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ABSTRACT -

A‘Factofs effédting the. emiééivityibf éurfécés.aré
dl«cussed A standard apparatus for the measurement 01
;emlss1vity 1s describmd " v  A :

| | The desmgn 1ea ares- of the anparatus used
'i o$p1ained' and tests on severa’ paints, tarred naner,'
-asbestos paper, aluminum f011 and copper, nlckel and
'alumlnum sheet are rﬂpormed ‘;';' |
‘ . The uests conducbod 1ndloqted that the pOBLOPHanCG
,,ofvthe,apparatus wasasaplsfactoryvexcept‘for_yery;low‘

 emissivity surfaces.
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- I, TIWTRODUCTION

' The rad'i‘ani-:' heat f.‘i'ow :v'emitted by a ’éﬁrface, cen be
calculated w:Lth the equation :
J W= € o~ Tu - _ R
i _ﬂmere W is th‘e emittance, _é is'thé em‘issivity,w is é. phys‘icai'
constant and T is the absolute ‘cemperature. Accep’sed value
‘vof p’ﬂoportionality factor o’ 1s 0,17L = I!.O“"8 B’uu/h.e 5% ORI'!
There ex:Lst materlals in nature for which the value -
of’ om1°sivity, € ranges from about Oe 0? for matsrlals such
as polished copper, gold and silver, to as high as 0,96 f.'o:e ‘
- asbestos board.: Furthermore, different materials show ai “l‘e— ‘
: en’a vax'lations in theirévalue under various cond:.tlons.
Temperature _of the suri‘a_.ce, its degree of rougbnesé;
| and, irf é. meﬁal., }, its.degrese of oxidatiot'l, are; ﬁhé' faétofs |
‘mﬂuenqring é‘. In the ,iz"émairiiﬁg par‘a’; o}f -this.-section 'these‘ RRRE
- f‘é.ctors are_.suMarizad. “Also ‘{:he theoi*y'o‘f' the appafétﬁé is

- gilven,

A, The ‘Viechanism of Thermal Rad:.atlon, Reflectlvity, Absorp-
tivity and Emissivity of Solid Surfaces

Thermal radiation, or temperature rad:.atlon, cons:..ats

~ of waves with wavelengths spread over a falrly large range



‘(0 1 to 100/1 )"' the mea:n wavelength beﬁ.ng a fuotlon of the |
. terrpera’cure of the body. This mean wavelength decreases as
 the .temperature. increases, The greater_part of the radiated

-energy f.Lied in the "infrared’_because mos{: applications are

'conceméd with temperatures less than ‘).LOO_O’ K, in whp’.oh casc

tho niean‘-‘#:avelength is greater than the‘up‘pex;- limit for the

~visible region (0,39 to O. BHY,

WQen radia.nt energv falls on a body, parit mey ’oe '/‘

: ;abébrbed, part reflected, and the remamder transmluted

throuc;h the body. Most sol:.d bodies absorb practicallﬁ, 3.

; the infrared energy penetratma thelr surfaces Wl‘Ghl"l a VGI“T o
thin layer, Electric conductors need a 1ayer of the O.C'du'f of :

' ma,gmthxde of 1 u for the absorptlon, a.nd a thic%:ness of 1 OOO/{{: -

:Ls Suf:{‘mlent for most nonconductors. The thicknass of -

: majﬂ“luff of materlals encoun uGl"Gd in engineering is almc«t

,'»alwayo Si’ea’cer than ’chese values, so that none cff bhe radd ant

'energ)r is ‘transmitted through the body,

All naterials in n&i,ure also emit radlauion, tne .

quality and quantlty dependlno upon the absolute temperature

o and the properties _of the material compo,sing the radlatmg

- dody, According to Planck's law, the monochromatic emittance

* 'Onev”ﬁ;flcréﬁ is equal to one-thousandth of a miilimeter,




of a black body at any ﬁeﬁperature variesvfrom’O at A=0.

- “t‘h':éough‘a maximum ond ‘back to O at>\= oo ( A "deno-tes‘ |
Ranelength) its maximum valuo movas to shorter wavelenrdhs
with Increasing temperature. The positlon of the maw;mum ig’

 xnver~ely proportional to thc absolute temperauure (J;on's |

dis 1acement law) | ‘

u | Eleetrlc conduoﬁors and honoonductofs are basicél1y'
‘dliferenﬁ with respect to- thelr infrared radlaclon pProv ewnles.
The con&uctors radiate comparatlvely little enevgy, whereas
,'nonconductors radlate a rathor large amount of heat, ”ne amise=

1v1tv and absorptlvity change w1th wavelength for both

k'1 4groups. Figure 1 shows the monochromatic reflectivit by ek\for

,gjfaluminum as an example of a conductor, and Fig. 2. riwés' Q%

,for some nonconductlng surfaces, of engineerlng imp@ft&nce. The

"*‘ pollshed aluminum surfaca has a smaller refleot1v¢ny aL qhorter :

wavelongths than at 1onger uavelengths, and this- holds for all a

"metals. The - avsorptlvity ol metals is then preater a2t ghorter

4owavelengths.

| The variation of reflect1v1ty of nonconductors wzth
“wavelenvﬁh 1s‘@mch more 1rregu1ar. Iv ig a characterLSULc
o.feature of almost all Industrially importanu nonconductors
~that the refleativ1ty is generally 1ower at longe; ua velengths.“
.For nonconductors, the absorpt1v1ty decreases with teﬂperaturef |

;jfor oonductors, it.increasesf(Fig.‘3 and Fig. A
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The emiséivitiesfaf,highij‘pdligﬁed metais'are véfﬁ_
low.énd-a funcﬁidn of the-producﬁ‘tarm (Q:T; where g is the"
-'speoific‘électrical resistance and‘T is the ébsdlute.tedﬁafa—‘
A‘uure. A poorly pollshed speclmen may have several t;mes this
_ﬁheoretical mlnimum.emis51v1tv. It can be said that, in general;

the en1531v1ties of nearly all conauctors increa e Wlth tempe-“

‘ratuwe and that of nonconductors tend to decreasa. an,S o

hy

Sy

,vP?? 34 Stainless 5&8’/0/ |

4“ X
0.2 4 ' ‘ v g C |

o 2;; 4foo é:o't; 8=oo looo {2060 l4o0 leo’o‘ L

. TCF) |

‘Fig.S. Total emissiVLty as ‘a function of
2) .

absolute tenpewature.k

- Emijs:

illustrates the dependence of emlssiv1ty on the absoluue

temperahure of the system. Although the values indicated by :

- this figure are not,from actual emlssivity'measurements o

{they were obtained by reflectance measurements); théﬁtrend” 
pf veriations is tynical o | | | ‘ |
In calculations of radlatlve heatdexchange in
'#arious engineerlng.appllcatlons, one hag sometimes to be .

