale lune1ion§ and perform lable inlerpol!lltions. 

o Apply Newton's Second Ord!i>r Methoo 10 obtain arithmetic node 
temperatures. 

o Compllr!ll largest arithmetic tell'1!»rlliure chllnge with US6f supplilild 
differenli!lll temperllllUre conllergence cril6fion to ansure conIJ6fgellce. 
Otherwillll, replllll! tM prlWioulI two steps, liming Ih@ 1!II!!!t lell'1!»fllllufM 
calcullilad liS !WI\I\I i"iliml !emperllliures, until conllergence il! .mtlilinlild. 

SlelldY-SI!llle anllly1!is proooeds in the same manner, except thllt diffusion 
nodes life alwlIIysireliltlild llS arithmetic nooM. The finml convergence criterion 
in the iram;ient analysis also holds, except thllt convergence implies the end 
01 Ihe IInalysis ralher Ihlln just the end of the lime step. 

COST 

The coot of a TAP-3 run is ~pen~nt upon Ihe nllture ol'lne' problem. A 
steady-stille run wiIIl\lPiclillly /'lIIerlige Ii few doll!llfS. A t'!IInsient fun elln b!i 
more cosily since slable time requirements me1l1le the problem run lime. 

FURTHER INFORMATiON 

For furlh!!r information, oot!llill the 370 TAP-3 UIl6f'S M!IInulI! by completing 
11M sending a CiliOP Oocum8nt Rl!(juisilion Form (1320001') 101M CillOI' 
Publiclliions Librllr\!, Building 600, MIS 0119. 

The Engine6fing AppjiClilions Sile1.oo of Ih8 CillOI' Engifl6llfing Computing 
Oepsrtmenl is responsible lor Ihe maintenance of TAI'-3. AllY question!! @f 
comments rag!llrding the U$. or perlormllnce of Ihi$ progrlilM should 1M! 
direcllild to' 

l. Gaudreau' Extension 82164 • i:luildifl!lj 3600 MIS W215 

:2 

J 

AI>IIA_ m<Il0V l. TMAYAU. __ 

_ 0A11AJi1_TIC 

lAp·3 FLOW DIAGRAM 
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