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ABSJ'RACT

rnvestigations of the inLensity of radiation in varÍous

directions from actuaL surfaces show that i_t does not follow the

Larnbert cosine J.aw. Representative curves of non-cond.uctors and con-

ductors may be determined as shov¡n in Figure 2l where Ç i" tt "
ratio of the measr:red intensity of radiation at tire angru Þ from a

normal- to the surface to the intensity of radiation from a bl_ack

surface at the same temperature ard, angre p " rt may be obserrred

that {3, is relatively constant for non-el"ectrical conductors except

in the neighborhood of Çoo where it drops off sharply, or the other
,/'hand, (;, for el-ectrical conductors increases with p to a maxi_rnum

very close to 9oo and then d.ecreases rapicÌÌy. For thÍs reason, the

total henr.isphericar emissivity of polished conductors may be from

1.15 to 1"20 times the total- normar emi-ssivity"\3) varues of total
norrrrâl emissivities of various surfaces ma;r have large variations for
a single material depending primariJ-y on the surface conditions"

The purpose of this project was to design and. construct a

reliable measuring apparatus to determine the angular emissivity of

various materi-als v¡ithin a tønperature range of t50oF to ÌooooF, Tests

were not run at the maximum temperature quoted but a temperature of

B4Oon was reached on one particul-ar test, Five d.ifferent materials

were tested unCer various surface temperatures, The results obtained

comparec favourabl-v with published results" Total_ hemispherical

emissivities were carculated for each test b¡¡ means of graphical



l-r-1

integration" It may be noted that for the materials tested that the

total hemispherical- ernissivity does not vary more Lhan 15% fromthe
total- normal value obtained. for any parbicular test.

ït may be concluded. that the apparatus performed. satis-
factori]-y and that it can be used to test other surfaces for which the
angular emissivity is desired., Some minor changes were incorporated

into the apparatus before the actual- tests were begun. After completion

of the tesfs and noting the bahaviour of the apparatus, some further
refinements could be introduced whlch would increase the accuracy of
the results obtained. These polnLs are d.iscussed j-n the main texb of the

thesis"



l-v

ACKNOT¡JLEDGEì,ßNTS

The r^rriter wishes to express his gratitude to

his aclvisor, Prof. D. W" Craik who suggested this research

and offered many helpful suggestions, and to the National

Research Council of Canada. who d.onat,ed money towards

financing this project"

The writer is thankful_ t,o the technicians who

helped construct the apparatus and arl others invorved in

Lhe program.



ï

IÏ

ïïl

IV

TABLE O¡' TONTENTS

PAGE

TITLB P¡IGE"ôo..o .,o.øooo.. .oooeoao..o..ø i

ABSIRACT,,oao.co..e 6oooo ..ø.....ø.. ii

ACKNOIü.EDGEIII8NTS. eooeo iv

LIST 0F TABLES" o.øoo øêaoè.oøoceoceco¡o.o.o,., vii

T-TST ôT' T'TNITÞç'C
^ 

¿vv¡t¡uô ê ê ê . ê o. o ô. o ó o o o e. o, c o o e c o o o c ð e,, o "V1]-]-

NO¡ÍENCLATURE", êcêe. e oo.o eøêø. oøoccôøoêøo X

INTRODUCTfON""oêooo.oê.. o.oor o6...oo...o.oo.. t

ÎHEORT" eecooooocoooooooooÊoo.o 3

RADIOI'DTER EI\IERGY BXCIIANGE .ANALYSTS. c o êo.o ø ø o e o é ô ê g

DESIGN ANI] DESCRIPTICN OF APPARATUS".OéO9O 'OøøøOòO 16

R:rìi nma* a-¿@s¿v¡r!çvçLoqoe ,ø.oo. 16
Rl o nÞ P^.1-' o.ocoø.o.o.ô.øoc...e ô..,o.oe6 2I

Sample Guard,coooo o6oo.oecoo é.ó^ooo 25

Sample Holder and Heater,... coô.ø 27

Cooling l^tater Supply" 6oooøoooooooe ôe oooooo.ó€ 32
l"le¡srrz.ì no l'¡rrì nmont¡'rsdùtll-Ilt¿j l-yu¿y¡rv¡¡vce e o, ê.o....icc.cooe o.o.e . 33

Miscellaneous Equipment Þ o 6 o o¿oo oo o. a o ø u ø o ø o o ø 3l+

sAl.fPLE PREPARATION',.o¡eoe oðc.o ooøeoe.Éoocóoo 37

Copper Sample"ooooe oøøoøoøøøoooooooooooooooo " 37
Aluminum Samp1e. o.o6ooooooøoêèeooco.oooo 37
Aluminum Foil Sa:Lple"". o eo â ôooo@eooooe .øooaøo 3S

Glass Sample êooëooooooôoo€o øoeøooøooøeae 3S
P¡ì nf.erì flnnner Srmnl evvPr-- --..-t-*r. e oooo ê.oooooêø l+O

APPARATUS ASSA{BLING""," eeoooêeøo60oóêo e.øcø, li.-:-

îT¡CTF ÞÞ'IAçNITÞËI!,Jl f Ii\,/UfD\JfrÐo oø eoê o. oo o o o ø a ç oc oooeø oo o i eøø o 50

VT

vrr



VÏIT ÞÏ'qÛT rF c¡svvll uo c O O o O c a o e ø a o o ê o ø a ø a a o o ø ø a a o g a o o ø ø C . e o ø ø

Copperr o o ô o o o o o e o o o o c o c c o e . o o e o. c o o . c. o o o o

A'l rrmi nr,-.*w¡rr¡¡4¡rc ø o o â ø I o o o c ø ê o @ ø c c ø è ø o ó o o o o a o o e a ø o

Àl rrmi nrrm I'ni I o o o o o o o o a o c oo o ao ô a o ø o o a cê o ê o

G]-assooõoøe¿oôo ooccoceaco oeoocêooøoeo

Painted Copper" o.oa6oøoea o@oøêooooooo

nnÌ\'rnT lTCTrlrrcVv¡lVlUùIVIrj\rcor oëøo.oøgøao.o.c ooooeooø

Results . ø ø c ø o ê ê ø o. a o o o o o ø e o o o o o o o o o o o ø o ê o ø

Apparatus Performanccu"nsøoec ooooào@o

BIBLIOGRAPFIYT. oø øø@@øeo øø e@ øøo o o so ø eøøø ð o o e o o o e

APPENDIX A * THERMOCOUPLE LOCATIOIIS O O A O øO O O øO OO

APPENÐIX B - SA¡4PI.E CAI,CULATIONS.. øøøOOøCO

APPENDTX C - INS]DE GUARD CONDITTONSO"U èø6øOAO

APPBNDIX D - ERROR ANALTSIS.ùse,o €øoeo6oorooeoc

PAGE

52

52

1t,

/l

l¿

72
NA

"to

82

93

vo

IX



ltì 1

TABLE

I

a

{

t.

6

LÏST OF TABLES

Directional Emissivity -
Directiona] &rissivity -
Directional Enissivity -
Directional- Emissivity -
DirecùionaL Emissivity -
HemisphericaL and Normal-

Copper øoøøooêoø

Aluminum

a I ltñì ñìlñ F 
^ì 

|
.vLLCao

G1asso.. c c o o o o o o

Painted Copper" 
"

E-; ^^ ì -,.1 + -: ^^uÀrlùÐavfU-LEùoooo

PAGE

ó0

o)

A.r

"/1



v]-Ll_

FIGUR.E

I
4

(

6

,7
I

ct

lrì

lt

12

1/+

_LO

1'.7

ìal

20

2I

1

2

LÏST OF FTGUPES

rAUll

Ïlaf a¡ni ¡ .i ¡- Þ^:u'\,c.rrir-ri-Lng ñadiation in Different Directionso. o, . 5

R¿tio of HemisphericaÌ to Normal
E¡nissivitiesn.êo.o, coo.....øo. g

Genera]- Arrangement" ", o c oo oooo oo o. o. o c.co o. o. lO

Radiometer and hlater Jacketo.ooo øoøoøocooo oêoêoeoo L7

R¿diometer shierding and Base platê".o.eoooøø..oo" 20

cylindrical- Bl-ack Body" eô.eo ooooo.oo.o êc.a oa êoêeeø 23

cyrindrical Guard Assembì-y" ê øõèc e o@o oe ¿. ú oea.øø, øo 26

Angular Measuring Assembly, oêcøoâoooôo@ooo døà.eøøo ZB

Samp1e Ho]-der" coo@oooøoø.ø.oêoc oø@o¡oooeeó.. oaøeç" 30

sample Heater Assembly. oê6e.ooooo o6eooo?ooo.èøø.@o 36

Thermocouple Locations on Samp1e" .øoêa. o o e éooa øoøc 36

General Arran¡¡ement - A oc..êoee e o øo..oøcêoooc.øo. t+5

General Arrangement - B cù6c. oooe o cøoeodoooo, tr5

Ggneral Arrangement - C øêc.çøoøøoô€.Òe ooeocoaoco" t*6

Radiometer - Not Assembled. oø øooooo'ed.ooo oêooooÇoo r+6

Black Body - Showing Therrnocouples.ooooó.oooo.øooø t+?

Guard Assembly" Òoø.øøøoeoeøoøooo@eo êøooø t+7

.S¡mnl p Élnlrìa-vq¡rl¡lç ¡l\i,¿qçl coo.ocøeooøoø6coøooooooøO oooegoo l+8

Plan view of R¿diome|er"{oooo oçøooo@ooee6ooe¿oooo, tg

Copper Pratg o oø o o o o o oo oo oø êo a co o oo e o.o. ø oo. o o oc o eo Lg

Total Directionat Emissivity" ecce6oocoÒooo4o.eoco " j9



FIGUPS

22

2l+

25

¿o

1l

28

P¡^GE

Total Directional Enissivi-t:¡ - Test # I
Total Directional EmissiviLy - tesil # 5

Total Directional- Emissivity - Test # lO

Total- Direcfional En'rissivity - 'test # L5

Total Directional Bmissivity - TesL ll Ztt

.....ooo. 62

oooeoooc 64

h^ooøøccoo

oee.ao.o 68

Thermocouple Arrangenent ooâoo. o.6øocoóo ooooooo4o ?O

Total DirectionaÌ Emissivity - Test # 26"."ooøøø" 8l+



NOMENCLATURE

..1

ë - Angle of deviation from the normal_ to a surface-degreeo

e - Emissive power of a body - ñPrr, ,

€. Em-issivitl of a body or surface"

F Shape factor of the radiometer fixed by the radiometer

dÍaphrag'm size and arrangement"
Þ+,,i Intensity of radiafion - :wu no¡ en'ì;C angle "hr ¡-"'

K Constant of mutùiplication for finding henrispherical

emissivily"

4 micron, equals I x IO-4cm,

q radiant energ/ - # ,

e+ ^{'^- D^'ì+ 
-^-- ^^*^+ ^- -Â ltuÇ - ¡reran-.Boltzrnann constant O.I?l-l+ x l0 - 

"_ ".Zj¡¡¡ -r u -lL

T Absol-ute temperatur" - 
oR"

e Angle measured on a surface from an arbj_frary position"

See Fig" 1"

w SoLid ansLe
Þ+,.G - Radiation flux density - #;-hr-fta

SUBSCRIPTS

B - Black body S Sample

H Henrisphere or hemispherical R Radiation

N - Normat(i"e. lvhen fi= Oo) C - Convection
I



I INTRODUCTION

This investigation was made possible by a grant provided by

the Naiional Research Council of Canada. The main purpose of the pro-

ject was to design and construct an apparatus which was capable of

measuring the directional emissive properties of various materials" In

this way publlshed emissivit¡r values of common industrial materials

could be checked and emissivities of special surfaces such as painted,

corroded etc,, could be determined whenever necessary. Before designing

the apparatus, a litera.ture search was executed to determine the para-

meters involved" Several types of apparatus have been constructed in
1r ìrecent years, one of uhich is at the Unj.versity of lvfinnesotat'' and one

at the Case ïnstitute of Technoto*"Q) The apparatus described hereln

vras designed with the folÌowing criteria:
(f) Rad.iometer readings tvere taken on a rel-ative basis rather than

absolute values" This tends to yield maximum accuracy results" It

also tends to offsel any aging characteristics which may occur and

reduces effects of error caused by changing relative humidity.

(Z) Because of smal} thern'ropile readings, an electronic amplifier was

used" AII final readings were taken on a portable potentiometer"

ß) AIl apparatus was built of non-corroding materiaL to rnaintain long

Life and accuracyo

Numerous measurements were carried out ín the late 1920ts and

I93O's by Schmidt and Eckert"(3) tni" data is stil-} used today and pro-

vides a good comparison for results obtained from sjmilar materials to
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those which they tested. Schmidt and Eckert(3) to.*ulated theoretical-

equations for calcurating the emissivity at a given angle foz. a given

surface" This invoLves the el-ectromagneti-c theory which cÌi-stinguishes

two types of materials: electric conductors and non-conducLors" For

conductors, it establishes a relation between the radiation properties

and the el-ectrical resistivity, 
f ", 

ùereas for el-ectrical- non-conductors,

the theory relates radiation properties to the refraction coefficient,
The total hemispherical emissivity is quite often required and

not just the total- normal emissivity" Definitlons of these quantities

fol-lov¡ later" In certain cases one val-ue may be substituted directly
for the other without involving any great error but this depends of

course on what particurar malerial is being considered, By investiga-

ting the directional properties of the surface and assuning these proper-

ti-es constant around the henispheres, the total hemispherical- emissivity

may be cal-cul-ated by means of a graphical- integration"
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The relative importance of several mechanisms of the transfer

of heat fron one body to another differs greatly with temperature, The

phenomena of conduction and convection are affected primarily by

temperature difference and very liltle by temperature level_, whereas

radiation inferchange increases rapidly with an increase in temperature

l-evel-" Therefore, at the higher temperatures radiation is usually the
IA\conlroÌling factor in heat exchangeu \"/

A different physicaì- phenomenon is associated hrith radiation

heat t,ransfer than with either cond.uclíon or convection. The energy

is tr'ansrnÍtt ed. t,hrough f ree space by electromagnetic waves at arl
wavelengths throughout the electromagneLic spectrurn" Maximurn transfer

of heaL occurs when the space is totally evacuated, AlI substances

except perhaps some i-n outer space at absoluLe zeto are continuousJ-y

ernitting electromagnetic r¡raves at various wavelengths" Such waves are

generated primarily by the movement of thermally agitated electrons

in the atomic shell surrounding the aLomic nuclei" These v,raves travel

at the speed of light in a vacuum and when they impinge on another sur-

face, produce corresponding electronic agitation and thereby effect a

transfer of energr across the void. hhen a body is heated, radiant

energy is snitted at a rale, and of a quantity, dependent primari_Iy on
(A\

the temperature of the body" t"/

Newbon, Fresnel, MaxweÌl and others proposed differenf

theori-es by which they anticipated radiation heat transfer occurred.

Ofher theories hlere proposed near the end of the nineteenth century by



Michelson and it{or1ey, Ej-nslein's theory of relativify and pl-anckrs

quantum theory help to explain fhe phenomena of electromagnetic Ïravesê

l{hat next will occur is difficurt to imagine but the picture is by no
(6)

means complete. \

The energy flolr impinging per unit time on a unit area of a

surface is call-ed the incident radiation or irrad.iation and. ma.¡ be
la\

denoted by H""' 0f this totar quantity some is refrected, some is
absorbed and some is transmittecl"

P+ê< + T = I

P = r.flectivity
a/ 

- 
qL^¡--+;,;+.q_ = aosorptLv-Lry

T = transnrissivity

aô

The tota] radiant energy emitted per unit area of the surface per unit
time is defined as the emissive power and is denoted. by e" A body whose

absorptivity is one is called a black body" There are no totally black

surfaces in nature but one may be crealed artificially as vril-l- be ex-

prained rater. They may be brack to certain wavel-engths but not com-

p)-etely black to all, ttNo surface radiates more heat than a black body.rl

This is the content of Kirchhoffrs 1aw,

The ratio of the emissive pohler of an-v body to the ernissive

power of a black body at the same temperature is call-ed the emissivity €
or to be more exact the total hemispherical_ emissivity"

n

ù
oooo

b

tr)

The totaÌ directi-onal emissivity is defined. as the ratio of the

(z)



intensity of radiation at the ansle

to the intensity of radiation from a

temperature and angle"

L"e:

Figure I

Determining Radiation in
Different Directions"

p fron a normal- to fhe surface

black surface at the sane

at angle F

Referring to Figure 1, the

radiation intensity in the contemplated

direction is defined as:

ß)€* E Fr*B

i^ = i^ cosBrJoN¿

r
a ^+. ¡q'h¡ = Zl¡ ap ICOS

t\ø

^^:-S.rdwo

Radiation intensitv i- of a

is given by Lambertrs cosine

/, \ô \+,/

bJ-ack body

law:

þ sinp dp

o \Jl

#i!t ¿ññvtf
1\l

Now:

eñ=

Ç-,, :rt

nt.
! ,,1 ^ dvr

JNJ
IYì

oN

i
sì
ilJ

Ð

;

From F,quation (3)

ì
I

H

i^

vsvvv¿vuv¿¡16.