1concerhsdfwifh‘fadiative flux,in-a-certain_direction which




, et

is.describéd‘by the dirQCtionalyemissivity-€ﬁ ;Fig;é’and Fig;7

show the results of measurements on electric conductors end

nonconductors heated to moderate btemperatures, As i% is'seén;

from the figure

s, the directional emissivity
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directiohs,
of’noncbnducﬁéfs'decreaseS';apidly as the.angle&ﬁldpprdﬁchés:i
90°, Tor conductors, the ermissivity first increases and then
'dédreases.to,zero with incé%;sing'angié“p, . Emissivity ﬁélueé,5
most widely reporﬁéd in tha liﬁéfature»are for'a difection
‘normsl to the surface, end it is the normel total emiésivity"‘

~ that is measured in this work,
B, General Presentation of the Appargtﬁs

-'The apparatus'nreSented here 1s a standard one, adopted



~ in 1961 under ASTM Designatlon number: C Wg-61,3
1. ThekMain Features

.This‘is an apperatue for meaeurihg<the‘nermal tetal -

emissivity'of surfaces of;thin,‘opaque,materials at orainary s

- temperatures.

| The normal total emlssivity of the Specimsn mounted |
ﬁ, on the specimen holder is determined from the emfs of ﬁheve.
,bhermopile-when it.v1ewe the specimen and when it views tho
'Vblaokbody cone, both beihv aﬁ the same temperéture when e

‘ v1ewed The equation used to calculate the emissivity iss

ek (3)
€, =€, ——

~2 ”2b v¢ﬁ”él'

jwhere;

: Ei"=,normal total emissiVity'of the epecimen surface,

i

€, = effective emissivity of the'bleckbody cone,

,‘ﬂwﬁL = thermopile emf value ﬁhen‘viewing‘blaekbody eone;

e(seevAppendix A>fe#?evaluation of €b)y

thermopile emf'valuérwhenzviewihg,test specimen, and

The models used to obt&ﬁn this approximate equation

areiexplalned later in thls sectlon.




2;A Components of the Apparatua and Requiremenus for Good :

‘ Performance

. Thermopile Chamber: Consists of an internal m; with an
‘opening at the base and surrounded by a cylinderical Jacket
"vnto Uthh saturated steam is- introduced at atmosohewic
pressure to heat the cone uniformly. The function of the
3 thermopile mounted at the apex of the cone in a stearie
‘surrounded steamtight‘housing is to measure_the‘quantity'ofhi
radiant enernj emanating fnomyany'surface it vieus;‘”heri |

\sens1tivity of measurement is positively effected ulth the

" increase in the number of Junctions constituting the thermo-

“pile.

b, Blackbody Cone: Consists of & cone with interior surface',f:f"l

| “painted andlsurrounded‘by a cylinderical'uater.jacket}

G, gecimen Holder° The function of the. snecimen holder is to
’;A;maintaln a specimen at the desired temperature and presenting

it for viewing by the reoeiver.\;

d, Snecxmens~ It is necessary that test snecimens should be

pwepared énd handled- in such a manner that surfaoes to be tested ~‘

are not soiled by;theufingers'or byvforeign~matter.d Q

Test specimens of a thin flexible nature should be

.cemented to. the specimen holder cover plate with a sultablek



'adh931ve, such as. thin rubber cement After applyzng adhe51ve,_ '
S ~and speclmen 5o the plate, the surface of the speclmen should 8

be covered with a sheet of clean paper, and rolled u1th a

”,‘sultable roller to remove bnbbles and assure uniform close

1contact of a specimen and cover plate.

- 8, Measuring:‘FOr meaeurementsiof steam and water temperatures

~accurate thermomsters are sufficient,

The sensitivity requirement on the potentiomster output .

Cis 1 U,

3. Theory of Heat,Radiation in the Apparatus =

Considering the closed volume made by surfaces of the e

- recelver, thermopile cone and the blackbody cone, reoresented

by uhe subscripts R 1,and 2, respectively (Flg.B), radlant
heat eychange calculations can’ ‘be carried out between these

suwfeces. The temperature ot the thermopile cone surface, Tl,

g ls glgOF and that of blaokbody cone, Ta, is approgimately

60 F The temperature at‘the measurlng junctions side of the{fv‘

vrecelver will reach, at steady-state, a certaun valus TR

’When surface 2 is replaced by a surfaoe of dlfferent emiss1vity'

':at the same temperature, different quantity of radwant energy

mlll bo emanated, resulting in a different ‘l‘R valve. Slnce the

temperature of the reference junctions side of the- recelver :

.,}‘;§ kept constanteat Tl’ the»chenge;lnf?R changes the tempera.’
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uure dlflerence between %he tuo sides, S0 the emf output :

: dhanges. - DR R ; L |

Fig. 8 |
The ratio of amfs obtained when viewing the specimen 
v)surface and the blackbody cone, both at the same temper ature;
o is approthately equal to the ratio of the emissivities of Lhe~
speczmen surfaca and the blackoody. When the emLSSlVlty of the

: blackbody is known, the emissmv1ty of that surface can be

’ calculaved

. Some models were developed to obtain the above mentloned‘f7'

o ”elatlon.

" In the first model, the surfaoa of the recelver was
con31de“ed as a reradiatinw wall and the system was represented:f

 .by 1ts electrical analogue as ?ollows-

i



n

radiant heat flow ' R

Hwhe:ee o Ci
radiosity‘
o Tt

area

> Iy
il i H

€ = emissivity -
‘ F"‘=‘ angle factor _ | ’

mth tha subscripts denoting the surfaces as 1ndlcated :m
 pig .. o g |

 The solubion of the system resulted in the equatlon:

A,F,g-oJT,‘ﬂqu?zav’.Tf | m("') M(‘ ”>

Alﬁn'f‘”‘léz SR | ‘}A'rm' tAhe 11

with S
Aot (T4-1.%)

Ci )+' Yo Fr tRe 4 /'V)A

e -

.f-
A4, FR 2+ F'z@.g +FArZR Hz €
E’he values of Al’ Ae, FlR’ Fios FBR are fixed by the - design,‘ |

Tl and T are d:.rectly measured during the test, and TR
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ca._culated fmm the emf output. (For the iron consvanuan
thermocouplea used, 1%F ‘oroduces 30 /I V). Knowing €1 vhe
only unknown 62 can be calcul ted, B (R
}'v This model dld not resulﬁ in a relation sim:.lar' .uO
the one given in the standards. Furthemore, emiss:.v:n.tles
. calculaﬁed by use»of i:his equatlon were found' ’co-'be far away .
| xfrom what had been expacted 'J‘."ne z‘eason 15 that ‘Ghere is
' ce'r"tainl'y a heat flow through the wall R, 50 tha't; refractory“' |
wall assumption does not work. ' Tl ’
| ‘In.the second model developed energy balanca was
made i‘or the. termOp:Lle measurmg gunctions.v
Radiant eneroy %o cold surface at ‘1‘ (direct
radlation onlys 1,e. no rei’lection)
| C]K"—‘ €, G_;,_A T:u.“" CT' 4) |
. is aqual to’ the energy rece:.Ved from the environment at TR “

(F:LS". 9).
c

ﬁ:,T/? e

Fig. 9. Second Model
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For small (TR—T ), it was assumed that energy received

',frdm the anvironment is proportlonal to TR~T13 :

e q --a(TR-L )
Si.n_ce_ —b(T -'1“)_.

it is found that qR qc_ = = a (_&vvé') =C C&WE’)
¢ é,_AF”_oJ(T Ty ) ~—c(ewl>—)

zApplylng this equation for the cases when specimen and black-

body cone were viewed and taklng the ratio, it was obtalned

that

&2 _ W’(T TJ: Tz __em76‘ 45
b ey TETE s 1

 where Ty, is the temperature of the measuring junctions vhen

the blackbody 1s viewed, énd}Ti is that when the specimen is

" viewed§

Wlth this model, 1ﬁ is geen that the approxlmatea,;
7}, equanlon mentioned before reoults when 92 =1, |
The third model was xn fact a modlflcation of the
gecond, whlch tqok into adcount bhe‘multzple’reflectlons.
Following the same proceduie;fthe equafion: o
& e |(ETE-Cebs) T ] o 4
S emfy | ()T )T | oy 2

was obtained, with




CLh

N
l

, = - 62-(/ é,)r—‘uﬂf éz)(/é)p Fam =5

vul'*'f" S 1+f1 in which, 6,2 .ig rep'lac_ed by§2b, | .

Tib

; ].‘,+f_2b = 141, in which 6_2 is r}epla}qed‘» by‘é2b,“an§

Ty end T as defined above,

T Tip

' The »factor ¢1. was plotted as a i‘unu’cion of emf ratlo for
vdifferent values of €. 2. (Appendix B ).- | |

The thrae models developed are discu_ssed 1a’oer more"

' ext ens 1ve1y,
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THE APPARATUS
. A. Ge_neral' Dés’cription?

i The equ:.pment consists of four mal in par’cs: the
| appaﬂa‘cud itself, water c:.rculacion system, steam clfculatlonr |
."s;grstem s and the system for rmoun’cing tha several 'oarts of Lhe'
.apparatus in a convenlent way. o - |

- As shown in F:Lg.lo, w:he anparatus 1tself is cmnposed |

‘ of a themopile oha:mber, blackbody cone, and the s-oeclmen

- holder. See the photographﬂ on page {7.

/ 7716/'070/9:/& /646{5‘

Steam inlet —, St

RN 27166"9/7”& -

THERMOPILE | receiver
| CHAMBER ®wo
Condensile. L | f

. Qutfet = - . /4&5143
, =T o

' : Con e vf 34,3" \ /&éfér‘ inlet , water ou‘/{et' .
lncluded ;4n('7/ev n SFEc(MEN HoLDEIZ-

/ u/dﬂ’r n /cf

BLACKBOD)/ C,oNE :

L Fig, 10 Prinoinal features of normal totameiss:.v:.ty

a'oparatus. e



16

Thermépile:chamber and blackbddy,Cohe have‘co§nectibns~

for stesm dnd'water circuiétiohs,és sh6wnAin_F;g.l1,ané,12,6.
.‘“or\swo'oothrely. SR - | o | |

| Whe mounting system is comnosed of a rlng ar““hd the .

‘ tbewmonw1e chamber, three snands for hanglng it, anc L:blockkkf»‘

- OL “wood to Slu the speelmen holder on, -

W

Bumner .
Con a{ensa te_

g ~//////////// ////////////T/

”1g.11 Steam CLPCUl&thﬂ system

- . - : , T &=
ThermomeTter L ' ' w Tauce't 75

- S O A e e v e e /A

Fig.,12, Yater oirculation system
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'l;,Thé_qumetﬁic Shape-ft.

T Design Criteria snd Details of Design =

ASTM standards (C 4L5~61) have been very useful 1n

=‘festab1;sh1ng the desmgn crlterla and were ffequently consul—

}ted Also ﬁhe work of Gouffe(3) was made use of,

LA -

The shane of ﬁhe bTackbody was’ chosen to be a rlght

: cxfcular cone, slnoe the ezfectlve emissivity oF tha hvpothe-, '\

al plane surface represenuinw the onenlnn of ‘a booy was

"FVlavallable for thls shape. (See Anpeﬂaix A).

Conlcal shape was’ chosen also for the sh;eld in51de

‘-‘jthe thermopile chamber. ‘This shield flxas the solid angle of >

- Vloiﬁn, and normal tota1 Gﬂ«uSiVluy is better anpro 'waced

w*th th¢s shape.

The specimen holder was chasen to be a square snaned, -

‘sha110u water-cooled case Uith an open. top closod by a
" -‘removab1e hard conper oover plabe on uhich specimetnc were
fjmounted Wlth thls Shape, as xndlcated in Lhe ASTh Suandards,' |

g unixormity of temperature ol the cover plate was assured¢_,

 “L2;“vDimanions R

The diameter of the blackbody cone was dhosen to be

| 7:6 1n., with a oorrespondlng helght of 9 in. (helrht to base V ; ,;

“‘radlus ratio is 3.0). )



| *or the Lnternal truncated cone - of the tnermopile
'chambeﬂ, WLth ﬁhe same baso dlamater of 6 in,, 1 5 xn.‘Was  :
. ohoson as top diameter and l? 1n. as the height.{r S

1 The ovewall dimen31ons of ths Sp801m0n holdev uere 7 
chO°nn to be 10 in. X 10 in, so that Lhe requlremenu'Low the ?
“'evten sion of the area oP the snecimen outqide of the conuact
arca OL the thermoplle cone ragket was met (See .npsndlx E

: Pow oompleue dimensxonal oraw1ng of bhese hnree un;ts)§ g '
3« Thermopile Receiver

ASTM StanaaréS‘reduifévﬁhat'thermopiié‘éhoﬁid have $’
murficient numbew of 3uncnwons ‘at the rscelver to aenéraue
| an emf of at least 1 nv when the blackbody cone 1s vwened at ‘   '1
poon tempefature and the thermopile cone jacket connalns‘VV L

qrurabed steam at atmosnherlc pressure._ ‘A‘j :