; ^^^¿ñ uvù
oN

[-ì\- Fì *R
.I\

r fç ^^êfri/g-B """

at angJ-e

f-

cos p

Ê.:-E 'B P

\o/

ì-
n Po*



Referring to Figure I again:

dw = "dp RdO

.2dw = t-dp d0sÍn

whereR = rsinp

?r='l
T

Substituting:

sinfl cosf df d 0

-If Ln varies v¡ith € then:t"

€ .. : Itrif:r:" " sinp cosp dp d ê " (B)
-H fri ftp' ! | to,J #*: t

Equation (A) was used to evaluate lhe total hemispherical

enissivity for each of Lhe tests performed" lJhen the radiation intensity

of a surface fol-l-orr's the same cosine law as bl-ack boCv radiation then

the directional enissivity is independent of the angle $ towards ther
surface normal and identical- with the total hanispherical emissivity.

5o1ids and liquids absorb practically al-l incident enerry

of infrared wavel-engths in ver.y thin layers immediately below their

surface and the emitted raciiation leavins their surface also comes from

such a thin layer" For conductors this layer is about },c¡ thick and for
l?l

non-conductors it u"ray go as high as 0"1 in.'" ALI solids and liquids

reflect a fraction of impinging radiation and therefore radiate less

energ-y than a black body" lliLh respect to their thermal- radiation

properties in the infrared vravelength range, there is a prlncipal

difference between electrical conductors and non-ccnductors" The con-

n

cT nïo
l- tl l/-
m ¡ i"puoJo'

0)



ductors refLect the major part of impinging radiation and therefore

radiate comparatively litt1e heat" Non-conductors absorb the major

part of Ímpinging radiation and radiate comparativeJ-y much heat" this
rtlla rlnoc nn* .-^ì-' *n *^Àì^+i^-rur-ç Lruvr trur, d,Ppry t,u rau.¿aLron in the Visible Of shOftef waVelength

la \rangeo"' R¿diation emitted from heated bodies usualJ-y comprises rays

wj-th wavelengths of one micron or more, This thermal radiation is com-

prised of waves outside the visible range and is generally caLled infra-
red" For both groups of material-s mentioned, the refl-ectivity, absorp-

tivity and emissivity change w-ith wavelengt,h" A surface whose absorp-

tivity is the sanne for arr wavel-engths j-s caLled a gray surface,

E¡nissivity depends sometj¡res to a considerable degree, on the

surface conditions and it is often difflcult to describe this condition

precisely enough. E¡nissivity values depend aLso on the temperature, A

general rul-e is that the emi-ssivity increases with temperature for
conduclors and decreases with increasing temperature for non-conductors,

From the total hemisphericar emissivity €r' th" heat radiated per

unil area at the absol-ute temperature T can be calculated by the formula:

" = €sT4 lo\

where e is the emissive polrero

fnformation on the radiation properties of sol-ids and. l-iquids

can be obtained frcm the electromagnetic theory.\,/ This theory

considers radiation as a combj-nation of electric and magnetic waves and

applies the lav¡s for refÌection of such waves on the interface of

substances which diJfer in their el-ectrical properties. It is found that

predictions obtained by this theory are in fairly good agreement with

experi-rnental resul-ts so that they may be used as a guide to measure



values which are noL available as l-ons as the radiation considered is

prÍmariJ-y in the infrared region" For conductors the following equation

was derived for the enissivity in a direction normaÌ to the surface:

c, - 0.576 ,W o"rzt+f", o o (ro¡\-N ,i

where, P. = ohm-cenLi-rneters
I

t - degrees Ke1vin"

This usually agrees within 20% rvith measursnents" Another useful relation

was also obtalned by Schmidt anc Eckert(3) ,ot ,' f tf,he ratao -r-,/ E:}{ as

shown in Figure 2"

r.3

t.2

À
Cr

Fe , dul

Ele< t ric Con I t¡c{ )rs

N¿, Cull V' r Po( ¡t

.6le tnic Not .Ob\c tcto

\

^',, - l

\.oT(J

\(w-
dUh
&p

4ru4

"/
6lq

llqs:

o o.2 o.4 0.6 o.B l.o

n/,
N t.¡

o.9

l.o

€
-N

Figure 2. RaLio of Hemispheri-cal to Normal &nissiviti-es.

The curves in Figure 2 show as Íull lines the prediction of the theory

for electric conductors and non-conductors" The points indicate
/a \

measured results of Schmidt and Bckert.\//



IÏI RADIO}ÍETER ENERGY EXCHAI{GE AÌ{ALYSIS

A general layout of the apparatus and measuri-ng equipment

is shor.'n in Figures 3 anc 12" with reference to the designed rig, the

folrowing analysis may be appried.. A sample calculalion for Test # 1g

is contained in Appendix B, The equation used to calcul-ate the angular

emissivj-ty was derived in a manner which best suited the means bv

which the qnissivity data r,¡as obtained" A similar approach has been

ólused by others on this same topic.t-' Assumptions mad.e 1n the deriva-

tion are noted as they occuro

The radiant energy flux (G) leawing the black body at

temperature T, anei arrivilrg on É. unit area of the thermopíle is:

Gg = pøTn* o ø o o (u)

The saniple is at a ternperature T. and is completery surror.mded by a

nearry perfect bl-ack guard "t t",ip"rature T* which was taken as the

average temperature between the inlet and outlet water temperatures to

the base of the guard contai-ner.

The follovring energies arriving at a unit area of the

thermopile r¡rere considered:

l" The emitted energy of the sample.

2' Energy coming from the guard and being refrected by the sampre.

3" Bnergy coming from the guard after being reflected by the sample

hol-der to the sample and in turn refl-ected to the thermopil_e,

,| F-a¡'" ¡^-'i-s from i,he holrìer and reflected bw t.he s:mnle-+ê lr¡vr óJ vv¡.r¡¡¡O r¡vruva dll'Lt I çt-I(;çtrgU uJ v¡rç ÐdttUIEo

5' Energy originating from either the guard surface or the sample sur-

face and reaching the thermopile afLer murtipl-e refrections"
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Terrns 3 , l*,

errors invol-ved v¡ould

measurements" Thus we

r nrì ( r^rana

be srnaller

h ^-- r.,-; + ^ ,¡u4.y wr f uv.

t-l^
F rt lþ 11¡ v !U

neglected as it was assumed that the

tharr those anticipated in the actual-

4* -as ¡s /¡ ^\o o \L¿l

,J.r4l-n | ørJ _J

The foll-owing substifution may be maCe:

.îho rccrrnn*inn +' ' /- ' A *^^.,.:*^^ N 
^ -- rr---'t----.. úhaL g- = I - ^ 

no¡rrì¡acs f s r'equrres ü 

" 
= , so anat, no

enerrgy comes through the sample froxn Lhe assu.'llbly and Lhat the emissi-

rrif.t¡ ôneq nni rlenond ^n r^r¡r¡al onr'' ' : õrrh-+.ii*i ^â f^--vluJ uuçÞ rruL, uul,ç¡rq vrr wovv-ryrrgLh sÍnce L" is substituted for -t-s"

The limitation that 'f- = O was satÍsfied by alì- samples

except t,he gJ-ass. This facior, Ail"u"""¿ later under sâmple preparation,

was assulned to be negligible in the temperaiure range t,hat the glass

h'es tested "

V/ith respecl to rhe second assunption, Ecketr(l) states lhe

fol-ì-orvì-ng, trFor a metal surface al T. and for incident black radiation

at T. it can be demonstrated frcr- demonstrated fron "1J"tro**gnefic theory that the

followÍng relations held, d.= € (f*) with L = ,fl_ f ..n It was-m' m y s l_

found fhaL the emissiviLy did not change any noticeable amounL for }ow

temperaLures encountered and fherefore the ernissivity r{as ver.y close

*-o absorptivity in this iemperaiure rangee At higher temperatures the

tenn containing lAs becornes negligibl_e"
.T

The above equafion may also be writlen as

r^C| - lt = \
¡A¡er "'P "'f

The equation in this form also applies to the derivation bui, is dependent

fr
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on the radiation from the insicle of the guard container. fn oi:der that
the equal-ion hol-d at a]l- angles "f p, the radiation from the inside of

lhe conLainer must be diffuse. This is a reasonable assumption since

the inside of the guard rvas painteci with three coats of flat black

painl t'rhich, according to tesis, had a hemispherical emissivity slightly
greaLei. than 0.92. Any error that may be introduced. occurs at very

I ¡røe :nol aq nf4+¿¿'v s¡¡6¡ve v¡ fi "

G = r.rlç trL-,r4\**als = ¡'øl(-st'Is' -G/ ^G i ' ø ê (r:)

The radiant energy flux leaving the gua.rd black body at

Lernpera-Lure Tr. and arriving on a unil area of the t.hevrnnnile ie.- u ¡¡¡vu¿¡v ¿e {

Gc = f"c-T** o o ô e " (Ur)

Subtract Equation (t4) fro¡n (II) ana (t3) an¿ equate:

vn-un
l) Lr

tt¡v.n¿+r¡4
11 L¡

êr:
s G :¡ct'

€¡-4-4r\.^\r._ -L¡ )

1, l+T--_Tî" -R -C.
!. | /

"*"r¡¡* su.

t- -l
l¡nl
| \J -Lt^ |I e t; I| - - | /--\
I n _ n l" o o c o \J)/
| -ñ 

v^ Il-OLrlLl

To relate the radiation heat fluxes, C, lo the therrnopile deflecLion,

,/\, a heat balance mal/ be rr.ritten for'fhe fronL face of the lhermnnita

for each energy flux input, a

õr\ .:c l+uB*B : u- LT '1'f,¡- - erad + glo"" " (f6¡



t-^Lu" t" õ Lt 'tfs - Q"rd + Ql_o"" lt.r\o ø \41,/

ccGc = tr€tto*u-Qrad.*Qro"" o ø " (rg)

wlrere: c = l-oss factor accounting for absorption of energy by co,

and wat,er vapour in the air" (Equal to I if no absorplion

occurs),

" êni q<i r¡i tr¡ nf th o * ì^.amnni -ì ot- T = ur¡rf .ar v r uJ v! ul j ç ur:çr lllu1l-L-Lç

erad = radianL energy absorbed b;r the thermopiì-e coming from

srlrrollnd'ìnø rvcl I s.

e. _ losses from the tho¡nnniì a l'rrr ^onvection and conduction"-.Los s

Tp tenLperature of the exposed thermopile surface.

If rve assu.,'rLe C- C : C^ and o , and q- remain constant r¡reö s tt 'r'ad 'Ioss

combine and arrange (16), (r?) and (Ì8) to getc

G -G^ = T-^4-T-^lu
S Lr ¡*l ¡tj /ra\

,---" r*[:i:3 ø ê \rvl
Þ U TIJ IL:

A good approximation for fourLh power temperature differences is:
I nrn--ì rì arì T ,Æ T I\y¡ vvlueu 11 ' t2,

t,),T.*-T^* . T-+T^L ¿ ;) L ¿

F-T| 
= 4 'M r^Inere rll = --Z-

^ 
n , ñ' L (q¡ m \ m rn*s - *G 4 -FG $FS - tFG/ ^FS - 'FG /onl

Ç -% : 
;-,# (rFil \G) t* - t* ' \4v)

¡tr

It rvas verified later that the maxjmum defl.ection produced by the

thermopiJ-e during testinp, was approximately 0"50 millivolts, Consicìering
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the sensilivit¡' of a bismuih-silver thermocoupJ-e and ¿he number of

thernccouples invofveO (f6), the tenLperalure rise necessary to proCuce

the above deflection was O.?loF, Thus. the terrpereture di-fferences in

Equation (ZO) are very small- and the aporoxi¡ration hol-cls"

Assuming C¡ - CS C* ma;¡ not be valid in al-l- cases since

the absorptivity of carbon dioride and water vapor depend strongly on

wave length, the radiometer may be flushed'¡rith a non-absorbing gas if
nêôêqcaFr¡¿¡vv vueu¡ J o

The Lhermopile oucput causing the potentiomet,er cìeflectior, A,

is direct,I¡' proporLional- t,o the diÍference in the thermopiJ-e hoL junction

temperalure Tn and ihe colcÌ junclicn Lemperaiure Tr" The radiometer is

consi:ructeC tc maintain T" as consi,enL as nossible" Therefore, when the

rad.iometer is viewing the various components, the deflections are:

tl

_G

consi (T-,^--r-ú

consf (t-.^'i5

, /^
^ ^ñ.t+ 

{ l'VVl¡\-U \ ln^- 
-I'LI

(zv)

\¿1 )

(zt)

(ztr)

u¡Ìri I a rrì ¿r.ri na

done because

-^^ -l
ul

_Al
I

"-J

T')-c/

T)'c/

r,)-c/

Subsfifufing Equations (et) , (ZZ) ana (23) into Equation (20)

and combining with Equation (f5) *e obtain:

-^ -^*S 
-G

T _T.FS 'FG c.^ - G^
ùLr

G- lq_Óu^--^^-b -Li
T -T.FB -FG

n,4 $b
DLTC\-s = -5

î4 q.4
I t? tf

One must

the black body at a

+,, ^+ i p-. ,,.i ^,.,ì - - + L. ^ ^ ^- *ì ^J UÞ Uar /V v _Lçw_LrrB UrtË Þd-luJJIv

consianl nornal- position"

^+ ^* ^*-] ^év éli eriéIg

'Thi q mrr¡ l-¡e



the sampre area viewed. al various angles f'rom oo to 9oo increases al

the sanie rate as the intensity of radiation from Lhe black body decreases"

i.eo By Lamberits ccsine law for a bl-ack body;

ig = tt* "o" ,É

and for the sample vievring area

4,.
A- 

'\JI' cos p

Thus, Equation (e4) may be used to fjnd the emissivÍty at any angle and

mr¡r Ì¡o ror,¡¡i ** o¡--__..Ì as:

r, l,.¡. 'r ,rr' - T^" i'ao - A^ It- ti l:'¡ .JG 
I\-c = --f- .f,4 ,"4i,-,o-^:l (zs)

'q - ra | Ð u-.1
Jg

Equation (25) was useC for all emissivity cafculations" To

find the herispherical emj-ssivity Equation (8) was graphically ÍnLegrated."



IV DES]GN AI'ID DESCR]PTION OF APPI.RATUS

fl may be noled lhat the main conponents of fhe apparatus were

centraÌly located around the radiomeler. The main pieces of apparatus

which had t,o be designed and built were the black body, guard, sample

holder and radiometer" In the folJovring sub-sections the components are

descrj,bed in detail as lo purpose, design, material-used and physical

Radiometer

The radiometer is ccmposed of a lhermopile, a diaphragm

assemhlw ¡nd : u¡¡t,er eool erì i¡ckol- l-ha I ¡f i on *r.rn af r.'ì¿rinl-. ñ.-' be SeenJov!\ vu, urrv ¿avuvt vvrv vi w¡trvrt ¡rto.y

in Figures 4 and l-5" The purpose of the diaphragms r¡res to allow the

receiver area to intercept a predeterrnined e¡norlnt of impinging radiafion

and also cìetermine lhe actual- size of sa:rrpie reauireC" The water cooled

io¡Þcf r^râ< ñê^ôcqrrrr *n oir¡a ".Onstani temnefat,Ufe enVifOnmenl and tOev ¡,r

absorb a:ry stra;r radiation from the surroundings,

The therrnopile r.ras suÐplied by Eppley Laboratory, Inc. anC

consisted of a l-ó juncllon 'oisnruth sil-ver pÍIe coated internally wiih

lamp black. ït hed a speciaÌ air case wit,h a sl-ide providing a shutter

opening of l-0 "5 n" Frorn a series of measuremenls performed by EppJ-ey,

the ther.-ropile vras calculated +-o devel-op a sensitivity of 0"300 micro-

vr,lt.q ne¡ mi nrn r,r:t.*. nêy' q^ r-m BeCaUse oi t,he f enk nf necess,e¡r;rlr¡vrv v\/¡ov¡¡¡o Jecause oL T,ne l-*-.r -- ./' equ.fp-

ment we were unabl-e to verify this figure buL it was understood to

refer to irradiatj-on upon Lhe receiver surface" This figure ulas not used

in the thesis because relative fisures l.rere used rather than absolufe
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varÌles. This sensj.tivity i,;as rneasu¡ed with no window in pl-ace ab a

t.cmne¡ri rr-o ^¡ ^^o^ -' t ¡-¡cuer,ipçrduur s \Jr- 22 ç ana L9'i. rel.zLive humidity" The arnount of hun.idity

in ihe air does nake a sizabl-e difference (estimated up Lo several

percent) tor a change of'hr¡ridity from 20 Lo 6ofr" since the rel-ative

hr:-nidit.y in the room remained constant throughout a test it would have

noolioiì-rlc orrasl on the finat resul-is, A r¡rinCow made of CaF^ wasvv u vr¡ e¡¡e ¡ 4rtdr r sÞu-l- Uò o I W_L1I(-¡.(J 
¿

ordered with the t,hermopile buL was not used in the tests.