In order o~ determlne the number of JUDGtLonn o? the
"Lhermopile necessary to nive a sufflcient output, 1t Was flrst
necessary to estlmate tae Lemperature of the measurlng Junc—
| blons side’ of the recelver.  I S 'fn _“k'
| As a first approxlmablon o, the problem, radlant heat
| ewchange caloulanlons were carrled out between recelvew surface, B
tbermonzle cone, and the hypothetlcal plane surface represent-_
ing the opening of the blackbody cone, indicated by the |
'uubgorlpts R 1. and 2, respeonively (Pig.lS). All surlaces were

‘as~umed to be black, and surface R was a refractory.
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The equatlan

L {T 7;24)/(% -7, )_ éz/(/‘/:m)”

Where‘Fha was the angle factor for surfaces R and ?, glves

the temnerature of the surface R as a function of P W1th

R

~ T - 60°F

the chosen dxmen31ons, the value of FRZ was celoulated to(be o

0, 061,1, giving Tp = 205°F. (See Appendix C for calculation

of angle factors and variation of Tp with F ).

Assuming that reference Junctions of the ohe"mopmle e

. were at 21207, there ‘became 7QFd1fferenoe in temperauure bet- g
o-ween the reference and measuWing junctions. Con iderxng the‘j B

output of iron constantan thermooouple at 200 F (Cold Junction .

'at 32 P) which is 0, 0303 v OF, it was found that

required no, of junctions = // — = 4$ ’7 fr

‘—7 R

By increasing the number. junotions to 2u; consideriﬁb ﬁhat heet [

oonduction across the surfaoe R is through the - iron and cons-f,,"

tantan wires, and assumlng that +the following equatlon holds

ftrue:

_ %Qr +qqoond = qR2 



'"kl  2l; o
_whera q1 heat radiated by surfaoe 1 and 1mplng1wg on R,~;:

Ll ng that emltted by R and ;mpinging on‘surLaoa 2v,v;,

TR was found to be 210 F, Thls value gave the requlred
;Lnumbew of Junotlons as 16, resultlng 1n a factor of safety of
zu/lcﬂs. ST

’ Tests showed ‘that this factor of safety estlmated by
f #ariouStassump51ons,1s quite close;to‘the;value obtalned,wwhichq
1, : _ ,‘ B R
- Plg.16 shows the arrangement of Junctlons over the cn

‘recelver.

'_’See:Appéndix D_ for'célcutétions.'
' h;’ Specimeanqlder e
Water passage was chosen o be rectangular In cross

sectlon, wlth the idea that mawimum area of the cover plate S

'uould be in direct contact ulth water.,

Assuming 200 1n3/ﬁm1n for volumetrlc flow rate Q,

....’B




6 1n/sec for water veloclty V, and by usinv the contrnulty 5
‘ equaulon Q=AV, the requlred area was - found to be 0. 555 1n2;7‘.
-  The w1dth of the passage was then assumed to be 1.17
valn. nging a height of 0o u7 in, See Appendix E for Uae |

- arrangement of water nassage. kS
0, Construction

1;: Thermopile Chamber'and Blackbedy c°ne;v"'

The cones and cylinderlcal steam and water chambers
4'were nmnufactured simply by rolllng 1 m thick copper sheet
- into the desired shape and by welding the two endsktogether, B
¢7F11inv of welded ends was necessary. | o G
|  The ‘top surface of the thermopile chamber was made d‘
"femovable, flanoed o the body with 12 screws, with a rubber _
f_gasket 1n betWeen Also a hole Has provided to insert a thermo— ;f
"'meter for measuring the sueam temperature. | |
| " The thermonile housxng, whlch is in the fozm of ‘an
R'vinverued cup W1th a pipe at ﬁhe top to bring the thermoplle ,1'
:leada out, was nanufactured in the same vay and flanged u1th |
6 screws t0 ﬁhe anex of the cone throuﬁh the fiber. board,
Whlch constltutes the radiation shleld between tne reference
'and measuring Junctions. To make the housing eueamtlght, i mm,'

 thick rubber gaskets were prov1&ed on both sides of the
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board, an@ the board was‘surroundéd tigﬁtly by-ceiiophane} 
The’pufposéZQf'méking the topVsufface and_fhefhdusingv;" B
rermovable was to easily dismantlevﬁhé¢récei§érHWhehéver, i
necessary. | | | o “

Both chambers were 1nsu1ated by u mm. thch asnestos
Lboard and 1 mn, asbestos paper, and the 81de walls wore »;J
.covered by white cloﬁh | o

The steam jacket had steam inlet and outlet connec—/
tlons of 1/? in, in51de dlameter, made’ of copper'plpes 1, S 1n;_{
7.long. Also a glass tube was moun ted at its side to show the
level of the condensate in the jacket A ring of rubber,_aU ‘ "

material of low thermal conductivity was bonded to the4"

ner1nhery of the cylinderical Jacket at its base to separate  ,’ “‘

. the thermonile cone from the blaokbody cone or a specxmen.»

ance the gasket should nob be v1sible at the thermoplle, the  °'“~ €

maxxmum separation distance was calculated and found no be

.129 in,. L L ~":“ -

‘The inside surfaces of the tWo cones wers painted with L

tu0o coats‘éffblack #tove paint,

The cvlinderical water‘jQCket enclosihg the'cone héd"
a water inlef® connection at the bottom to 1ntroduce ﬁhe 1loﬂ’;;
v,of water uangentlally and an outlet connection high in Uhe‘- 
jacket,to assure complete ventlng of_alr,_both;made 9f OOPperv :

pires 1,5 in. long.
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‘2;- Thermopile Receiver

A ciroular fiber board of '3 in, diameter and 3/& in.
'thldk wag used to separare the measurlng and the rexefence

V‘i‘aunctlons of the thermopile. These 3unction° WBre dlstributed :

over 1 5 in. dlameter circular area of this board, convtitutlng

‘the receiver, For thls purpoae, ‘the receiver ‘area was dlvidedf* e

otinto 2l equal pavts. 1 mm. dlameter holes were drllled at’ the._o 
‘cenner of each and No.2u copper and constantan wires, cut in
about 2 in, long, were passed ﬁhrough these holes.w,é‘ | |
| A 20V d.c, battery system was used for maxxng the
béadod junctions.‘Thovenamol ooatlngoat the tlps of the wlres ;"
uas soraped off and the wires were holded with a pair of
’Pliors; Using the graphitejrod asonegative~ana the two wires
o aé poéitive, an‘afc wes formed betweenothé.graﬁhitooand the ;‘o"\
\;ktips of the'wires. Suffioiently-smoll‘?oads wereoooﬁaiood in

’“this waye
43} “Specimen Holder

’Tha opecimon hOidor‘vas made. of caot~brohze,twith its“f‘wr
“6'partition wallélinoide;fTo simplify'fhe«castiﬁg pfocoéo,oiﬁu
‘stalWQwéé fOr‘those’ﬂaIWS varj in cross‘Seotion thickness
from 3 mm, at the top to 5 rm, at the bottom.:Then tvo holes ;
‘wore drllled at the same 31de as 1nlot and outlen and copper
 pipes of %/2 in, diameter &nd 1.5 in, 1ong were welded at

"“*ﬁhese holes | '




| The cast unlt was machxned, afterwards, and Lvnally
1nsulated ' | | | |

The cover plates of the specimen holder were made of |

a hard, 1. S T, thlck copper sheet and mounted to ‘the cast
. piece by 16 serews, As a gasket between the holder and the

" cover plate, 1 mm. thick sheet oork was used

_u; Waterecirculation System_

7 Plastio plpes were used to take Water into the black-:’,'
body chamber, from there to the speclmen holder, and from the‘
specxmen holder to the sink. o | N

A thermome ter with O,5°F smallest lelsion was 1ocated

in the line between the blackbody and the specimen holder to

v_mea sure the water temperature. Por this purpose, a fwt iﬁg :

wlth three openings was used. Thermometer bulb was ingerued

',into the flow through a rubber pluga :

e:S;]'Steam:Circuletion System“

Steam was produced by boiling water in a b lt. canaclty,e*5

‘pyrex dlstillation flask. Samo type of plastlc p es were used -
" o take the steam ' from the slde ‘tube of the flasl to the
'chanber and to colleot the condensate at ﬁhe bottcm. Some stegm“:e‘edi
: 1eakeges were allowed at the top of the chamber to assure L
‘atmOSpheric pressure. ?he steam,temperature was measured by a

,thermometer 0. 2°F smallest division.

" -, L .’ » " S : : o BOGAZ\Q\\)NNERS

\TFS\ KumPHANES‘
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III, TESTING
A, Preparation for Test

VYPrepar'ation of the ,spee'imene is “ehemain" step, Tes\’g,g
" specimens of a thin floxible nature ~should be cut into
.-9in:‘. X 9in, squares andcenented to the speciinen h‘older
cover plates. ‘There are three cover plates prbvmed fozx L

- this purpose. After applying adhesive and specimen %o the
fplate ¢ The surface of the specimen should be oovered u:n‘ah

a sheet of elean paper end rolled with a roller to romove
| .bub'bles ‘and assure uniform close contact of speoimen e.nd

cover plate. | '

. Taest specimens of sheet metdl having Suffioient
'rigzdity to remain fla'b dux':.ng tests should be moun’ced » S
directly on the specimen holder. in place ‘of the cover nlate. = ‘

Test specimens should be prepared and handled in

_such a mammer that surfaces %o be tested are not soiled by

fingers or by foren.gn matter.
‘B, Setting Up the Apparatus’

The eool:.ng wa‘aer pipe is connected ’co ‘the faucet.

f"l'he ‘Gez’minals of the heater are connected to the power
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‘suppiy,,(Theveiéctrical heater méntionéd here‘ﬁés uséd‘inuédme
'Of the oxperxments to heat the yater so that no condensatlon
will occur. See discussions). After that, the blackbody is _f

‘ placed under Lhe thermoplle chamber.

€, Test Procedure

st the bunsen burner was. ignlted to heat the water

'}‘in tha fWask for prcduction of steam. Then the water clrcula- |

tion was started Under ex1st1ng conditions, steam producnlon 

;started in 1,5 - 2 hours after 1gn*txng the burner, nd’ t”lal ? ’1,,;
| experlmeﬁts Indicated that at- 1east u hours were req01red to |
obtaln dteady -state conditlons wlth steam flou, althou;h the‘ l>?lu

> ksteam temperature in’ the chamber as tndicated~by the ﬁhermp. ff%5 :f;

meter, reached a steady value around 212 F in about u5

k minutes.

Iy was seen durlng the trial tests that at steady
'sﬁate; the output did’not rema1n~constant but fluctuated.
The reason vas thought to be tamperature drlfts in the

housinv containing the reference junctions of the recelver.,

'To pfevept these drifts, ﬁhe junculons were closely surrounded“‘f‘

d the housing completely filled with cotbon' the result

“tam ed out to be positive,

Under existing 1aboratovv conditions; water temperaturej



o8

-"decreased rapldly at flrst and then this deorease slowed

down end after about 2 hours, i% essentially remained constantvf‘ie

ho within :t 0,2° F.

After steady steam and water condltlons were etta1ned:

- thermoplle emf readings were taken atb 15 minute inuervals, The,‘L; '

vxflnal steady value of thlsroutput, emf b? obtalned in sbout u
ehours, and the steam and waber temperatures were recordeﬂ
Then the test speclmen mounted on the specrmen holder
'whlch was put on the wood block was placed wder the Ehermo-f, 
1’plle chamber. As uadicated by the trial tests, 15 anutes .
:e were required to obtain a steady value for this output, emf
The values of emf, stean and water temperatures were recorded
The values for water temperature should not differ by morej"

“than 0.2°F for the two cases,
" D, Tests Made end Results

iz tests Were madevto measure emissivities of black
sﬁove nalnt, 1ight-cream "Sadolux" palnt, Larred paper,
asbestos paper, copper sheet, aluminum foil, aluminum eheet, ‘
and nickel Two tests were made on the black painn, one Wlth‘  ¢
uater at temperature Sh B and other at 69 F' four tes Is were |

: made on "Sadolux" paint, one of them belng wlﬁh water ét

“-’ 68 SOF the others at lower temperatures. In each of these

=‘7tests, two consecutlve measurements were taken.‘




: 1.,31ack Paint

ThlS is the paint w1th whlch ‘the 1nternal urfa cés ofk
the cones were painted. “easurement of its em1331v'ty was

' tneoessary for Lhe evaluanlon of effective emnglVltY of the

. black body cone,

Two tests were made, The dew point'témperatu“e of'ﬁhé

- _air in the room was 53°F, as measured by means of a sling o

'psydhrometer . The firsu test gave the value of € av 0. 86
_Thé‘secbnd test was carried with water at a hlgho? uemperar
. bure, and € was calculabed to be agaln 0.86.

The data for these and for all the suoseu’cnt tasts

Hlare glven in Appendiy F .

?~14‘2;7Tarred ?aper.