Based on a shuiter opening of l-0"5 mm" the first dj-aphragm in

the prane of the a.cfual- pÍJ-e was set at lo mm" (0,394 in") square, By a

series of full scal-e drawings to determine Lhe sa..nple size to be used,

the front diaphrag,'n size was sei at o,?oo in" high and o"3oo in" v¡ide"

The space beLlr'een the plane of the pile a¡d the fronl diaphragn wa.s set

at 19,5 cm. (7"667 in.)" The di¡nension of ?"267 ín" shov,ra in Figure l¡

is O"l+00 in. less than the set distance between front and back diaphragms

because the acfual- pJ-ane of the pile is o,l+oO back from the front face

nf *l''a tl"^-*^-il-e case. This is aÌso the reason whw t.he firsf. rìi"nh-¡*r¡rvpr¿ç vdoeo rrraÞ rÞ <1-LÞu uilç r-c.r,sufr.,..J vu q-LalJItlagjn

dimension is giverr as 0.390 in. by o.i+lo in" high (i"." the diaphragm

size changes accordingly as yorr move awaly' frcrn the pile)" Thediaphragm

assernbry was machj-ned from tr,,ic pieces of sol-id brass 1-! in" by ? in" cut

to the requir'ed length of 7 "267 i_n, After machining the diaphragm size

J-engthwise and removing the excess maierial- between the diaphragms by

machining crossv,rays, Lhe t,wo pieces of br.ass were joined together by

cn] rìa¡ihô +^ Ê^* ' lÞ\.,J-L¿ç.r'r-il8 uu -rorm a If in" square assenbl_y w1th diaphragns of requi_rec

size and spacÍng as shown in Figures l+ anC 15" The diaphragms were

painted with two coaLs of ffaL black paint on the sides facing the Ll-e rmo-

pile" The opposiLe sides of the diaphrapTns'^rere polished to a dulÌ shine.
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This tn'as done to ninimize i,he effect of sLray radralion reaching t,he

themopile" As wel-l- as this effect r'ùre diaphragms tend to ¡ninirnize con-

vecLive currents inside t,he radjoneter housing" The diaphragrns are

also positioned so that the ther"¡opile cannot rtseetr the out side housing

of +.he radiometer but onl¡r the diaphragrns themselves"

The r^¡ater cooled jacket covering the thermopile (Figure 15)

was nol used in fhe experiment, because it was found that wit,h the slight

fl-uctuations in rvater temperatures which were experienced. it v¡as more

beneficial fo have this jacket renoved" The other waLer cooled jacket

over the diaphragm portion remained and v¡as used. in its original

position" Since the waler jacket of the therrnopile r^ras removed. it becane

necessary t,o shield i"he iherrnopile fron surrounding effecLs of radiat,ion

and convective currents" Âl-uminurn foil- was used as a shiefd v¡ith the

nnl i charr ci rìa nrll " This shieldi ns comnl et.el w oovered. Lhe Lhermoni I e enrìu¡¡avruf¡¡5 vvluU¿99sIJ UVVgI çU Ul¡ç UIIçIlllv!¿¿v o¡¡u

lvater jackeL as shown in Figure J. The enti-re radiomeier assemblv was

pivot,ed about a $" shaft uhich proLruded J'ron the botLorn of' the thermo-

pil-e case and was supported bv an adjustabre corlar vrhich made it,

possible to raise or ]ower the radÍometer on the half circle metal table

by ithich it was supporled (see !-igures J and 19)" A spring l-oaded verri-

cal pin at the collar al-lor,r'ed the radiometer to be j-ocated in three exact

positions de+-errnineC by three depressions drilleC in Lhe metaÌ lable at

exact viewing locaNions. In this manner the raqiomefer could be tur.ned

Lo an¡r of the three positions anc as soon as the pin felÌ jnto place,

Lhe correcN vj-ewing posiiion was attained " ft v¡as found thaL this par-

ticula:' arrengement worked very satisfactorily, The procedure follor^'ed

i n I on¡f.ì no *.hp Lhrea nì n hnl o< fnr r¡i or^rì n¿ nnoì¡-¿¡¿ ¡¡v¡ve rvr vr\,wrr¡¿i ¡,-o.Lions wiU- be dgscribed
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in a later section unCer apnaralus assembl-ing. Tvro lherrnocouples rvere

pJ-aced to record water lernpera+-ures in the radiorneter water. jacket, one

in ihe inl-el frorr ]ine and one in the outl-et fror.r, l,ine"

There vlas some drifl in the zero position of the thernopi)-e

reacÌÍng, but, this was probabl.y cìue to the fl-uctuation of the water

femperature" Some zero drif+- could be tolerated be;cause the readings

r^¡ere nof taken for their absolute value but r.ather the difference was

Laken between a serj.es of read.ings aL Lhe three vievring positions of the

raciiomeLeil ,

Rl rnì¡ Ê^rì.'

No perf'ecL bl-ack surface erisis j.n nature and i.i: is necessarv

to crea-r,e one by ariificial means" One of the easiesi kno¡n¡n methods i_s

to buil-cì an isotherrnal cylinCer v;ilh one closecì end having the required

i-ength for the ciesi:'ed dia¡reter and emissivity of the material_"
('t\

Buckl ey''' did extensive investigations on raCiation from an isothermal

cylinder closed at cne end, Frorn curves sho,¡Tr in his work the value of

ihe }ength required can be deduced so that the radiation shall be within

r/" or full radiation, rn Lhis cese) an )./r r.at,io of 6 v¡as chosen, This

meenì-. ¡nennrìino t-o Rllnlrler¡tq ¡, 
(l\

¡ireqr1v, éuL;ulLLrrrå -- - ,.rrves, -'' that ín order to obtain gg% ot

perfect radiation fro¡n the ci'linderrs open end it would be necessatlr

to have a surface rr.'hose ior:ar hemisphericar- ernissi.¡it)' is apprcxinnately

0"48" rt v¡as felt ihat this could be acconplished by a copper oxid.e

surface since emissivil;r vaì-ues for copper oxidized. surfaces go a.s high

as O"75 according t,o the Ìiferai-ure" A copper cylj.nder was chosen rviLh

¿.n j-nterna] radius of 1| in" By Lhe rfr rarj-o of ó" this rnace the re-
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quired length of the cylincier Z| inches" The cfosed end of lhe cyllnder
I"râ-s cov€l'ed with a-) in' copÐer plate of v¡hich a portion was machj.ned

out to obtain a ve.y larÉie angre cone effect, (Figure ó)" T¡e opening

of lhe open end v"as cut dovm to Ì-! inches in diameler by pJ_acing a |.in"
copper plate over if as ln'el-I" The thickness of the copper cylinder was

0'083 in" rt rvas iherefore feft tha.t by having the following, (r) tnu

ì-/r ratio of 6 ancl emissivity of o,/¡g, (z) the rarge angle cone effect,
and (3) tnr recuced size of the hol-e in +¿he open end, Lhal the desired

99% of perfect radiation could easiJ-y be attained"

IleaL loss cal-culat,ions were perforrned on this a:-tificial- black

body assurn-ing the ternperaiure of'the c¡zlinder,,¡oul-d be fOCOoF maintained

by a layer of insula.iion 2 j-ir, thj.ck r,viLh a Lhermal- conductjvity of
O"Oj Btu/hr-fi-oF su:-rounding fhe c¡rlinder, By +-his rnefhcd it was con-

cludecl that a 250 v¡a'bt heater rvcu]-d. be sufficieni, A 2OO rsatL calrod

heater wcul-rì be suffici.enL. A 2OO v,'atf calrod. heater vras pl-aced on ihe

cl-osed end of the heated cyl-inder" Two thermocouples rr,ere placed at the

open end of the cylinder, two et the crosed end and four rnore spacecÌ

evenly around Lhe peripher.y between lhe open and. crosed. end. (F:.gure ó

and ló). Al-1 these thermocouÞres were praced nearly fÌush with ihe

i'nside surface of the c;rlinder, The black body c¡riinder was Lhen placed

inside a circuÌar galvanj-zed rnelal- container I in" in cÌianeler and 1/, in"
long, The:-mocouples and pov,'er l-eacìs were taken out ttrrough the bacÌc of

ihe coniainer. (Figure ]Z)" fne space beL.r,..,een the black body and the

outer container v¡as fj.l-l-ed l'¡ith a ilZonol-it,eil brand rrVermicuÌiie"r¡

In orcìe:" to attain a reasonabì_;, high value of e,nissivify on

the inside of the bl-ack bod;r, the cylinCer was heated io approximafeJ-y
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?5O"F and helcl Lhere for aboui two hours afLer r^¡hich the ternperature

r'.ras dror:ped io about ZTOof ancl lefi al lha-t, setfing, ft r.¿as founcl tha.i

t+ilh the a¡rount of insul-at,ion that was pl-aced aL the closed end of lhe

nr''l ì nrì a¡ iìrr¡* +L e end healer was nof. neôpssâr\r - The f.emner¡*.rrrê de-:¡veUU¡ vvaÐ ll\rU t¡9UçOÐAI I a rr¡9 !çllrPçI OVUI ç

creased Loivards the open end of lhe black bodj/ even l,rhen the enC heater

trtes t,urned off" It uas +'herefore not usecl during any of lhe tests" AÌl

t,he-ncr:otlnl ns r.;ol-ked sati.sfactori I r¡ pvea'nt ^ñê Erren r,;i t.h t.hi q,urru:¡r¡uuvqyrçÐ wvI-KeQ SaLl-SlaCLOf**._y v¡¡vc ! v¡¡+v, A 1refy

good incìicaLion of the temperatlre disfribu'uion inside the btack body

r^las obtained 
"

To check the accurac.,' of the bfack bocl;' ¿ sample of copper r,^ras

Les+-ed after going through the same ter.'peraLul:e sequence as the bl-ack

bcdy. The value obtained for the totaÌ norrna-I enÍssivit)¡ r^ras 0"/r5" This

value was of coulrse arrived at using the black body as it rvas, but even

t,hen the error could be assu¡ned to be smal]" Ir lvas l-a'i;er not ed as resr,s

t.rapo na*fn¡r"aÀ *ha+ iha ro=rli--_" Obiaj_ngd ffOfn f ho hì rnì¡ 'ì-rndrr 
"hOfVed nOu¡rv .! uçlu!¡\yrc vvuq-i_rlçq .L I v¡l: vttç 9révA uuuJ, Ðl

appreciable change with'uiLme" The bl-ack body povrer supply to the main

healer was contjnually l-eff on, This v¡as done to efiminate any un-

necessary flaking of the oxiCe on lhe inside of the clllinder" The

t emner:t.llv'e :i. t,hi s er"t.t.i ns r.r:q rlrnnnvim:¡{- ol rr )i^O- / \
v_vvr-¡¡¿)

t,esls were run r+ith the glass semp'l e using a bla.ck body ternaeraLure of'

approximalely l{Oo afLer l+hi ch the leniperature rvas returned Lo the pre-

^vious 27O"î seLting" A change in reaclj-ngs of a.couL )i|o were noted on ihe

bl¡ck borJ¡r ¡ft.er -iha hia'na.¡ i-",'ìe-nAtgre tUnS bU,+_ thjS waS nOf COrr-

sidered excessive because a ccrta-in a,nount, of zero drift of the therrnopi-l-e

¡¡rusL also be accounted for" The lenperê.lu:e clist,ribuiion insjrÌe ihe

black body will be discussed in a later section under conclrrsions" Cnly



ilvo differenL temperatures r,.;ere usecì in Lhe black bodv because lhe

type of anar-r'sis used on t,he data oblained did not requir-e the black

body t,einpera-uure to be the same as fhe sampl-e tenpera.ture at any tim.e,

Because of this j-t r^¡as no'r, necessary to have a black body tempera-uure

control rnechanj_sm, An ordinarlr ¡þsçsiat on a tI5 volt power supply Lo

the main heater was all the conlroÌ that \^/as necessarv.

SanÞfe Guard

In orC.er to have a knoinn and constant enr¡ironmenL surrondine

the sarple, â guard rnust be built v¡hich compl-eLelJr surrounds the sample

al all times' To accornplish t,his, a concenLric c¡¡iinder arrangemen'r, vras

usecì as shown in Figure 7 and 17" Tv¡o special cylinrìer.s oÍ'solicl brass

r^¡ere made, one 14 in" in di.ameler a:rd J j-.n" high, the other 16 in" in
dianefer and B in" high" The fid was made separately as shown in the

clrarrring" I.rith this arrenger¡1en+- a I in" v¡at,er jackei cornpletely surrounded

the inner space where the sample was suspended.. Separate inlets v.'ere

provided for cooling vrater to lhe tid and base of the quard. containei. as

weII as ouil-els" The ouflet wafer from Nhe lid of the r'-uard container

v¡enL dj-rectl¡r ¡s the seler bu',.the outlet water from the base of lhe

con*-ainer r^¡as in frr:'n passecl through lhe auxifriar¡¡ black body"

-{ sna.ll vievring hole Ì-} in. in diamefer rvas drillecì through

the it^¡o cylinders t,o enable vi.elv:i-ng of the san.ple r,¡ilen ii was j-n position

insicìe t,he guard" The v¡hofe inside of the guar.d was painled with lhree

coats of il¿rt brack paint having t,esÌ;ed norrna.Ì enissÍviLy of o,Ç! and

a hemisphericai eriissivit;¡ oí'o"Ç2" .{ snal} au-xi}riary black borly w.-rs

suspended frorn the outside of the guard con+-ainer" This bfack boCv was
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composed of a i--| in, dia;lc-ucr-'rrlbe 5|, in" Ion.q surroun,led by a 2 i.n.

Ä'i ¡noi êF ^^ñn,âF l.¡lrn Á i n . I nn; 'l'he snr,^c þpf.rr¡6:an tha t'.rn arrì ì ¡6lg¡g rr¡¿g

fillecl t'¡ith r+a'uer l^Ihich had previously passed through the base poriicn

of i,he sÌr:rd eônLeiner. In this mêxner the auxil'lian¡ bla.ek Lrodv assumedLLa'L 
'J

alproxì.-rretel¡r ¡¡" saJne i,empel'âríure as the inside of t,he guard conLainer

/c^^ ^^-.^-ì:-- ^\o The inside of the 1| i-n" rìiamete:'tube was painted\ uçç ^PPçtruI^ L, /

i^¡ith three coats of flat black paint to create a black body" Six thermo-

couples v,rere inser*"ed in the follor,cing positions, one in the inlet and

arr*'l a* ¡nnrì-^ ..rater tO t,he lid ^i' *Ìro mrenrì +'tO in the inl_ef and OUt_ttquvt uv v:.v riq \/l útr\/ Ê;ucrt u, 9r

lef. nool'l'n¡¡ r,':l.ey. srnnl¡r'l-.o t.h," base of l,he oll¡rd ¡nd t,hree in the¡¡¡) Y¡uvv¡ rqyj(.rrJ u, crlu

lnlei and oull-et waier supply to the auxill-ia:'y black body,

A surveyors iransil scale',\'as mounted on Lhe lid of i;he guard

ånd used to measure the required angle .fl frorn lhe normal- t,o the sa:npl-e,

A full scale cìr'arving of the set-up is shorvn in Fi.gure B. i.,Jith t,he

transit scale, the angl-e coulcl be sel fo fhe nearesL minute. By rneans of

trvo seL scrr?ì¡IS in the upper rnovabl-e bushing, the sample hoLCer coul-d be

raised or l-owe::ed to any desired position"

Sam¡l e llol-der and Healer

As was men'Lioned oreviously, several scale dravrings weye used

in ,ìa¡iÄa tha ñL---; ^^r ^: -- ^¡ *he samnl e t.hc c1"iticat dimenSj.OnS Ofuv uçr.!uç uriç Ptli ùIçé1. ÐI:tç vI utlu o<l¡lrwrç , u:rç !

r-r-,¡ ncÀ'ìn-aìa* and the rnaximrrm anø'l e t,h¡t. eoulrl be aLtained íor measure_eu¿v¡rrv v\.f , ¡;ræjrr'4rr crrEJrv v.re v gvu¿v

ment" A 13 ín" lon.g by 3 in" high sanple area rras à reascnably praclÍcal

size, The Ìength of the sarple determined the inside dirnension of the

innpn orrrnrì nrrìi¡ds¡ rvhiCh \{aS Sef et }/+ in. diemeLer }eaving a j in"r¡+ ¿¿¡o

cleerance dimension beiween Lhe eCges oí Lhe sarnple hcl-der and the wal-l
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of +.he guard container"'inji"ch '',he radic:neter dimensions seL as pre-

r¡ì nlrql ¡r dr.<nr-ì Ìrrqvrur'-.?i, t.he sa.nple cenlre li.ne position was set at abcut

l6i- in" fro:::. t,he prane of iì'ie thernopile receiver. The maximllrn ang¡1e

ailaÍnable l^ias BJo accor,cing to the dr.a,w-ing" Thus aÌl lhe critical-

dirnensions of fhe sample hoìder, guard anc radj.orneler r,vere decideci

s j-mul-f an eou s Iy ,

A djmensional d.rat,ring oí'the sarple hol-der eppeers in Figure t.
The rn¿in Þarts of fhe sanple hoLcler lvere marle frorn aluminum" The sa¡npl-e

l'"^'l¡^- "^- J--:.ned f.o l-..rl',= r qrmn'la rq l hìnlz ¡. lrÌoroer vras oesff) vs.¡!..+v *s i j.n" with other di_

mensions of 13 in" by 3à rn" high" smrl-l- flanges at the front of'Lhe

holder accounts for a I/6 rn. overlan of lhe sa,npì-e al the bottom ¿nd

the'uop of the hol-der. This Ìeaves an area of f3 in" by 3 in. high Íree

to view by the radi.orneter" The brass bushing which is bolted inr-nediaLely

Lo the t,op of the sanple holder vras cut partiall-y off at an angle so

Lhat the sampl-e rrseesrr as liilre of this porlion of the sanpre as

possible' The aJ-uminum íl-anges which overhang lhe samnl-e surface were

kenl- re l-hi h .c n^qqi lrl a 'lha *rrrnnse nf t.hcqe imnl ement.erì nr,er:ar¿tions}JvJe va urtvre I¡¡lpIç¡rtçrruçu pf çu=

js lo keep the shape factor frorn the sannple to fhe hol-der as smaÌl as

nossible t.hrrs keeoino the shene facior from the s¡mnle to rnlerrì as larqer: v¡¡r uil9 usL,,y¿v uv t;qer q __ __- o _

as possibLe, A sma]l- asbest,os spacer was placed between Lhe brass bush-

ing ano the 1in" sleel shaftj.o aci as a barrier to heat conductj-on uo

the rod" It also insulafes Lhe sÊÍrple holdcr from the guard container.
'|,'hen the sarnple holden and guarC rdere assembled lhe rr¿rximun angle Lhai

could be obtainecì r.¡as 82.50.