This is a materlal( Ziftll K&ELt) used 'inm'oofihg.* one

 ttest was made. Dew poinn was 5u . The value of. € c culated
‘ tfrom the test data is 0, 93. | o
3. ASbasﬁoé‘?aper :

' This is an insulabing material commonly used for
slectrical devices end in the laboratories,

- The test gaVegthe value of € as o0.9h.

‘i See Appendix G.



b CQ?PGT’Sheet

This is the cover plate of the speeimen’holder.'The7

- sheet was cleaned by dilute nitric acid to remove ﬁhe rust,_e'iLw’"x

’washed thoroughly and then drled

The value of'e calculated from the test data is O 38 f S

;,5. “Sadoluz" Paint

This is the type of“painﬁ mostly ueedein‘peihfing;
metellic‘eurfecee sﬁch as aﬁtomobiles, radiators andipipes;~>
 Fbur/tests were made on thie specimen.linitially,,ene'eoat;e
«ef this paint was epplied to the eover'piete‘and kept»é&;[ 
. hours to dry. Dew point teﬁperature in the room was S@¢F} :
The test save the value of € as 0,93, Then-oﬁe more cosat

 of the same,paint was applied and kept again for‘eu houre. o

The tevu rave & slightly higher value for €, 0. 9& Fuaally, ?e,f“

a third cnat was applied and-weasurement gave the ro ult
ag éF—D ol, which proves that 1ncreasing the number of
eeaﬁs further will not effect the value of € ;

The, 1ast test on this ﬁeeimen vwas made for tbree
coabts qé;lﬁ, but water was heated to a temperature oP
68.5°F, uhere the dew p01nt temperature was 62°F. The tost

| gave_e"aLn bhe same value O, 9h



' .brméht surface.

o

6.:Aluminuvaoil o

Thls is a household mauerlal used for cooking purposes.  ;jff“

One UCSu was made on thisg specxmen. Dew point temperabure was

meaeured as 6?°F The value of € calculated from ﬁhe teut

.da‘ca ie 0,34 , wlth water at 69°F

Thls value was found much higher than it was expected,};‘

’ therefore, another material of 1ow emlssivity, pollshed

' alun;num sheet, was tested

Te Aluminum Shest

 This was the only rigid specimen mounted dlrechy on

the specimen holder in place of the cover plate. It had a B
. The value of em1551V1ty for this surface Was calculatede'

to be 0,21 , apain mich hlgher than exnected | |
8..Polished Nickel Coab
_ The finel test was made on highly polished nickel
surface, which should have an emissivity'of about 0, 05333
indicated in the 11terature. But the test data gave a value
‘for the em1331vity as 0,24 , agaln very high, B '

Possible reasons for these unexpected'results are.

. discusaed below,



~ E, Discussion of Results

- The apparatus reached the steady state at dlfferent
Vremf values although the steam temperature 1ndicated by the g

-~ thermometer wag ‘almost the seme, The reason for ﬁhls can

 ‘be explained by the fact that with a thermoplle of 2h iron
‘ ,fconstantan Junctions, 1° F dlfference in temperature nroduoes |
";2h x 30 = 7?0/(V 2 very small change in the ﬁemperabure ofx;
the reference junctlons rosults in a great change in the |

:output But there was no appreciable change durlng one test

The tests conducted indicate that the results obtainede L

‘:“W1ﬁh Specimens of high\and moderate em1831vities are satis~

o facbory sinoe they 11e in the region of values given in the f f2_"’

_'litereture .

- The. tests on “Sadolux" paxnt indlcate that mnlssivity  e‘

- ﬁeof hhe surface increases slightly as one goos fTom.one coat

%o two coats, but there is no change with further 1norease .
'e 1n the number of coats. |

| The graphs in Flg. 17 ehow the variation of enf _
cutput w;th time and attalnment of steady state Condluions f'
 >£0? the case of black atove paint, Similar varlatlons wére |

”obthned Ln all the other tests.

Plg. 18 shows the variation of emf output with water

Eftemperature, stean temperavure belng constant, Th;a;ia f¢?h_




the tost on black stove paint, and it is interesting to nota =
here that the two curves for blackbbdycone and the spéci.m"en Y
“have almost the same slope. ‘ /
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The last three tests mndicate that the apparatuo does
not work well with the speclmens of very. low em1381Vlties. N 5f
The specimens were. handled W1th oare, yet the results obtained |
were different from the- tabulated values. The reasons uere

investigated'

N Possible effeet of moisture condensation was cheoked i

‘ For thils purpose, the water was circulated through an electric
heater, which raised its temperature to about 70°F' but no ff
appreciable difference in the resulte were noticed ‘As en }
example, the emissivity of the black paint was found ag 0 86

both uhen the water temperature was 69° ® and when it was Sh F

b. A theoretical model was developed with the intention f,‘ﬂ

,'of determlning a factor in the governing equation which if
neglected, might cause an error in the case of 1ow emisszvity»
'_ surfaces; This is the second model explained in the firstr"
,section. Consideration of the factor QZ resulted xn a corn;‘w
rection in the right direotion, . but 1t vas far from bemo' .
sufficient . v | | ‘
o. A thlrd theoretioel model was developed whwoh

takes into account multiple refleotions. Evaluation of the.v
tvfector ¢% of this model did not result in a sufficlent .
,oorrection., *_ |

- ds In the theoretioal models mentioned above, it hadk
'been assumed that the Junctions vere receiving heat . fram

,juhe envmronment bv oonductlon and convectidn, leadbno to




a.lineaf dependence of heaﬁ on the7temnerature diffefeﬁce?:

 but it was certain that nhe measuriﬂg junctions were recelvingTa‘fﬂﬂf

heat from the env1ronment also by radiation, Perhaps there L
meht be a 1im1tati0n to thxs assumption, An exten51ve 11tera~
ture seardh was made wWith regard $o the theory of such -an |
E spparatus, but no reference was found, . '
- e, It is'possiblthhat thererare con&ectibﬁieu"renfs -
in the cenlcal opening, If soy because of the low temnewature
‘at the bottom, the tendency of these currents Would be Lo
-"lowex the. temperatura of_the measuring Junctions, oau xng aﬁ ;
’add;t;onal dif ference in nemperature between the measurxng
-~ and reference Junctlons of the receiver. This would result
’:Ln an emf output of a certain amount regardless of the
emissivity: of the surface v1eued This may well be uhe ,
_reason fbr measuring hlgh values with low emissmvlty surfaces;ﬂ}
‘svnce the affect of a certaln amount of addltional emf will .
be qulbe 31gnificant when 1ow outputs are measured K:,{ ;
Te Fﬂnally, the emlssivity of the black palnt used IOP}
ylhsloe surfaces of the cones was measured to be 0 86,thch 1s )

less Lhan O 90, the minimwm value suggested in the standards



IV, CONCLUSIONS AND REGOMMENDATIONS

-l. The performsnce of the apperatus is satisfactory'wleSS‘ 5

the em1531v1ty is very low.

”3>2. Unsqtisfactory performance in connection with low
‘emlss1vaty surfaces has not been explained clearly.,ﬂv'
"Recommendatlons for thls are :‘,;‘ S _'4'1g75,;f'
G More extensive literature search should be made . for
any ﬁheoretical 1imitatlons of the apparatus. :'
b, Inside surfaces of the cones should ‘be painted with awggl'
_pamt of emlssivity hlcher then 0O, 90 .' B e
: c.,A speoially'manufactured, pure metallic surface,
‘alumlnum or nickel, should be tested both with a duli
. surface and with an e?tremely polished surface, and uhe 7?;’“\' .
-wesulus should be compared ‘ v 7 k
ad, One. wav to verify ewperxmentally the possible e fect
of convaotlon currents would be to fold the measurlng |
‘Junctlons against the recelver ares, In the present
deslon, those juﬂctions:stick out info the‘air andraré
exposed to convaction curfents. A_reduction‘iﬁ_%he'émf'i
oﬁtput, after the-mddification; would‘indicate'ﬁhat ‘ B

convection currents are signiflicant,




B

3 The apparatus reaches steady state ab quite a,long tlme-
fone test takes about 6 hours, | :
as Bebber 1nsu1ation of the thermopile chember and ghe
Ilask would reduce heat losses %o the surroundlngs, and
b, Using a larger b01ler flask would. enable onerto'qarry"

out more then one test in one run,




APPF'NDT}_ 3 DETER“IINATION OF THE EMISSIVITY OF THE
BLACKBOLY CONE'S)

The effective GMlSS1VLL}, €., of the blackbody cone(ka
ie determined as - follows. r’he Interior surface of the cone :
is oiven two coats cf selectcc paint, and two coats of the
. same paint 1s applied to the surface of the cover plate of o
the specimen holder, Measurements of emfb and emf” are made~i‘i
as indicated in the text, ‘ f | s B

The effective emissivity of the hypothetlcal plane L

eurface representing the opening of a right circular cone

, w1th a. diffusely reflecting 1nterior surface has been wiven"iu“l:k

i'fby A Gouffe”,

| The table below gives calculated values of the

‘geff‘ective emissiv:.ty éb of such a cone having an lncluded E

angle of 56 9 deg for various values of the surface emis-kf’-

s1vity € of ‘the interior surface of the cone. S '
The ratio of emf//emfb is equal to €/¢, if the

speclmen and the cone have the same surface. emi351v1ty.

Tl

Using the;table,ﬁfhe values of ¢ and|ébcorre8pondinw to the
’obsefved ratio of;e/a,can‘be‘determinedrby interpolation or';i
extrapolation;’lhus'both thevemissivity of the painted |
surface and the effective emissiv1ty of the blackbody cone

are determined for the paint and cone used The values of éb

. are plotted below as a functlon of the ratio é/@b.
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~ The gréphic below3i11u§trates the variation of
effectivé'emissivities of the 6penings,of\thbncones with
dlfferent cone angles, emlssivity of the surface,é: being

: (4) o
" g parameter = . The ordinate axis, ﬂoJT represents an




 apparent hemispherical emissivity of the’cav1tylés a whole,
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- 'APPENDIX B : EVALUATION OF FACTOR (J)

In the third model developed in the first sect*on,f -

wh:n.ch took wnto account multiple reflections, radiant energy.,

to cold surf‘ace at Tg is given by :

G = E4vARL [ (e R + () - ed Rary - ] T

- h‘ Z:‘(I‘EJFIZ*.0-6.?-)(“'_\6'3 leFl_:-"'TL]T?-f . :

This energy is equal to the energy-received from the
; envlronment at TR, q . It was assumed that for small TR Tl,

qc =8 ( "R-TI )

~since emf =b ( TR-TI)
Qg = 9, = ¢ ( emf ?

- This results in

€ . gmlf" (1‘—1'14[») 771:4“ (/1"fzé) 7;.4 - ;010% ¢
o o | (+F) TF —(1eh)TH | oy

\ W"\& re

i

+f, —fﬂ(héQFh-rU—e,(p4a)525|~ el
B - €) Fp + (=€) (- &) By Fp = -
| 4+’Fd)"' ({ é’-‘l’) 24 +({ € ({ eZ-L) Hz 2/ ","

41’%_1,."" - &2 57—1’ (I— ) P+ (1- ézL)[/- ) .2/5;
/

i\l




By taking €, = 0.90 |  emfy, =1,800 mv
€= 0.98 - T3 = 0.2006
‘ RPN - IO . ik »
Tp =672 R P21 =0.000105 -
o , S :
T, = 531" R - | | o |
where Flz and Fp, are the new engle factors calculated. by

: consideringg as Ay the area of the Junections only , the

fgl}ozaing ,values were obtainéd for. l+f1b, 1+f2b s ZI.-}-]‘.‘l 5 ar'd

-+ .
1+f, ; | | ﬁ
1P o=1 | 1+fq 1+F,

10,968 €

il
it

0,01 ,983 1,000
0.05 997 - ,998

m
T~
i

0.10  .998 ,997

)
™
i

0,20  .,999 - = .994

o
it

0,40 1,000 ~  .987. PRI

™
~
i

= 0,60 1,000 .980

[\t,
i

= 0.80 1,000 * 974

W
1t

™
il

1.00 1,000 0,968

 The factor 952 calculated this way was plotted agalnst emf =
faﬁio" for 'diff.ereht values of € g, This plot is given

below, R _ ‘ : : R

. s
“
i
i
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APPENDIX C : CALCULATION OF ANGLE FACTORS.

Refer 4o Fig. 15 in the text for symbols and subscrlpts,‘Af, l

The angle factor for surfaces R and 2 is given by

the_equatLon

E O+B-fc) —-/—451 cL)l 44slc15
RQ_-

B 28*%
‘wherév Ba:b/g/ C;= ¢ /s
With a=12 in.
v=0,75 in,
¢=3 in. , ,
 Fpg was found to be 0,0641 . é
‘Using Fo, + Fop * Fkg =1 N and, ‘ A Fey =.A27F??fff’fff!
Foo * By * B =1 A F, =;Aé{ﬁz4gﬂ'f?5’7§
F“‘ + Fu_ + F1g -1 : ~A1 F{R ,_-__,‘_AR, FR‘1
Fre = Fpy =0 B kI %
Fu #0

*

tbe‘following results were'obtained :

Ty = 0.996 P, =0.793
F,o = 0,004 F,, =0.1954
F. = 0,0155

In all of these calculations, A% was taken as ﬁhekareakof‘thé> “

receiver, not the4aregfpf the'junctions;>



| In the design of the thermoplle receive R 1t had
been- assumed that surface R was fexractory and others were
blqck. Under these assumptlons, R exchanges the same amount"-

of energy w;th‘Al as with 4, .