Heat loss cal-cula""ions were carried out o;r the sanple and

holder using l-OOOoF as a maximum lenperaiure, If was realj-zed tha¿ at
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tenperaiures above 2OOoF cr'3COOF ihaL the convecti.¡e loeses frorn the

sarnple surface r.,,.ould be consider"able bui because lhe sanpl-e and holder

rvere j-n a conceirtric cont¿:.iner and fhc sannpJ-e al-vrays r"emained in a

rre¡i i n c'l nnoi * ì 11¡ +.h ¿5 ^^nrreni-i 1rg ]_OSSeS fVOU]_d 1" en¿in COnStanl f or. en¡¡¡vvvU.¡-\'v J-vJJvJ rlVUtrU I ç¡it@Ir¡ VVllÐUe¡il/ IVI øll;/

position chosen j-n a horizonlaÌ plane" Variaticns coul-d exist for

different vertical elevatrons on the sample" This could give rise to

possible ternperatu::e v.c.ria.iions in the plaie surfê-ce, These va:-j,aiions

rvere kept to a rninimu:n s'ìnce lhe verlical- dj¡nension r¡ras small in com-

parison t,o the ÌengLh and seconcì, all rnaLerials tes-'ed at high ten:pera-

tures had high thermal- concìr:ctivities and those vrith lor,v therma"l

conduct ivities ',{ere Les"t eC ai iorv t,enperatures" The glass resul_Ls at

hlgh ienperatures were nol considerecì valid, There are sorne end effecfs

buL ag;rin these are ver¡¡ sÍlall" iJso several thermocouples were pl-ace<ì

ì¡ lÌ-ro ecnnì ô +^ /ìa*a-,i-- .' ^^¡rì lemnon¡irr¡o .liSffj.bUtj.On On t,he s¡mnl cvv qvuvr¡¡¡tr¿l\, o ¡<vvq UçlLiyol 4Uul V UIr-rUI J-UqUJ.Vll Ull U¡19 ç@rrtpl9

surf¿ìce facrng fhe radiome'r,er"

In order to aitain bhe IOOOOF a hea+-er of 2OOO natls was used.,

The ent,ire heater seciicn was made oÍ B calrod heaiers of 250 watts

each" They 'rrere bent as shoun in Figure 10 and joined bJ, iwo sma}l bus

bers at each end to form a single heating uni-,-" The heater unit v¡as

placed directly behj-ncl the aL in" thick copper pJ-ale in the sampì-e holder"

Four srnall asbestos spacers u.'ere placed di r-ecfly behind the heâters ¿o

kc-ep the,-rr equalÌy spaccd in lhe hcfder ¿nd ihen enoLher thin asbestos

plaie 13 in" long by 3-ì i"" þ¡gh was positioned behincl ihe heater

psse¡nhìrr- rPþv',a.' Ì ¡"- hn'lt.s 'in f,þg baCk Of i,he San,nle holrler lF-'------ ^\éooerrruf,j 6 :lt.t vw 2 !L!. UUI_U¡ lli t tie UaU:{ OI l,IIe S__._* \_ _LgUf e y/

rtere lightenecì in ord.er to sandir'ich ihe enlire assenbly frrnly against

the flanges on the froni oi ihe sample iroìder. Since r,he heaLer tengt,h

was 13È in, long ¿Lt, its v.a.ìcs¿ poj-nt,, this left onl¡r i in" cl-earance



3z

betr+een i-he hea'uer eCge ano rhe¡ v,,aìf of the guard" Placenenf of the

heater was criticel because en-r snall a,nou¡t of excess o.¡erhang v¡ould

ceìrse the heater to r-ub along Lhe grrard wal-f "

The t,hermocoupl-es ancì power l-cacìs u¡ere broughr, out of the in-

side oi lhe grrarcÌ bv runnin¿ Lhen i.nsjr-de r,he one inch sLeel -¡ine w'nich

sun'rr:rt,s i.he spr"nl t= hol cl e¡ - The n^wêF srrnn] rr rl o.r'rì vr¡ s I I 5 wol t,s con-IJvvrv¡ eqJ/ìJ!J qvvq r'ev ¿rl

trolled by a variac" Afì,er several tries on the power selting of the

t'ari¿Lc, ii, r''as rel-aliveiy simple to oblain a desired ternperature

wi'uhin a sr¡all ran.qeo

Cooiin¿¡ i'.aÌ;er Suppl ..¡

llater frcn ihe hot and cold l¿aler l-ines was proÞortioned. to

obi.aì n cool ins r^raier ¿ll roon tenner¡i.lrre." Ertrenre fl-ucfu.ations of i^¡aler

ienaeraiure cÌuring the cÌa;-lirne hours ¡-lecessítaLecl running alJ- Lhe fes--s

.. + * i -1. i- 11., ^* +'oe:r¿ù;r1ue !vo.' 'hen fl-uciu¿i¿1ons of set'eral degrees r,'¡cre noled" To even

oul i;hese fluclualions as nuch.,.'l.s possi-ble Lhe r"ra+-er ì¡Ias passed through

a radiai"or anci fi nned tube in series afier l^.'hich ÍN flowed io a head

iank, A line fron the head Lank feC lhe apparatus with coolinq water"

(Fì ør¡-"n I /, ) - An¡¡ l.emner¡t.lrro fluctuations v¡hich re::nained had +-o be\.L+,/â.'L)|,/

to'i erated.

The il-ow of r^¡ale:: thr,rugn t,he apparatus v¡as conlrolled by

ihree cocks on +-he cut, l-et side" Since Lhere hrâs rlo excessive heat

plckult in rhe ajtpât'alus, flows vrere no<i.erale but high enough to :i)eintain

a. reâ.sôn2bl r¡ hi s'h convective heat f r'ansfer coefficienl on the r.¡ater\21e'¿¿v¿-|á¿-¿_¿!¡¿ö

sicie of the gua¡"d coniai-ner" To neasure ihe v¡¿ric:' Le:rpera.Lure, s¡ecia]

fher"rnocouple i^rells rr'ere ne.cirined from brass. The wall ihickness was



¿!ÐroxiJïaj;el"y 0"00ii t,o O.OiO in, fhicic, EacÌr well v,'as filled with oit

into t'hrcìr ihe i:her:loccuple r,¡es inser"t,ed ancl helcl i_n place by a cork,

l4e;rsurinq Ecì.,ri¡:ment

Two main insiru:r.rnts used ior measuing rneans in thjs experi-

rneni. were (f) a siabilised D-C rnicrovof+- amplifier ancÌ (Z) a por'ua'ole

nra¡i ci nn nn* Âñ+,i omeler" Bot,h i-nsLrumenf,s tvere nnde lrv T,eeds nndrvU.: jltuvl U¡lviIrL) tYÇa g l¡iAUs W.y !ççUÐ O¡tL

1J^F+ì^- "^¡\vI ul¡r qvo

For lhe D-C a:rplifier lhe l-injfs of error. given by the

rnanufaciurer are:..

(a) of a'rplifier response: I O "l+1, o! range span,

(b) ol r:Leter r"eadin¿: add Ii¿ to (a),

(c) of zero: rna:.limurn of ser¿ t 0"5 rnicrovolts within which drifl

wj-iì nof exceed 0.2 ¡ricro-¡o]1,s during a l- minut,e int,erval , after vr¿rrn upo

TL:e a:rplifier has a res:onse lÍme of +-wo seconds for 2000 oh:ns naxirnun

source resistance ancì threc secouds for l-0,C00 ohms naxirnum source resis-

tance. These are approxj-maie.¡alues for the ins+lrument to obtain v¡ilhin

t'l of balance" The a::r-oJ-if i er ha.s the iollorving ranges rtith corresr:onciJ-ng

magniíicafion fact,ol"s as labulat,ed;

Range

' 0 to 50*¡v

0 to J-00.qv

0 to 200 ¡lv

0 to 50C ,r¡v

0 lo 1C00 -r¡v

0 to 2000;¡v

l"lasnification Factor

200

100

50

20

l_o

5
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The naxim.:¡n out,put on al-l lrenges j.s iC iriillivolts"

The acc-tiracy of 'Lìre,.:iriií'irrl r,,'as checkerl befor-e any of Lì1e

iesis t'rere perforr,lcd, Tl,'o r:oienLionei;r:rs welle used accutate io 3 0"001 mr',

One potent:i.oneler tras usecì. =-o a:pl¡t a biasc=cl enf i-nput to the arnplifier

and';L:.e oiher usecì to mearlul'ethe ouinui- îrom itre amplifier, TLre pofen-

ii.oine'uers rvere also inlerch;,-rrgecl. an,ì ihe sane procedure carrj-ec out.

I¿ rvas proven b]' Lhj s method lhat the error in the amplifier i,.¡p*s wel-1

rvithin lhe l-iniLs siated ì:tr 'lhe nanufacturer.

The poienlÍonnet,er is cìesigned pri-na:'lly for rneasurenenL of

t.he::¡rccoi:.p1e emf rs buL rnay-oe usecì to checÌ< olher potentiomei;ers" The

insiru-nent, has two ranges, one of 0 to l-ó nil_1.Ívoffs anci one of O to

B0 mil],ivolts" 0n the lor,v range ii is possi-bì e lo read to thc nearest

0"01 oi a mil-Iivoli and es'Linate the lhird decimal iÍ'nccessary" On the

h:gh ranger you rna;r 6"¡ioare i,he second decinal point but no further"

iiÍ'i sc el}aneoul Equipnent

r^ri ¡ s

A trrren'r,y-eight posilion thermocouple switch ancì. thermocouple

ÂJ-L the:mocouples hrere tn¿de of ä 21+ guage iron consianlan

r'¡tr.1. Tn f.he nÞÊn;¡r;li.ion oi r-¡¡h itlnni.ìon : /,C) rrn'l+ 
^ 

n rrn-li¡¡l/4 vFs¿ _.._ ___--, * __ vc) | L l,-"u. voJ_Lage soul-ce

wes used" One lead fron the source was cormec¿ed to ihe therinocouple

"^¡ire. 
The oiher l-eacì v¡as connected to a snall copoer terlninal which ex-

iended into an ink botile half fil-]ecl wifh ¡nercurì,'coveÌ'ed valh a thin
fìlm of I ioht. t,.ansfor:ner oil, To f'o:":n a lherrnocornle h,e:rrì t.hre tl^.,rsted:.*ö^.-vveu'

enci of the fhernocouple tvire r,vas cìipped nonentariJ-y inio the nercurl/ at

t¡hi-ch ti-¡ne an arc occured. l-jach bead thus formed r¡¡as Lesled for" con-



linui-r,y anil observed unCer a mi eroscope for an;r iruegul ar.iiies"

Tne acce¡ied acclirac;r y¿l¡s ;ls pu'rlishecL fol" the iron

cor-rsiarlian r^rire rn¿s -! O.5ï1 " This was checked a'u 32oî and 2l2oF ancì found

to be r',ithin + O"25f[ o:'v;j-i,hin the lirnits of ihe poleniiomeier"

¡Tr.ronl-'¡ l-hr-pp nni'r.'ì êc r.rF:rê n--i cin¡l lrr hnnlrerì lrn. T,un nî theSevvup:\, j) !¿vr ç u¡ !ð.L¡lüf -t.y rlwv\çu u!)o ! iav u.

lrr€Íe flo+- uscC sjnce the¡,r re¡td lhe inlet and ouLle+, water temperature fo

fhe thermopile cooì-ing jackef which was dj-sca.rdecÌ before rneasurs-nenLs

'neorn fl-o ^i +hp f hamanar.' 1a. in the b_l_ack þgdrr rerrd ìn¡"or^nact-rr, ¡-Ä¡vevuìrIeo Il¡ U¡¡ç w-LéV^ VvuJ f çCU IllVVl I ç9 UaJ drlu

v¡as disregar.ded,

The t,herrnocouple sel-ector sivitch used iuas nade by Lewis Eng.

î^ rTt__-^^ 
^ry 

c -ìuua¡ rJpç ./- ( r )g B4 (Serial No" 336t)" The positicning of the sv.'iLch

snd various couples ma-1'be obsc;.r¡ed in l,i¡;ure 23 (Àopendix A)"

12) i¡r orcìinar.y thernos f'o:: col-d juncfi-on refeï'ence of thermo-

coupl-es" Two leads entered lhe reierence flask" Exterior cocÞer I eads to

the polentiomeier r/ere connec'Lecl. aL a conmon l-ocation to lhe lher¡no-

coupJ-e leads. lio *"hcrrriêI gre.dienL exisLed near or at the junction poini.

ß) Two power var.iacs Lo con+lroller heater power supply,

A I,ó KVA (115 vcl-'¿) variac lras used. to regul-ate the power.

^..-^-l-- +^ +L^ *..òLrlrJr(y uu ,r.: rr+in heater of ihe black body, A 2.O KVA (r1 5 vott) var"iac

'I^r.âÊ ìteOrl l-.n rasrr'lp*.p nn¡,rpn f.n *he q:mn]a hprf a¡ev ¿ võur(rvv Ì/vjr9t 9v (,ttv ua:LvJv l¡vø9u: 9
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Five drfferen+- s¿:nples '¡.,er-e iesLed for. iheir direc+-ionaÌ

anìccirrâ ñÉ..tôF-ies" Thesg 1,,'el'e côn¡cr alunrinl:rn alr:ninltm foil -l^-^v]J\,r u:uJo :t¡vrv r¡ll e v_rr.-- .*.1, Glwillltult Iv¿f,9 ã)I@Jù

a'¡rì n¡i n* e.l n.r^- an i n *h:ri nnj -r rlh n-mnnnrr. ì ôq we?e nlaCed On eachv_ uv: o rf 1vL .;JJVvqIJIva

sampl-c and Lhe surface cl-eaned of an)/ foreign matter"

Copper Sa:nc-l.e

A I/S in" thick plate of pure co;opel'1^,?s cut to samcle size,

t3 in" Ion¡¡ AV 3i in, high, Grooves O"O3O in" deep we:-e machined in

val'ious posilions as showl'l in I'igur-e Il . Holes were drj-lled fo l+iihin

0.010 in" of the froni suríace in each of the five cos'itions indicatecl.
¡Tha i-).,o-¡rnnn,r.^'l o hp¡¡ìq r,rênê nì rege in lhe hOleS and Cemented intO .l1]-aCe

i;vl v },:ovvu ::: u¡:,/ tlvI9Ð a:lu vç¡:rç,t¡u!q I¡¡L

'¡dth thernon, The remainclei' of -Lhe lhermocouÞIe wire r"¡as lai-d in ihe

miLled groove and led to-r,he oLLiside eCge of t,he plale.

Excess ther.lnon r,,,'es renoved from ihe back of the plate and

t,he sani:Ie !.r¿s placed in posi-,-i.on in ihe sample hol-cier, Th:ee seri-es of

e¡:ler;\r clofhs were used to snoolh the surface as much as possible" The

eneri'clo-"h was Struers pregrin<ìer griis 32O,l;00 and 600. The operation

was dotre by ha.nd" FinaÌ}y, the sarple surface v¡as cl-eaned with ace+ucne

to remove an¡'Cii:i and finger prints" The sanple was lhen l-oca+-ed j-n

pl-ace and iesteo"

l-l-rr¡ninum Sa¡nnle

Exacily ihe sane procerìure was followed in preparing the

..l ,-;-,.* ^^-^] ^¿! qilll lUlL ùcr:llP-Lç ¿



-a.Iumi,nun Fcj j Sanpìe

Since t,he ah.u,inr.rn foil '¡as too thin io use alone it r+as

placed or ârro+,hei'surface" It'.^¡::s decided [hat since the copper plafe

haC a ver'.¡ high thermal conducl-iviiy, i-+- v¡ould be the besL ¡naierial- to

use. The serie copper plale t;as usecì as described previousl;r. A thin

}a;re:: of varnish v¡¿is applieci to Lhe froni surface of the copper pJ-ate"

The aluninur:i foiÌ v.'as then rolled on and ihe excess tri,ïrnecÌ frorn the

eCges" Tiie initia] thermocouples were replaced wilh nev¡ ones in the

sane nanner as described in p¡.ri A" Since thei^e r+as O"0l-0 in" oí cop,Ðerr

a \¡ery thin laycr of varnish and a thi n la;rer of al-urr,inu-n foil in

se;-J-es, i'U rr¿as assurned t,hat the tirernocouol es woulcì give a good indica-

tion of lhe surface t,en,oera+,ure of the ah¡riinun foil" The surface vlas

cl-eaned'",¡íLh acetone and Lhe sa¡nple i:ut into pl-ace and tested" Care

was t.aken 6lttrino iha onfira nnn^çSs SO aS nOt tO SCfaLCh Or naf the

surface of ihe foil"

G'l.ass Sainn-l e+

tinlike the najori-iy ol solio ¡naLerials, glass is fransparent

io ce:iain radj-atj.on h'evelenglhs" It is nearly cpaque t-o radiarion

r+p¡¡el c¡c-f,hs hevor:J p-nnrox'ìn;;t,el t7 a t t ¡nrì f.-.rrsn:.1. enf iO f aCÌi¿ftiOn at!!av 1/:v¡rÉvr¡J vvcy v¡-:ttLtrvvLJ /.1'

qh¡ri.er v¡a.rrel errsf.i. . Al I r^':.rrnl en.:lþg o-f faCialion a.-' e oiven of'f 'c.' +'^ô
tl¡Ul UUI viGvUIU¡I5Ul¡o ¡-.Itr s3vUIçiIiaU.¡9 vJ i GuIau¿vt¡ a¿ v

suríace rùich i,s directly behin<l'bhe glass pla.te" Hence, sone of ihe

racliaì-ion reaching the recci-veï' ccrnes from the meial which is direcfl-y

behi-nd and in contact wi',,h ihe g};rss. The tolal radi¿rtion reacfring the

r,hc-n:noni I e 'i s øi rre¡n hv t.Ìre irn,l¡'i.-i on:v¿uõr

-AJ'"s 'h t rtÒÕ



?a

"¡here 
R- is lhe re-diat,ion froin the elass. lÌ thal'n¡hich r"ould be re-gjll

ceived fro¡n the nelaÌ ii lhe gli:ss r^rere no'¿ oreseni, and ,r'- Lhe
t)

lnl
tr"ansmilLance ci lhe glass fol- this radiation,t"/ The transi-nitlance T'g
can be cal-culaled if the spectral distribution of F'* is knor^,ln and

tlL

speciral-t::ansmÍitance de'r,a for ihe .glass is available" Tne spectral

transrnii'r,ance is clependenl on tire thickness of fhe glass and lhe i;rpe

of gJ-ass under Lest" The exacL d¿rla were noL available fo: the glass

used" If was decided Lo r"un the l,ests and ne,slect the second lerln on

t,he rir:ht, hand sicie of the a'cove enrrrfinn ¡nrì ¡^mnrrê thp -^esrr-lfs l,¡ith

existing dat.a t,o ascerLain 'r,he valiciiiy of' the assrr:'piio:r"

The glass sarnple rr-3s cüL to -uhe sar,re di¡nensicns as the olher

c'rmnl ac 'P¡ a + l''i nìznpqq l¡;r q ry\n ¡¡..i *^{- ^ì .. -ì /+ : ^ Th,armnnol,nì r.ts 4g¿fd nOtt.;¡Ljrlvoo rf 1e ell¿vÂIÁçJÐ liGJ QlrLrl UfJll.éV\-L,\' L/ I lllo ¡IMlllu9VUPaçÐ L

ha n-.ciiinn..>.1 -- i'.hev r¡reì^ê .'ì n f.i.a n*ho-¡ -rnnì o- beCaUSe Of the diffi-v-:v vv¡¡vr Jq¡i¡\/Ivu

culty in machini-ng or drilJ-ing gìess" Ther"efoïe) ihe ihermocouoles were

placeil on lhe fron-t surface of 'uhe glass by ceräenLing lhem into place

wit,h ihermon, A thennocouple was noi piaced i.n positi on fl 3 as shown in

Figure I]. The v¡ires for thernocouples íl Z ana iÍ L+ were run \¡ery close

to ihe boftonn and top edges of the sample respeclively so they would

not, be rrseenfi by the radio¡reler durìng testing. ExLreme care r¡/as laken

to have ihe thernocouple beads-bouching tire glass surface so as to

obfain es true a surfece renperature as possì-ble" iì¡,'nrnnÍng the t,herrlo-

couple leads along the sanple, Lìre co'-:ples tend fo alt,ain fenperair:¡e

equilibriu,"^l v".j-th the glass plai;e" Thermocouples were surround.ed by

thermon v¡i'rich has a t,her"ma} cono.uc'Liviiy aporoxi-inately +-hat of iron"

The ihermon iends to assunie the sane temlieralure as fhe glass surface,

The error l{as asslrned Lo be ncgiigibe or snall al low ienperaiure" }.iore



1+O

explanaiion on actuaÌ vêl,ues j-s .qiven jn the resulis,

The sa-me copper plale vles used as previously described" The

hols5 I'hcre íher,locouples vrere placei were exLenciecÌ to jusi break t.he

su:-í'ace o"f the copper" 'ihe ihermocouples rvere posiiioned .Ls previcusly

desc:'ibed uncÌer Lhe copner sampl_e,

.{ff er Lhe lherrnocoup}es l"/ere p}aced, the fronl surfa.ce was

painled wit,h lhree coats oi l'Ìet black paini rnade b;r NorLhern Paini Co"

The sanple was positioned in t,he holier ancì iest,ed.,



VI

Figure I shovrs the approxina-r,e locati ons of all- cornponenls

of i;:^c ap':ar-afus. The gua.rd, r¿lciiomeler, b'ìack boC;r, one variac,

Lì-rell:lccoup]-e slrii,ch ¿mrl jce baLh were cl_¿ceij. on a rigid labl-e" The re-

nai-ning verlac and two insLru"renLs r,;erc pL.rcecÌ on a counter nexL +-o

ihe labfe in the room" Before ihe tesfs could be perfor.rned the

prrìì nmat ar Þ'ì c1þ }_-orlv and .¡pr¡J were nl:eerì in exaet al .ì ønment, Withó\^(_r u vv vf \/ iJravvu ¿¡¿ urr¿1¡r¡rrvr¡u

one ano'r,her" The Þrocedure follor.¡ed is listed belor,v:

I

f ^--^ì ^J

) ihe raciiorne|er r'ras posiLioned ::.nd

table" Tliis assured that the radio-I evel-ed close 'co one edge oi' tire

neter pivor, shafi r.'as verlical,

3" Before fÌ:e sanple holder and sampì-e \¡/ere placed insj-de 'r,he

<¡rr:¡¡ì ¡¡'ni'¡ìnan lhe veriic¿ll centre l-i-ne and horizonial cenlre line of

f ho c¡mn'l ê r\rêÞê idenLifieCÌ On Lh. q:nrnì a crrnfraq, A Sla]-I CifCUlaf-

mirror wes.;ìaced over fhe ceiltre point of the sanple ancì taped in

^-l r¡o 'l'Lo il.onm¡¡61 ¡¡l ac en,,l n^ì,ref leaClS i'fOnf 1,he s¡rnn'l e .:nfl sprnnl eyrvu u,¡rJ yvyJv¿ !v@\^r ! ¡ v:lt utrv Jotrtplç @¡¡q Ð@riy¿ç

heater respec'i,iveJ-y, were brought out rhrcurîh fhe l- in" sLeel shaíf 
"

Tite sample hol-cìer vlas now -claced in r,he guari conLainer and-Lhe lid lvas

s ecured,

4." Ê I i na n. --i ñê +'^-^',-h i,he centre Oí i,he o¡¡-¡rl h¡| lreen narkeiu¡¡v ¿isa¡q f¡.:u vv9

Lhe guiird Nhen --Ì:e i4 in. vier.ring hole was clrrlled

same line was usecÌ io ajisn t,he radiomeler l.¡ifh t,he

/.(i"e" the cenire l-lne of the raciiorneler l¡/as nade to

The table upon which ihc anparatus',nras +uo be placecì was

Tha ìr¡ qe n] r'í-a hn-l ¡'l-ì ^ryyrcwv rrvru-L¡rõ

on ihe botior of

n-n ar¡ì nr r c-l .t r¡h i -

olr:2,¡_ì c ccaml.rl t¡



¡-

coincide ',"i.lh ihis line). TÌ:e guard ',.¡as i:laced on Nr.¡t¡ boa¡'ds v¡hich

raisei ii aboul I'];, rn" abc-¡e'¿ab-ì e level-" The guarcÌ v.'as moved forv¿ard

unlil r,he raciionaeler, lrhen :'oiated, cletred the viewj-ng hole in the

sl:¡--aì brr;:lrol:t. ]-;.'- Thc o-lr;rd ¡ssomhlrr r.'rìs lerrclerì in i,his nosit,i-on andrT +¡¡o rr¡v L.

secured lo rhe tabLe "

( The ba.ck of i:he r,hcr'inonil-e r.rss r-enovecÌ .lncÌ a J-ighf source l.Ies

placed ins;cìe lhe guarrì so +.ì1e i:irror was visibl-e" E;r Ìooking through

ihe back of the radiomeier one was now e.bl-e to rtseerr fhe sampÌe" Firsi,

ihc sa::lpl-e holCers verLic¿il posiiion vras seL by adjusting ihe set

scre'¡.'s in fhe bushinr on fop oi'ire guard" The s.r.-n¡l-e holder position

rr'as sel; so ihai aÐpro)cimateÌ.y i in" sp¿ìce rernaineci beLr¿leen the botfon

of i,hi; hoi-cìer ¿rnd lhe bot,torn of'the Ínside cuard con'bainer'" The verLica]

posi-r,ion of Lhe radj.orneter r,ias ihen set 'uo make -t he horizonlaÌ centre

l-ine of'the fherrnonile corÌ'estoond wiih the horizonla] centre line of

ihe sarrcle surfp-ce"

A I3y lookin.3 through ihe back- of ihe radicmeter anci ro-"ati n4

lhe sanpJ-e holder and raCioineLer sìighrì.y, one wes able lo rrsôe'r the

irnage o.f *,he front, cliaphragn of ihe raclj-ometer in the mirror" r,¡ûren t,he

ima_qe of the Ciaphragm aareared to be reÍÌecfed slraighl back, the raiio-

meier"centre lÍne r.¡as taÌ<en Lo be exacLly perpendj-cul-ar tc sample

surface in both i,he vertj.cal anri horizonLal plane"

7" liliih ihe sa.nnie holder in Lhe above nosit'ion Lhe verniers

r^,'ere adjrrsted to read zero on the transir scale. Also a me-rk was nade

^* +L - L^^- *'^*,e of lhe r'¿cìion'eler v¡he¡'e Lhe sp::ing Ioade.l pín f'eJ-i"Ull Ullç UdJg PI.JUY UA Ullg 1dU-LUl:lgLç1 [Jllg:ç UlMl-

A small depress-ion vras i;hen driileo in the base plaie" Bv posit,ioni-ng

t,he sanrple usi-n¡. 1,hc fransi+- scafe selt in¡1 and rad:ornef er with Lile spring



L')

loadeC pin, lhe perpcncìiculsl'ii¡- '¡ias aËaln checked a.s a.bove and a:.7

ninor adjusimen'"s r.ade ií nccessar';¡, I'1, '.vas fourrd th¿i ihe spring
-ì c¡deri ni ¡ noc'ì|i-oner cn ihe :aci: cnelcr 'r:crked 1¡¡.rrr Ì..ipl'l âl v"rrrr:-:,r¡1 F'vJ:uJ_vlr\/¡ vrr U.l9 _ rlL-i-.UrltçU(ri /.VL 

^9U 
!., \1./ t¿U!¿, Gf vJC.I Õ

sLooprng ihe radiomeicr jn -Lhe sa.r'¡re exac't,;:csition. Once lhe raCicnreier

posil,icn r"as sef and the r¡c:r:niers of ii:e iransil scaie; i'ead correcfl-y

the rnaxir.um angle'-haL couLd be iurried'..¡a.s cìeien:rineC" l¡,Ìrile looking

*k,¡n¡rch ì-Ì e l-,r^k Of the f,adiOntelef l_OV¡arCjS l,þg g:rnnì = (¡ri +h li rhtuqrrl/¿\/, \ yvr u¡ ¡ ¿¿¿r

source in pl-ace ínsicie f?re guard) ¿fte sarìple v.'¿.s rolated slolvly and

stopped in a posiiion v:fre¡.e lhe ou+-e:. edge of the saniple firsL bec¿,'ne

visible. The reaCing on ihe 'Lr.a¡rsiL scal-e at this poinl v:as B2..jo,

1'Ì.lrsi it ¡.'¡¡s srrrlli5gd t,har É2o i.oulo be the naxjnllrn anol e ¡s:e:cì in t,heul1qu e4 y!vqru uv ur¡v ¡!ro^J_..tarl ar..¿J¿v qvvu J

^^t,.^l + ^^ì-GUUUCII Uçù\¡e

8" The auxiliiarlr blaci.- bncì¡r þ¿¿ br:cn rnount,ecj. on tl-re side of

tl:e gua:C v.'ith its oneni-n¡; at iire sa.uìe Ìevel as the vie.r,.tng hole cf rhe

gua:'d" fi t''a'.s i.Lrerefore on.ì-;r necersê.r:{ io align the cen*urc }ine oi ihe

radi.cm.efer. This posit,i-oning r'ras nol as critical as fhe prcvious, Iithen

liie tr^.'o Lrere i-n l-ine, a second. depression 1^ras dril.l-cci in the base nlaie

of the radj-olleLer f'cr the radioneter- posii;ioning pin"

9. Thc radiomete:" ivi:s aga,in roiaied Lo r¡ie,".¡ L?.e large bl-ack boc.l-¡"

The bl-ack body cenLre iine ancÌ rad:.orneier cenire l-Íne i.;e''e aligned. The

black bocÌ;r r,ras ¡;csilioned ver'r,icalJ-y so i,hat Lhe redione'uer. r¡iewec ihe

bl.ac)< bod;r t.hrough the cenLre of its opening. ì.,hen lfris,...'as establ-ishei

n iÌ'i pÂ Àar.na..-i On WaS dfi_] ] eCÌ i- tha 'n--.a nl ¡* a i n r¡i pì rì f 1- a ¡'i_nalvoJv LJrruv uv J !v:u u.,v f l

ilole fc: ihe posiiioning oin" Thus l|-e th:"ee cxacf vier,..ing posit.ions oÍ

ihe raCicne'r,er h¿;.d been deiernined"



Ut

10" AII t,hermccouples ancì pol^.rerî Ìeads r,'rere connected, The

+;heritiopi-ìe oulpul vras cciìnr:ciccì io ihe D"C" anpJ-ifier ancl the anpli-írer.

was grounded" A cÌoubie pol-e, clou'cle 1,hro',..; syrifch l"r¿J.s used in conjunction

**iih "¿he potentiomeLer tc enabie r-eacin,¡Ìs to be laken f'ron eit,her-ohe

il-iermocoupl-es or ilie ther.no_'.:i _e"

11"

L2"

Al-1. '*raler sup'.ll¡r ¿lncÌ r'cturn lines vrete connccfed"

Af i.er sc,"te nrol i'li n¡r.r¡ t.esf.s tr'êpê -rrìr'r1 ìl' r^r¡q fnrrnrl nÊ.ê(rq.n/\/rr-.¡rt¡¡G1 (../ uvoua vtvr ç I u.f l, IU rJalù avur.u ¡l9uuÐJétJ

Lo conneci, r,L:e ra.cìiator ancÌ finrieiì i.r¡be to the water. supÐfy in an

alt,eapt, io reduce the rnagnii;ude of i.he w¿rter ieinper.ature i}ucluations,

The r¿"cli-orneier v¡as shielded r.¡itn ah¡rLìnum fcil affer. it v¡as deternined

lhai tÌte 'i'¡ater cool-ed ja.cltci on the iherniopile 1^ras not beneficiaf"













VIi TIiST PIìOCEir[iiIT

Olrce the three cosi-tj.oning holes rvere cìelernined for lhe

radioneler 'uhc f csi p:'occirrrc becancr r"r:falivel)r silìple.

1" The coolinq rva-+-er t''as iurncd. cn ancl ihe porii<>ns of hoi ¿:-lci

col-d l^¡eier Ì\'ere adjusfeC r.c, vielci.a v¡atc: su¡rplv at rcon tenperature.

The various flov¡ raies ¡r¡ere sei so that, ther"e',+as jusi a sirrall. trickle
of '¡¡ater fro¡n ihe over.fl-ov¡ ol-r ihe head t,ank,

2" The por,rer b/as lurned on í'or' lÌ:e sarnpì e heatei: arrcì ihe varia,c

r'¿as se'L ar the desired voltage. The blac].: bodv was leílt on confinuafly"

3" The ice was placerj in the t,hermos ancl the col-d refet"ence

junction r.¡as inserted. Bo'Lir insi::unenis were turned on anci adjusteC

ior zero posÍLion, The eop:ìral,us v...¡.s allowecì io reach equitibriu.n con-

Citions rvhereupon .-,.he te¡l'; r,.ras l:egun"

l+" Enfrs for afl the tireri-nocouples were iaken v¡ith the tì.,ne being

noL eC "

5" The ra.diometer '/¡as rotâted. f:-on ¡osition to nosition ,¡jth

r"eadings being taken in tfre following order:
/\(a) iluxifliar¡¡ bl_acÌ< bod¡..,

/r \
( b ) Se.::rple,

/\(c) ì¡iain bl-ack 'r:oci;r,

/ ì\(d) ,'iu;:illiar.\' black bod¡r,

( e) SanpJ-e.

TÌris procedure ,.1râs reÐea-Lei. foi" the iollowing angl es, Oo, fOo, 2Oo, 3Oo,

¿oo, ieo, 60o, 65o, 7oo, ?5o, soo, B2o anc bacl< io oo. step (c) rv:.s

onÌ¡r perfor:red at oo, 3oo, óoo ar,d 82o sj.nce it remained reascnably con-
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sl,aîi.; -"i:rcu¡hou¿ ihe ics*,. Tilc iine,."as no-.e.f for each sei o-i reaiÍngs

1,aKen, fcr each angl-e" Occasj.onalJ;u, ihe iine wå.s oril-y faken ¿t inber-

vals r.¡hen fh.e i,est hao tc be di.scontinur¿C monentarily to r.rait for r,¡ate¡-

ì;enpera'Lure fl_ucLuafions t.o di ssi pai.e,

6, ì,hen the readings on ihe r¿:.d-ione+-er ve?e comcleted. all themo-

couple e;i:f 1s r,^rere ag:lin iairen riii,h the tj-ne being noied..

7" To conrpleLe the lcsL, the wel and dr;r bulb ternperalures were

lak-en"

The dafa sheet. i s shov;n in -,1:e sampì_e calculation seciion
/:. ^\(-qìrpencix sJ, 'Ihernocouple c:rf rs v.'ere aver"agec and üre correspondi_ng

'i-êm'rên:.:Ì rlnpc iar¡¡¡l 1'r"om t_nrr p n-,rnnn-ì ri- a *:h'l ocrvqttu r¡ \Jilr ul¡ç Éuua vpl ¿cuv uqutç.Èo



V]I] RJìSUi]'S

Iriv e sanip.l-cs i¡ere Lest.erì., -i:r.ro non-electr'ical concl.uc+-ing,

na'¿er"iais arid ihree elecLrical- conciuctor"s. Each sample vras ¿esLed orrer

:¡l^,l"nvimr-l-.a'l' ihp srre i-¡r-ï¡ê-.rì ^"^o-- -^-o.-
- -,rìrc ran¿je, 2AO- ¡' -uc 3OO .b', to ailenpr

ic est,ablish a:r;r trends i:'r ihe che:lge of enissiviL¡r r.;it.h tenperature"

The direcLi-onal enissivity irnci lcLat iie;;:iispherlcal ernÍssi\ri-u/ viere

calcula'r,ed for each sampfe" The direction.al enissivi+"ies are ta'oulaled

as iesignaLed Ín r,he follcv;ing subsecLions" The total hernispherical

enr-issir.j-+-)'fo:: cach sample ¿uncl the ra-Lio of lhe tor,al- hernisphe,rical

en:issj.vity Lo tne io-r,al norrial emissivitJ* aÐpear in Table 5.

Cooner

Sone dii'frcult,y :!l'ises jn fesfing a mater"ial such as corrper

^r,,-.F +l-,a rra-ì -- t,ennernt,llr.e rprì r.e beC;lUSe Of the e.h.inoi nr; ch;ractefiS_ov\44 v vvv.rqJu vr v¡rv v¡^d16J-¡¡l:) v¡ru4 Çv

iics of f.he surface as ''.he sai'apì-e is heated i:c va¡-ious t€mperatì,Ìl:e

ievels" The sarnple was polished io es smooth a surface as possible r^¡ith

fine erne¡'¡.'cì-cLh before i,he fesfs rvere begrln" The polishi-ng v¡as done

in ihe horizonr,al- direciion with respect, to the +-est, position" IJone or

vei'y Í'etr vertical scrarches ol- disconi;j.¡rliiies reinaineC in fhe verij-cal-

directÍon" Tests ii t to # ? inclusive were run on ihe copper sarrrpl-e

at -,eú.pei"â+uures indica*"ecì j-n Table l-" Once ihe inaximun tern¡eraiul'e tesL

r',res cerforr:erÌ iher€ r¿iere no ex-i,rclce chranges in eini,ssiviiv values on

t.he iol I or.ri nø t.r..'o t.+q.t.s ,,j (, .^s ,!i 't) if " dIl(^ , l o

Ðireci,ional- plo+,s for it'esis /l l- ¿rnO # 5 ai:pear in !'igu:'es

znd 23 resÐecLjvely" It m:r.y be noLeC fro;'-, Ìrj-rure 23 and lhe resul'cs

22

ol



Test /;1 ó :-ncÌ /l 7, tnat bolh ccnduc'¿cr ¿nd non-co¡:ducfor pi'operties are

shoi'"¡-r" This í'ac-r nay be bor-n oui b;r Figure 20 rvhich is a phclo cÍ'i:he

copÐer plai:e afier iL r^¡as i'enor,'ed frc;n the apparaius. An oxiCe coaling

appear"ei on i,he surface bui il ivas nol uniform ¿¿nd had scal-ed off in
nLrlnerous positicns " Thrs ciouble prooer.L¡r rela*, j-onship is also shor..li by

ril-o'¿r;ing the obiained .,-afucs oÍ - / t-LU/ L* on i'igure 2. The value fatls
betr^¡een lhe iheol'eiical- plois(3) ,or conductors a.nci non-ccnductors. The
f- tr-*H/ Li,¡ v¿l-ue for Test il r is sJ-ightJ-y higher, which it shou.rd be, for
t,he oxide ra.yer had onr.y siarì:ed io for-m at ihis l_ovr temperaì--ure and

'r,he metal-l-i.c properbi es prer.ail-

As ¡ney be seen Ír.orn -uhe ::esul-ts oí Tests íl Z, il 3 and, ll t+,

ihe surf¿.ce concitions of Lhe plaie changec a.s the ienper¿.¡.ture was

Íncreased" It is difficul,1,, .for copDeï', rt,c coîrrpâre resul1,s wi+-h publishecÌ

values because of ihe diff'ei"eni Cegrecs of oxidation l+hich rnav be obtained

on such a sample" Ìric;\oans(Å) ¿{i,,r." a tcfal- nornal en:issivity for a

copper plate oxidized ai flfoo!- e,s O" 57 for a Lenoer¿,*ture range of 39OoI¡

to ÌflooF- This is considera'cry cìiffereni from our value oí e¡: = o,¿uj

bui- a temperat,ure of l-l-1oo¡'r^,as noi attained in fhe tesis anC ihls woul-d

probably account for lhe cìifference"

To check ihe valjdit;, s¡ Equation (i.O) ¡y Schnidi; and
f ? IEckeri\'/, a val-ue of Õ* was carcufated al 2o2oF for t,he copper sa-nple,

The va-lue obiainecÌ r.¿as C,,, o"or55, This f oial nor"mal enissivity
v¡as considerabi-y ior,'¡er iha.n an;' resutis obj:ained. bV ¡rreasuremenf i-n

ihese t.esLs and also l-olrer than flie Lo'..resi published value of
/^' /¡ \Í- ^ ^^_ t 1t*Ii : u"u;u'-' for a hrghly poiisheo copper pJ-aie"



qt,

.aJ-u-nii-n¡¡n

The foi'maii-on of anl¡ acdiiional- oxide on the surface of *'he

alur,rinr:,-n t^ras vi-rlual-};'undeLec¿able in the resul¿s of the lests or by

visible insr;ecLion of'the plale affer il rvas rernoved a't, the com-o-leij-on

of the lesi;s" The sesrple';ras or"iginuì}y polished in the same manner as

the copner sarnpJ-e" Tesls /l S to # t4 inciusive \^.rere run aL lhe ienpera-

iures given in TabÌe 2"

There is a noiicea.bfe increase in ihe elrissivit.y values

for ?esis il tO, iítt, and iÍ 12" jjach ì:est shov¡s fìre sa¡ne rncrease over"

ihe nrevious, The increase uas no'ú a.tiribufed fo the formation cÍ an

adoii j onal oxiCe coi:ting bcca'rrse f or" TesLs # 13 ana # l.l* tne ernissivity

values cj.ecrease agaj-n t,o pl'ocìuce resulis even slightly J-ower lhan the

first ûvo lor^.'lernperature iuns, Tesls ill I and il g. tnis change inay ha.re

been due i;o a suriace concìifi on change in ihe aluminum causecÌ b;r lþs

¡'ne¡lìno nf rÌr+ sa'nnle ¡1. r.h¿: hia'h i.ennpr-:¡i.11v'6^ The increase irr

eni-ssivities l'"rth an i-ncrease in temÌ:erairrre is a colrmon characLeri-stic

of rneiallic su:--faces" A direciional nl-oi for Tes+- lr'l0 is given in

!'igure 2{"

/-- t t'-The hernisphericai errissi.¿Ír-ies and LÃ/ L,- raLios are l-isr,eC

in Table !" ilxcept for the Cr,/ Ú,,,.¡alues for Tests # I and-li 9, the

remai ni nø vplnes sholv deflnire ccnduci;or. nrooer-li es- For a¡ alun"show deflnire ccnd""¿o. properfie5" For ar alurnrnu-ro

surface oxidized at a iencela.ture of lllool.-, l.lcAcÌ:ns(4) givu" val-ues oi

e ,,, ". O"1l- r:o O,I9 for a ierirpei'aiure range of 39OoF to ]11-0oF. Th"

rctal nornaf enissir.ily vii-ues oi our t,esLs fall well r'.iiitin lhis range.

i.Iuminuni has lhe pro,ocrLlr oi oxrdi:z,in¡ ver.y orrickly ani fhen sho'*rng

r¡r,nrr lì++lê chrrnøo r,'i*h ::i1 c:. -i nn-orqa iir tar'n¿.v vr'.v aJ- i/ urË ull<rJt.- *o.- - -*.._r,;f"illlìf € "
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llcr^ation (10) was used fo checl< ihe io'ual norrnal enissivii;'

oi.llumi,num" The ¡.¡a'lue carcuialecl for" a +-cnperaiure of 2O2or v¡as

Ln, = A"A2L2, TLris val-uc 'ì s azri¡ l-ov¡er iha,n any of the resulls ob--I{
1e\

t aineil anC lower than the pubJrshed resui+. ''' val-ues at, that ternpera-

Â--l '.;n:.nun Foi-l

Only four tests,.1rere run on t,he alu¡ninum ioil because the

¡'¡i¡i r':rcn1-. ìln i-.n t.ìri s nni nJ. qeernod l-.n h- n.-¡fnrmi ns nrri f a nel i r)rl '¡u¡¡r-J r/vIrrv, L)vvlltvu Uv 9J lJ!l avr lllrllf) liq:uv M¿éIJIJ €

Tempcra-Lure and cmissivitJ¡ val-ues are recorcÌed in Table 3, Ther.e is an

llrâccoìmlr,able dr.op in the eni-ssi.vity vaÌues of Tests li L5 ana # JS" Ii

'.'¡as iirsi- ihoughi: thi-s drop ttas ciue fo i-ncc¡-recf t,emper¿ì'r,uie readings

causcC b]. ihe alun'rin,-m fcii breai<ing',i':e bond betv.¡een itself and t,he

ô^:.ñ.j^ nì ¡i- Î'hi c r!ì¡ h-r¡p '^¡o¡ lt¡rf.i.l -'l¡¡ resnnncih'ì e io* ,.r1.,n4 iþgr.reJ ^¡ç -LrGf ur;-!J I ulvvrI-IUIç, M ,Jt.çI

sanple rlras removed, the¡'e 1^.'ere ereas l^¡he::e the al-umj-nu.n fcil had íorrned

ven':h-i-- a;r pocket,s" These pockeLs djci not, appear direcfl¡¡ in fronf

ni ¡nr' ¡i- iìro fi ¡¡p f.hanmrinn'r-ì ec 2¡¡¡Ì t.hr^r t,emner¡.tUfeS ai lheSe fOSÍliOnS*-.,1 ¡..vvvqlr¿v\, orru u¡rv uv¡rl!/ua /:

I^;ere assuned to be correct bul ii; nay no't have been Lhe same j.n

pos-ì ii-ons 'dhere a-ir pockeis exisled" This situatíon nay have resul-ted

in l;ennerat,ure gradient,s ex-istln¡¡ on Nhe sar:rple surface uhich woul-d

beco:ae nore llronounce,l at ì'L ip;her sarnple ternl:,er'¿itures. The twc lcl

Leinperatul'e runs yield si.:lil-ai: values, These values are vcjry cl-ose i-o

ihose obiainecl b.¡ Schiiridi and Ecke:.t\)'' ¿- inCic:t,ed in Table 3"

i.t, was neniionecl prevì-ous'ly '"hai for- br"tght met.rÌIic surf¿.ces

'Lha¿ 1;he i;obal, hernispheri cer'ì eni ssir¡ily l¿as r:sua.l-]y I ,1 5 Lo i "20 iirnes
(?l

ihe r,oial norrnaÌ amissivilli,.'-'This is born oui by ihe v¿l"lue:s of



f' t/^i*/ {n in Tesrs il 16, /l l7 an¿ il rS" Test # 15 is slighily fcr.¡ buL

one r.rusL kecp in ninC ihai;.ìn.,r 5¡1s11 cha:r¡e in lhc, value of e., vrould
li

Clra:::c f,he nar,i ô ^^hc'i¡l¡.¡r¡) 
-l r" Tl" ^^-^-hi ñ- r^^+'' lhe difeCLiOnal andsuIV v\/I¡JLvv! cL¿:J o Ð.'i Uvj¡l!.--: at:¿r VvU!i

lo'¿¿l hei.ispherical- enissiv*f ies 'rriLh published resulis, i+- is concludecì

fha+- the resul-ts of Tests ¡;J i5 a¡cì ,ii LB are rncsi r"el_ia.ble" A clirectional
, llplot fcr Test i' 15 rs sho'.,'r'ì in pÍgu'e 21"

Glass

;is iesLs v,rere run a'L higheLl lelnperatrrres, iL became evident

lhat c:i ther sonìe racii-at.-lon,r.'âs pâÐsinS rhrough the glass fron fhe cotper

plai;e or "r,he ther"nocouples',r'er-e noi-, giv-ìng a lr.rie tenpcr-atur.e. Cce of

ihe four iher-mocouples gavc air c:r'ûelite-i-).'lorv einf comp¿lred to the others

so i,lti s lo'.r ten..perature :"e::Ci-ng r.ras no'i; included Ín lhe cal-culaiicns,

'fne r enaining lhree r+ere j.n gooi agrccnent on tenperat,ures bel-o'..¡

^^^o-

fL was confirned t,!r¿+, -Lhe as;s'-inplÍon r.acie nreviousl-y on neglect-

ìn¡ i.ne r:ji¡i.i on n:rscin¡; i-.l.iz.c,rlr:n t.he rr'l:r-q r.r:q i^l -a n* t-.i nh .{.omnon:rf rrneqv l .iuIc-UIv-¿ 
]r'\.¿\rv:r¿

bi:t nci í'or t,enpera'Lures 'oeiow ;Oooir. rt ru¿¡"s mentioned. previor:sly thaf

no radj.ation hav.;.n,g a r^ia..'aien¿';Ìr of q;'ea.t;er I.han Ja1 will pass t?rrough

iire glass. Lssrrming Lhe pl-aie behj-::d -uhe zlass enils black- ¡".rdiation ai

a lerjìperalure cf 3ÀOoF, t,he porii.on of ::acli¿¡.'i,ion ernj-tferl below a wave-

j.er:¡;ih of 3*! is approxlnat ei;' C"5i; r.'nich iniroCuctrs nu*atgible error

cr-'rnpared fo ot,hers. Drrors in suríace tenl-,er¿Llire neasureneni pJ-us olhei"s

are iirl:erenf i-n all iest resuli,s" Because oí i,hese reasons. resul-Ls of
:t 

^^ it ^, , !, ^-?csi,s ¡ 19, iÍ 23, í¡ 2L enò ,ii 25 are ::c_l_urìeo as good coniinuit',' exisls,

Tests l,J 20 |ill a-rd iÍ ?? ,ìtene be]ier¡ecÌ t,c jnclucle excessj.ve errors and!¡ Èv) /i-: 4¡u ,¿



)l

ihereiore excli:decÌ, Tesis il t¡, il Z: i¡ 24 anci il 25 tno,ued goocì con-

iinuii;v oi' r-csulis"

The r"esulis obiainec'ì Í'ron gla.ss sa-rnple show Lhe non-coild.uctor

proper-uies ver)r r"ell- as ma¡r þ6 nol,eC in Fi¡;ul.c 26" Tne fabulaterj ¡"esulls

oÍ al-i'bests neríorrneC on g-i.ass are r"ecordeC j-n Table /¡. Since ihere

are inan)¡ diffe:'enf connosiii ons of glass, iirecL cornparison of resul+,s

is rai,]:er- ri. Íf icull , iicker-t 
(3) ,;verì â v:¡luc oî ^ ^¡ r-.uruø !vas1 u ¿jives a value of t',O = 0"94 for gJ_ass aL

a lelnperaiure oÍ' l-94ol' and a va'ì ue of ,g,, = 0.88 for ihe same temper-a-

ture" These vslues are appl:oxina.LeJ-y c"05 ler"r than tho.se obt,aine,j'in

ihe Lesis bu1; ihis ii.fÍ'erence aajr rt:sull because of a diffe:"ent conposì-

licn as we]-} as othcr ellrol^s j_n.l,r"ue suriece lenperalure meâ,surc¡äen-1 .

The arnounL, of t¡.a.nstili LLânc e of ei-r(:,r'sr¡ at ihe I or+ f enper-a,r,ures i s

n eglì.grblc,

Va.lues oi' €u/ €r,Ì e:e girren in T¿.bfe !. These resul+"s Çompai-e
/¡ \

fa'¡ourably r+ith those oÍ Ticker"i,\'/ gilren as O" 93 'Lo O.g5,

Pai-nL eci Ccppe:"

Ti.¡o iesis ivere pt:rform,:d on +-he paìnLed copper surface â'u tht:

s;l.rne ilr:npera.ir¡.re ancÌ prodnced verJr uniforrrr re sults. Te;lperaiure ancl

emissiv-iiy val-ues ài'e recoi:Ccd in TaÌ¡]': i" The ernissiviLy valucs for.

Tesis li 26 and il Z7 ar. quiLe r.',jLhin',hc ran6e of values given in Lhe

'ìiier¿.fure. sone publishec va}l¡:s oí' J,., Ío:- Íiai bf¡:.ck tacquer ar.e
-t

o"96 'uo 0,98 for a Lenper¿ìLiìr c raì'lge of -rOOo!- io 2OCoF"(3rL) Ar,,oih"t

rrr't,,p ts.nõs ^,^ 4-u, f.o¡, oi.L pcint,s (a]-l coior.s) .is 0,92 to C"9ó ior a- itt - "- "--- ì,. .--."

n /r \ierrpc-rature renge o" 2¡-'2vF¿\!rl



Umir cai"ried ouL a sii¡rilar ¿esi ai a sllgh'uÌy lor''er fe:npera-

'.u-{"e on a f'}ane oxj.dizcd c,)Ë'p.'J.r ll:,-Lc pai:rì;ed v¡j.i;h one coat, of ffa.t

bLac< en¿imel l;ainl and ob'¿ainecl aii C-,. ol 0,8? and an Cu oi o"s3"

.thc li wolll d ,ân.\Êp',' -.o be in Lbc í;rct t,hnt, i,he n¡int, ust;C. rvasv\vqru @!-UUi;.! vv U9 alt Utlg j.:çU U::(1U Uilg pJ-Ltti, L¿;

difîer"eni a:rd al-so otrl-y cne ccai rv¿ls usecL raiherLhan Lhr:ee.

The rneatls by whicìr ihc srrrí'¿Lce +r,enpcratrre was neasured .,^li,l I

be discussecì in Liie concl-usions oí this repo:'| " -1nall erroi"s in ternpera-

Lui'e neasul'e;nenr ar"e invol,vecì ai-id'r¡alues o.f e¡nissiviLies bear. ihis oui

es coinpared to publish,:cÌ : esul'i-s;, Yalues of €,,/ €., are Êiven in|i' -it

Tabl e ó and a:'e in t,he e;q:eciecl range oi f,:"95 to 0"9,J" I direciional

plot. for Tesi # 2ó is shoi.ll :-n lìigure 2?.
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-l .¡r C(ì\iCLUSTONS

jì,c slll ',, s

The resul-'s of ihe t er;'Ls cl-e¡:.rl-v show that, the emissivifv is

cìepencìeni. on ihe ânLgl-e of eni-i,-.¿'nco anC +-he Lype oÍ'rna'uerial being con-

siderei, CcnCuciors and non-conduc-i.ors shor,v definiie Cirecti ona]

char:acle::j-siics b;' r.'hich fÌ'iev rr¿:/ l>e easilv indenLified" The tesLs

denons+-r'a1,ed r.hat, de,cendic¡ on fbe si;rí¿:ce conclit,ions, a naierial rray

yielcÌ resu.Ì-us vhich na.V Ì>e issocj-at,e¡; r'¡irìi eliher or both iypes of

mai erial,

General- t rencìs ir'. i,i'lr: c:ri esi.r¡iir.' '¡riih i:esoect, Lo iLs -Lenoera-

Lure Ceperrdency h¡:ve not lri:,.:n'"rci.l- eslabi.ì:;hed becalise oÍ'the num'cer of

tests run.lnd the i,,vne oi n¿ii:r'l¿rl uscrl . ]n one se::ies o-fl lests, fhe

al-uni-n-.yn shovrcC oefinil;e inc;r ¡:¿se i-n cÌireci,ional. enissivil-¡ values

t..-i*¿h ¿:.n inc¡'ear.se in i,e¡rrpe::'i¿t.',lie. Thc-: f¿i.ci thaL lhere &'å.s sorne increase

is ch¡li"¡.clerisii-c oí. nei-a.i -ìi-c :;urÍlaces ancì is exeilpliíiect bl,'Icr:abi-on
l:)(tO) -,^r, ich ',+¿rs proposcd. l-.;. lcrniat ancl iìckerL,t'l OnI;r two specific

resr:l'i.s; '"ve¡'e cal cuì¡:teC for cc:pe:: a¡ic a.l uninrirn usin,q Equat:-on (lO) and

bo-r,h '"'alues were lower than ieei or pubiished resuLrs- Resrrl-is o'oiainecì

irom i:.c.r:aiion (l-O) r"oulci co:.::¿r'r nore favoilr-airfv r+iih er.issivii)¡ valucs

ior ¡nn.rl r=i- r.l r¡ r'.no:riiize C sirri'¡:ce* " 
(fO) 

lJo such conciiii-cn cxisied rlu -i no!; ur¡v--Jv! -.ivv\, JU\/^, UvtLr¡IUl_U-l ç^IQUgq \:q_ rrt¡1

rhe ies't, procecuie" Cornpa:"i.nr j.nciirririu¿rl r"esrrlLs, the values ío¡'

a-luininum and ahvoinum foi-l sho',¡ ilic besr, a¡ir-eeiirent wii,h publlsireo re-

sulNs" Values obtained I'or copner al:'e dri'lliculi, lo check because oi i-he

exlrerie iei:endenc;r of enii,t¿:nce ciì -uh.j coÐÐer oxide fornaii.cil on the

surface "
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The e:rrissivii¡. :.¡:;.1 -ùcs ior- gì ¿5g a"L l-cr,r ierlne r'.t.'lr.:r"es rji í'í¡;r'

b;. n-Oo't, O"0j frr::n llic: ;ilrb,-i i:¡;il re:;u-l-l-:;" i.s e-'<pl¿inccÌ prcvr-ou:ìlX ìl w¿rs

beì ier,.erl "ha*r, ihese resi-:i+':i '!.iere as rcLi-abr--e as lhcrse for ihe oLhcr

spcc--ì-n<,:ns, T'he ir:í. îe¡'crLccs ina',/ be ciue lo a cÌi í'Íer'ence in cornco¡;it j-cn

bei',.¡t-,ei-i -ui:c gJ ass: test.ed e-qir, r"il¿ii ior whi ch conp;l.:t¿i.lj.ve :'esulis 'v.ier'e

cbi¿ir-ietl " Seconc-l )r, of ccxri'se , Lh cre i s sc,ne e:rper"i-nenlal- errorî " Iiere

esaj.ri) *"hj-s err¡;r- is þsli r.:.i,"r:ci 'r,o bc cl no .qrealer sìgniíi cence tì':an ii

i s í'or' lÌ.c oiÌ:er ::esulis rj'-,..,; , i.i:C cr;ì_¡,' possjìtle diífcrences occu:.rì:rg

j,n surí'ace le::rpei'alu,re ïntî¡::':ureileni. S'r,;'.'ingel]+u re s-utj.ciiotis musj: be

pÌa:erl on Lhcse: re-sì-iiLsj ¿ì$ cnl ,.y' üprì¡r;.rr.. i,o ',,ìre 'iei'Tìp(?re-L,rrre ::an¡¡e

n,er:rt,i oned 
"

The i: csull;,s f o:' *rhe oa-i n+,e(l coci.ìer su.r'í'ace î.F,'ree clos;er j.ir r¡¡ith

pui:iished:^es;ulis" The f¡.c-i,'bhai, the ra<Ìiafing sunfa.ce is a non-

cc::.ii.ct j:-r¡ naieria-I is exc,ri¡J-i i j.ecj bl¡ rt,s i;;r¡isal ri'recl:onal enissivr¡,!

ch¿,.¡'aci cr"Í siic s.

Ai iiris þoini sc¡rie cìi scussion on sur-.face iemner'¿.iure me¿rsure-

nenì, r,"rould seen apr," The bounCar'¡,'lvhos;e iemper'aiuf€ lr¡ås',o be rnea.sure:d

vJ¿l-s an isorhe::'n¡a] su¡:fa.ce or consirj er ed so f or :iost, pr¿:ci;ica.l- purposes.

Placing 'rhernocouples so ¿is i,o r.ceasrrre -,i)e ''-rlìe si;rÍ¡:ce '¡emneratrrre

ñÞ-ì',r^ *.'ìnc +¡â nosi cÌifJ'icul'r task, care vras L¿.ken i_n each c,!.se io

lnfer'íe:"e as l-iii,]e es pcsr:;i'ole ,r'iih :lr:-,' oî i.he -i'or'Íì..i o-f' hea.t rurans.fell

whici: iook place" |Jiti: iì-ie excepl-ion o-f inr¡ qÌ¿ss sa.rirDle.,:rll- iher-no-

couir-Les v¡e::e nj-acecl l¡ehintl ¡.Ì'le surl',:,-ce shose eräissir¡i"L-\r wes bein¡

measured. in ihe case oi' ruhe gl-as:1. sa...¡ìiil-e, Lherrnocounles r.¡ere :l-aced on

iì':e ex,loscC suríace ancj he--l d jrr nllcr: bj, ltrerr,on...rhich has a iherlll¿,1.I ccn-

rì,'ntirrì f v r.rreh Ì,^ì pher^ tharr ,ilass but, a.rtÞl'CX-j,nalel.¡ Lhe sa;ne enis"iyiÌ-rr"
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,\l-Ì fo::¡ns oi hea-r, tr-ansi'c:'',/ier(ì r'eil-¿li,.ir.¡eii'ul';clisiurbeC,

in placing each'i.]rer':iocûi;Li-rì-;:, e sfro:'r, i,o necjiun leng'ufi oí

l-eaC ',+as ¡rlaced on ilie sr-rlri ¿:cc or be¡ì.r:ì.ih lhe s'-rrf'¡,ce ¿ilci 'uhe jurrciions

l.¡er'<; hel-ci Í'ir'nl¡¡ in place'o,rr -"¡r".ttnrr.. TÌ:ri:r mel-hocì r.v,zs chosen oveT'otirer-

Inel,hoC si S'ùch .1s peening , îC;:c :'r.rn¡', 6¡' r.,¡¡.,1.¡l-ì n¡; t he *rhe j'rnoco'uple s o: r eciiy

lo ihe n:,i;eriaI" The pre.ci,: c= r-,..' pcr:.:ì i.q has pt"o\ren qui-ue saLisíaclory

'in mlr:\r 
^aeÞa

Àll. s:rrnles tes:i,j, elice-t ¡-ass, iii.rrJ a rnedj-un to h]gh',herral

conducfivit,y" Thi.s-i,encjs r,c, e.i--L:r r.in;;.ie ânv r'hccr,al qï¿.(iteno"s which ner¡

exi.si on 'uhe sâ'i'ír.'rlle sul'Í'e-ce anc al-rro ni'crii r-ices sna-l I ierrlncraiure gra.cienis

ihr"oup;h -.hc sairio-le ìn ihe ciircc-¿ion oi the hca.i-- flow, ln th(: case oí rhe

cl:¡ ss s¡n'i¡l e i-.he iesi resr:i.i,s consirìr:l'r-:c1 wer.e onl w for I orv i,emne ralul'e

runs v¡he:e iÌ're aborre coild-ìi.:.olis ¿Lì'e ker:i, ì:c a ninimrirn" Tilj s sl ss

appì-ics Lo "ìrc p;.-ì.ni,e:: ccì)"-rìi- Í;ì;:i^iâce" Consjrierinr; i,Ì^-e che:r:.,al i^esis-

tance of il',e oain-L as iir.=rre::Clx C a.ncj. liie pol,ver seL-i;ing as recoriei

on lht: cîla sh(,ù1 , ií' f iÍ'1.;' ìler ce:i'- ol' '.h.e hc:;l.t passeC di rcctì). ih;'cilgh

ihe pai.nbei sui:íace, ihe ie:nnerå-,r;t'c cìr'op acl^oss t,he paini f iÌrn wcuf d

be an::c>:inil-re}¡,' 2.3oy'" The eí'icci; oî t,hìs error is sho.,¡n jn the erï'cì-

anlrl ¡;:i s "

The eÍfects of ¡-¡:rij-a.¿ion .absor'ption causcci by waNer r.¡anout'

in r.he ail: r^ias consicì.;r'ec i-lcgligible, Tire i"'ain reeson Íor +.his assi;,¡citt-ion

is iiLe faci: iha-1, r"el¿¡.iir¡e nee.sìireínenis \^iere consicierecì ¡'¡iiherr rhan

absoluie v¿:.iues " The aosc¡'1.-,iivrt;l,r ol r,hc waier vailo'ùr' cìepenris on, Lhe

* ,=.r'- cw'ti,'v,c nî + r^.r r',^; iì a 'nnn¡ìrrr'r ^ f. Lhc æ.r'iia]- Ðrcss'_rI-etv¡v

of ihr: ','.'eter vapour" anci trìir der¡i,h of fh Éì l-a)¡er, the n.:.rLie.l- cres!ìrìl'e

ancì +-ora.l-pcr::s¡;11t'* Ðf'c\ráriirn;3" C¿.sr:s ancl v¿Ìpoìt¡'s neeiÌ !:r'eat, +.hickness
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j,t o¡'ier +,c abscr-b an¡,. rr.,i.,icr- ¡,a-ri, oi i|:,:: inci cier:t r.aciiaLlon" Bec¡;use

oÍ' i.he cìesign oi lhe an¡¿:..r^:i-ius, lhe d ¡.:;i-.ilnce s beL.¡ieen :.acli¿;'¿in¡ su.r.íaces

e.nC i"he receiver r,¡erc; l.:e¡i, i,o a njni.nui-¡ ani r"eir:¿iined lhe; sarne thr"ough-

oüt, al i 'i,ìrr: I est.s " vai-'i¿r*t,io¡ s -i-n t he Ðressures rnerrt,ior;e,<l previ.oirsì.;;r

rvere sirial-1., It, is a-Ì-so krici'¡n LÌ:;.:.1, a-f-.sorpl:.on occlll"s in cnl¡l ce:-ia.ir

r"egicns of ihe jnÎrareC spec'ì-r'u-r'Ír . Taking j.ntc cons-i cle;'at-ìon a]l ¿Ì-rese

íacici's, iL rs assune'i Lhal ihe error j_niroouced b-v an-' vai)our

absot"piion would be ne cl r-izi bl e Ìr cC'lr!âÌ''ì son to oiher errors., inhcrent

jn ihe rr:sulis" the rei'ei c=,rce(2) q'ootos -r.he faci Lhal lhe r¡¿rier absoro-

i,ior aCcj.ed less t,han f C"),!' ery-o¡. ic nis r€jsullsj.

Toiai hcrnisphc::i-cl-l clniss:iviiics ¿rncl raii-os oi {'r.. ro .eN

íaÌl wiihjn ihe ranÉle oi uL:Ì:,lì shed cia-,"¿i, lo oblain a iru. .rnrr,. ojl fhe

i.oia-L Ìierri,sphe¡'ical- e,-aissirri i.v orre :;hr;;;Ìd .¡eriorm t,esis ihr"ougf.out, a

3óCo rot,alion oí'1,he sa.rnpie r...rir-h ¡"es¡eci io i,he vert,jcal plane of sanple

roi,¿i-r,ion " i-¿ j s possÍble iì'r¿;b t,Ìie er¡rj-ssivj.i¡¡ coul,cj change as t he

dir"r-:ciion oj'suriace Í'inish or si:'uci.lrre is ch:inged '"riih respect io Lhe

\ J,,iIII Ê'. ì nf na<l I I ñr

In itppencÌix D jt. t¡ shov,n thai ihe tÌreorelica'l absolute er.r-or

','¡as t 7 "Iil" The ir¡o greaLest corr'roonenis oí lhis erl-cr are causect b.y the

sanipl-e icrnper"alure and t,her b-LacÌ< bccì¡.' lerrperaiure" The acL..ial ¡;uar.i.

¿enipei:a.iure coul-d l".e oeLeri:"ined,, This wouiti. invoive ceriain dif iicuifies

',thicÌ'r .l'Jer€ prcvious;l;r encotinLered in s,,-irf¿Ìc;e ienpei":t-,ut'e neasuremerlls"

A'u higher--Lernneratrrres r¿he cfí'ec*, oi'+uÌtc 6¡-iar.cì tel..per,::';u:^e is r-eirrced

br.:ceuse of i,he í'or:rfi'l Ðorrc'i : e-l¿r'íiorship" Since i-he e: r.or caused 'o¡' ihe

clrr.d i c.mnenrtrrv.g j_5 Al'r.¡e.,'S i.n t,he -"a.lie, it.fC:Ct j Cn, iiS efieCi On -bhe
L,** * \,J v¡¡ 

'

resul-is is noí a.s nolabl-e Ìr,:cause --ii ¿l'.:nears in boih rhc' .;on and bc-,iorn

r.cÌ.jis of r,he e;ni ssir¡i{-r,r e-ït,..esS-on" 1'his is pl-riicu_l-al-ì),- l:'r:e '..rhen Lhc
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s¿-ni)ie'Lc;¡ipe;raitrr"e e.nrÌ iÌrc bJ-ac]< boii,'ierr peraiure a.T'e of sirni-Ìar iti;,,qni-

,-ü.Ce or boin nigh cctrna.rcd l,o';i:c q,,:-rcÌ -u€lf;ef[1içr.e. The eîroy in ihe

bl-ac)"; bod¡r ierrpe::;:-iure ,,vhicir faerer¿:.'i l.¡ v&l.ics b.y aboul óoÌt' fron ir"ont,

*¿o 'o¿rck oí' ihe bl.acl< boCv í'cr, ¿ìrì avcÌ"¿ìpte Lemper¿r.ture of Z?C.¡]F rnu-.L be

lcl e:"¿ri-ed" Tiie r¡ariat.i on i.n '¡,ìli s rer¡pera+urÌl e coulri be reci.uced by cerlain

'rrreans as r:ieni.i onrrd un(lcr e.Ðal E'¡-,.is Ðccfolîaíìnce"

Sone zei'c drift of ihe iheri'noni-ie r"eariin¡1s occu.rrerì whiie wa-i,er

i cr,n:-r:t:r 'oa i) rrnf¡gt¡ì.9n S CAUiled -,r,rl nro,.¡ì + ,:c+ :, j_.¡rg " 'ùnCLC,f al] lhe f O::e_"-,-.t,-.^u\/Jr/ç

gc;in.q etìrrei'se condit,'i ons ir; is conceclcrl thai ilie eri'oi'coulcì reach Lhe

l-O *t o 12iá r,r¿:.rk" Ever-r' efl'orL rras n¿.de t.o eliroineie lhis toe sibilli;r,

'fne iesis v¡ere rnalij-pulaterì as c¿i;'cful-'lr'¿s rcssible in order io kee'o

exocriinemtal error i;o a. nin_i_rn'u¡r:. ûiher simjl_ar plroJecls have ouot,ecì

theoreiical errcrs in +.he crder ai l:il t,o l-Oiá Íor lheir. r-esul-us and have

excelicni reprocìuci biii i;r"

The reprodtrcibilii;rr oÍ''t,he resrrlis 'h,as t¡er\/ saLisfacior';'r" 1'he

.rr.-Þ'ìn:: ' -z'*^nì.^-ì?ìil i+r' i^Þ ^^-,-r.F n¡inr-¿rl n¡,r.n^* --¡ -l ^.-^ ^^*CleS :Si vur vuu\/rrrrlr(/,\¡ LUL uv,rl.ç: , tr.LJ.ll!gi4 vuu,vç1 d1:u àrad,)ð -¿L:i ,

C,A2- zrxt í'or ihe alun'rinu"r C"015, Iircepr fortr,vo vaiues a.t high angles,

fhe aju:i,nunr í'oìl resul*t,s reprodt)ce lo r¿ii,hin 0.0I" fl i--" concluded

-"hat, Lhe appsralus ¿:.n<Ì iesi ¡'esr:i-Ls neve proven lo be ¡. success and

-r,he a¡rcalå'r.rìS r,,rìl.l Ð:ol,'e io be of ulr,iTrosi bc;nefii j.n -f,.rrLher invesii¡1a-

rÍons "

.Á^Þ i,.a ¡'a ¿r-ls ljer".f orrnanc e

In general- ihe a.cil.:¡aÌ-ris pr,:¡-ioi-ined sa-i;isfacior'il-). ..¿'i ih r¡er]¡

r'e',',, na,io:' obstacle s beinp. ¿nccìr,niered, ln orcer io ini,rove iile opei:a*uion

of *r,l-:e sei-up, one of ihe í'ir-si consideraiions shoul-<ì be give:n io ob-
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¿ cclsile.ll-L r,etäÐr':.f.3.iur'e'¡,i:.-i,h, ej:ì îcc j-¿ì.l.I v fo¡'

¡'¿Ci oneì.er, .iny +;rri,'t:r¡:¡'¿:irirr: r"¡::i_¡i'i,.i ons ovelî

¡:..q -i a cc'. itì'^t-i.j Oll

, rO'.
= i !, c2.r:noL oe

in iìrc ',.r¿iier f e;tipera'Lure if 1l is us::d ¿.s ;-:. cool_ing l-nci(l_'ì uili

raol crcLer. Ií -LÌri s co.rsuaîL Lû:.pcl"iliìrr'e 'Je¿h rrr€r"e ar.raiìa'oìe,

cnl-1./ be necessa:r/ Lo ccnsLruci, a 1..'aicr .iackei i.ihich ij.". s:lug

ihe out,side of'lhe ihcnrcril-e c;¿t.s;e" The preseä'u back of'the

'uhei:no'pi-Ìe c¿ise ccrrirj. be reroveC and -r.,he Ìre'ri ì,{a.+uer jacliet, l.,.oul-C forril

.1-hn r-,"^ì. TÈ: ^rj¡ns ccnsicleriaiioÌ1 in ihis L.rv¡¿ o1 consij"uct,ìcn j.s f;o

eii:i'ri.n¿ite an.1' air pockel,s bci.,',,¡c-en ihe ihcrrnoniie case, p*ncl Lhe ,jacket"

This N¿rs one oi i,he d:"ar.¡b¿i.cks o,i'r,h¡: i'irsi,,¡í¿Ìì,er,iacke'r- ihai we.s itì¿.de.

!l'ii,h a ccnsieni 1.einp.rr¿ìt,ur'e l¡a-Lh, a t,lrerrnoÌ:if e ì¡ra'uer jackel ¡-no ade-

¡Ìt;:i,c slr'ì ¿,-; oi -ø th¿ f C-]_j_a.iti _ì j.-,rr r-rl :^,-nnn¡rrr^'iri ]if:.r Of lhe fadiOíneLe:

Ccul.C bc ,-¡¡¿3¡1.1,r j mp¡or-eC.,

So;ne expcriineni¡.l. eiîÌ-oÌ' is i nvchred in ihc ier,.peJ.aLure

¡-;radienr i¡irich exÍsis in ì;hc na.in bl.acj< l--ooy. Th:-s erro:c woul-ci increase

aL hiqi:er LeÍ.rpL-raiures" To c-riininale r-his probl en if v¡oul,d be necessar"y

-Lo i'er.ove'-he end heaie¡" frcn iis preseni cosiiion anq renosj+-ion il, on

-úhe cren enC of the bl-¿.ck bo,i;r" Bv har.ri-n,q lhe Li.lc heerLers control_led

as i,i're-¡ âl-e ei preseni, b¡'variacs, i.i, r.roul-r-i onl;r l¡s a mel-.er oî ad;r:s'L-

ipc ''..-..:rd heet,eili,O Cc;El.,,lS:::e iOlLl-.e, l€r.: Orll'at,r;n¿ cr:.l.dìcnf. i.otva:ClS-'".:

ihe ir-oni cf i,ne black bo<Ì-,'" Ìicre insul-¿r.i,'icn tr¿ì-,r aiso be acl<iecì" ir, should

r'ici, bri ciiíÍicul-l io :-eiuce iln'.r 6!ì +'+.r..)nce ¿o a inaxiniun c¡i l- or. 20I.', -n

a"CcT' t,c veÌ^ii.7 ll1),r Ci scl:e îanc;.' i.n r,i:c !-trâl'i LeÍ'oei-e¿',lre, se\¡er:ì.1 -uîerr¡o-

ccupì-ss t.tould ha.ve to be careír-iiì,y nJ.:iceo Lo reaci. t,ile surÍace lerioeraiur.e

of ihe peini, ljlr w-ithout reccrdìng e:-,rcr dLìe to raCj-a'uion recei-¡eC frc¡n

ihe san¡l-e or sanple hcldr:i't..'hicir is usiral-l),' e-- a. hi¡lh iernneÌ"Ðfured



t (')

Genc:'c.ì, ¡;, sn¡:l-l erlrof" ¡-s ì ¡ygl r¡ed j.n sìri:-i¿.ce ienperalure lneasut'erj1-rnNs

l::.-. c'.,1-aa-l-r.r ,-.+ ]o'.': ic,n":eier.,l.ÌrcE .aicì io:,r heai flu.xes" -iissr:r':rl;iong nâce

in ihc r'ê.d'i one-t,er ene r"g-{ ¿rn¡ri-)rsi,s irrere assr.ìrne(l Lo be val i<.1 and inti"o-

ducerj rcglìgib.ì c error" Thc main bl.acl< .Ì¡oi-¡ eni-ssi.¡iL¡¡ i s. be -l-j-eveci io

'ne cci ,;aÌ i,o C"!i3 or grrc¿,| (ir'. The, eux-i'l l-ie.r-v b_ì-ack boi.v j s k¡elier¡cd. io

be nea.r- r-.erfect.. The insi<Ìe o-f 'u|ìe ¡uarcl conlainer is assu,rieC. fo

apnlcach an i.sci;Ìrerrri¿,1. encl-osure vliih an emjssivi'ur/ of A.92, It rnus'u be

nai' ,arl ì- Ìrrì t"¡¿¡-S USed inSiead Of brA.SS When .i. p,qf i nc, *.ho em-ir¡vuvq uriGu r.u:,jj-.jf' \'J¿.:5 USeLL l:l5LeAO Ol Of-ð.SS ',fneI. - ,SS-! Vl:Y

cÍ'r;he pain'", This is be-lieveC i,o have no be;rring on.,he rcsults a.ncj.

usi.ng cotrIrer heipecì '¿c ;:criiice anr,r i,eJnner'¿¿i-.ut-e graCicnts j-n il-ic b:rc.:iirg

i:,lai,r: ne>:L lo lhe paini" C';her incìe ì.,ei ni-n,tle eÌ1r-ors ih¿ri have noL been

rnenironeC âre corisi tlered n:l¡ì i ¿1i ble in cornpari scn io ihose accouni ed

Í.cr 
"

The renaincer of Lhe ec-r-:ipn:e:rù pcr-Í'orned salisí¿rctoi.iiy" The

¿¡uard sanp-l s hotder ancì he¡rie-' u;oi'ked r+el-l-, The angle neasurinq Cer¡ice

i.,ras acouraí,,e anC. easy r,c nanioirl-af.e" The fac'c thai few and:'eliable

ins-Lr:,l.lenì:-s r.^Jel^e ut.jlizeo, +uelcìerj. t.c sr,-pliírr tire ì,esi;ing procerìure" It

nusi. b': kcnr, ir: ¡4i¡rl +-he.t eech sanpl-e rhor¡fç1 ia' orene::ed ca.r'efull-.y a:ri

a suííicì eni; nurrber oí i,ì Lcr-irrocoupì-es ncsi-tioned r.o ¡live a gcod ancì

accriia'ce va.l ue cf ihe surf.ice icrnner:.-Lrlre, Pariicular- car"e mrrsi be

i,¿iken i.¡hen endeavou.r'ing to nre"s;ure ierrÌlet'â.1',ur"es of

\re-rr.r¡ -ì,cw ther:ral- concìucr,tvìi.-'r- -li i-s +-hu:-r s'Lrr'iniseC

gcing ì,,nprove¡lent s 1mì¡--l-elne¡iied ¿.nC. suífici-eni c¿:re

wol:'ì d rr'ì el rì 
',r 

i ni liliin errolt lesüli s -',.ã'uh ihc: raX,i num

ceduÍ-e and cper"aLion"

rnal erlal--.'nrhlch have

ih¿ri; r.ith 'Lhr: for.e-

i.¡.ie¡ t. î e: "nnâ 
- Ð.rrì.ls

si 'nnl i r:i f," i n nro-
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Á sa.npl e caicL: l-¡i,i.on <:í'

;.',; i:t c:l-cu-la:'ì íìr': '-i^,.: :':lt.:-.:-1,:

pr':.ceiure 1s oui lincri as Îol l

i-'l I 'tÌlÉiÌ1nocou'tle e:ni' js r,^jÐi'o ál-v(rÌli';'i"i ¡¡i' each poinL" Telnl:elallrres

l.iere reco::cierl ro 1,he nca::csL ieg-r'er:'

(2,\ The ave:la.ge Leirlc(;ra,ill.cr:s were.iot:nd for'ihe sa-r¡r:le, black bcrl;r

anc ¡iuarc" Tire guar"ii iernircr::r.'-'r.u'l-Éi ¡;.iå-s t,¡rken as fhe â.vel-âEe r-erirpel-a-

rure 'oei:.'een ii ló arrì l;l 1? ihe:'Í1oc')iipl ": s"

./\
(;) äcíc.:::rj.nr¡ io dala l:Ìieel i. -l , 'ùìle : e:pec1.ive dei'iec-bicns, -/ 

" ,

r^¡ere -l-ake¡r clirecil .\, år; i;hc i' eaoirge flt-\reai l,')t r,he ro',,eniio¡neie::" To

conrla'leLirereaiin¡;s'+'he'';''al'-lhailiobeb:isedoiri'hesârreIrLâ'ilni-

itcafi.on l',:clor"

?o o'1.,,1-,¿iin f ire r-,o.;al- ìleni-s.ohe:- j.c¿rl e:'nis:li.¡¡i-i,-'¡r vi:]-ue s oi e , *
ì

r..rer.(, Í'j-j'S'¿, pl cL¡ect on co-c:'Cj-n¿.1.+-e grr-r:h papcI' as sÌ^r¡-.r'\, in Craph li' l-' A

rneen -i inc 'l+â.s cìr-it-u.':t -Lhroli'l}r r-Ìie poinr,s and lhe new v'liìles oÍ ( 'ï:;i

were reari cf 1l rhe grlnh as- fisieC bciow'

ìr:iei.ri¡g io lìcu¿i'Lron (û) il shorrl d r¡e nore<ì -uhå.", e ,, ¡,, 
na|

vzi';.r ¿¡oartÌ '¿he helrispherc" Sìnce i,hc ::ainp] e was onÌ;'r --esie': al c¡ne

vatue oi û, ii inust, be :issrscd r;h=i Cr,, i3 cors-'e'ni arou:LiÌ i'hrr
:

he:i sohei'e ln or",jei 'i:h¿r'¿ a calc.ifa-rion iral' ìie li:r"iorrrerì, thus !':;u¡,--i'-;n

(g) ¡resXs (iov,tl ¿5 f ç^t .Lçr,"¡;;

..1 .^. -,:

{' = i i 'i í: ^ .. siu,..! cos t'i dlt dO (S)
'îí' : '-',:-,rj ! t :

v a -'L,

rl .r .'- i'

i ci
';l 

iii rs ,qlivcn Lo sliow r,hc iri'o-

onc cìi :ec--':-onal- emr ssi-r¡ii.'.¡ 'u 3sl, ,

rn L. ^.l::ç
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