E_ciua\:ion O'/A{ F'R (T{ Tg ) = OJAR R2. (TR "T2,4>

T4 Tg _ FRz
.'73 -Tat 1- Faa
212°F

.3ive5

Teking ™
o
To = 60°F , B
the ve vlation of Ir » temperature of the measurlng Jurctions,

- With'ﬁﬁz comes out to be as follows :

220

260
| 180
Tr 160
(F)




| APPENDIX D : DETERMINATION. OF HUMBER OF JUNCTTONS NEEDSD

Refer to Flg. 15 for symbols and subscripts.
Temperature of . the measuring junctions of the thermo-kT

plle was calculated by assum*ng the followinw equatson holdsEa‘f,~

gruer

%R * 9cona T m2

il
o
]
<
-
ﬁ;;
o

"D ' .
i

cross section of the wire = —2—(0024& ‘s‘q." in,
_‘1 = length of wire = 3/4 in, ‘
k. = 52 Btu/hr-ft-°F

iron | . _
¥ = 15.5 Btu /ar=ft=CF
cons »
T, = 212°F
T = 60 °F
7/ - T = Temperature dlfference between the two SLaes of

the receiver

&(T Q)+Ak?%@'=A,mlﬂgnﬁﬁﬂ

Th_s equation gave T

l, and temperatures far 24 JunC£nons.

Y g o

= 210°F with the above values of X, &,



- The reduired number of~juﬁctions with Ty

was 16, resulting in a factor of safety>of 24/16

o




- AppmiDIX B commzm DIMENSIONAL DRAWING :
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APPENDIX F : TEST DATA AND A SAMFLE CALCULATION

In all of the daeta glven below, time is 1n hours, -

eémi values are in millivolts,

1. Black Paint

' vatnr and steam temperaturev are in degrees ﬁahrenheit, and “}~

T, T emt

time '.I'w ,Ts fgmfb ; time w1
17,20 53.8 211.9 1,566 14,28 53,7 211,9 1,375
12,30 5.8 211,0 1,565  14.38 58,7 211.9 1,875
15,45 83,7  211,9 1,565 o o
| éb by, T 545 | |
From the first graph in Appendix A fﬂ,— 0. 98 o  ;*

2, Plack Paint

time Ty

15,40 69,0
14,00 69,0

=(o.33)(o-878>‘=vot8é

T emf

s . Ty time
212.0 1.842 14,10
212.0 1,842 14,15

Tw ;,, TS ,,1emf.
69.0 212.0 1,621
69.0 212,0 1,621



¢ EE
[

- Tarred Paper

'timgvb T, T, onf, "?time Ty T, - enmf

116.35 '58.2.212;0 1,605 16,50 58,2 212.0 1.520 -
16,45 58,2 212,0 1,605 16.57 58,2 212.0 1.520
| B ¢=0.893 ‘

4 kAsbestos Paper;'

time T, T emfy,  time T, T .v “emfv, 

17.00 58.5 212.0 1,855 17.22 58.5 212,0 1,785
17.15 58.5 212,0 1,855 17,26 58,5 212,0 1,785

Dull Copper Plate

~ time T, Ty emfy . time T, T, emf
15,15 59,4 212.2 2,049 15.55 59.4 212,2 0,791

15,50 §9.4 212,2 2,044 15,57 59,4 212,2 0,791

15,45 59,4 212.2 2,044 16,00 59,4 212,2 0,791

 ‘Oﬁé Coat_"Sadolux" Palnt

Cfime T, T, Cemfy C time T, T oms
20,50 60,6 212.0 1,411 21,25 60.6 212,0 1,541
21.00 60.6 212,0 1,411 21,30 60.6 212,0 1.341
21,00 60,5 212.0 1,411 21,35 60,6 212,0 1,341

Aé,"’o's-g‘ I | e




12,15 63,5 212.0 1.411 . 19,45 63,4 212,0 1.

10,00 62,5 212,0 1,415 19,42 63.4 212,0 1,
1

Two Coats of "Sadolux" Paint , .
time | Ty Ts | emfb 3 ti@é T,  $$ emf
15.15 63.5 212.0 1,395 15,40 65,5 212,0 1,330
15,30 63.5 212,0 1.395 15,48 63,5 212.0 1,350
é = 0.34 i L e
 Throe Coats "Sadolux" Paint
tlme T, T, emfy,  time T, T, emf

(ﬂ

o

R

10,30 65,5 212.0 1,411 10,48 63.4 212.0 1,346

€=094

8, Three Coats "Sadolux" Paint
. time Ty, Ty emfy time T #Té "}emf*
7.50 68,6 211,8 1,294 17,55 68,5 211,8 1,254
| 17.45 68,5 211,8 1,264 18,00 68,5 211,8 1,254
_ 10; Almminum Foll | ' ‘ )
time Tﬁ : Ts' . emfb ,  time ’I‘W o Ts f emf  >

14,55 69,0 212.0° 2,048 15,20 69.0 212,0 0,701
15,05 69,0 212,0 2,048 15,30 69.0 212,0 0.701 -

€=0.34-

26



.

" 1i. Aluminum Sheet

time Ty, | Ty | emfb

16,15 70,6 '212,0 1,695
16,45 70,6 212,0 1,695

) €=0.2]
12, Nickel
time T, T emfy

15,00 71.00 212.4 1.820
15,15 71,00 212.4 ‘1.820

time
17,08
17,10

time

15,55
16,05

. 53

TW ' Ts. ‘ kemf

70.5 212,0 0,364
70.5 212,0 0,364

Tw - Ts ) emf 

71,0 212.4 0,454

71,0 212,4 0,454




4,
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- APPENDIX G : IWSTRUMINTS USED

Volf Poténtiometer

Manufacturer‘s Léeds & Ndrthrup»Co., 4901‘S£entbn Ave.,   
| 'Philsdelphia 44, Pennsylvania

Yiodel : 8687 | |

‘Serisl No. : 1647111

Renge : O to 1.501 and O to 0.1601~v01t ( two scales )“ﬂ

Aceuracy : F( 0,05 % of reading + 3V ) for the small scale

7( 0.05 % of reading +30V ) for the big scale

, Variable Autotransformer”

Manufacturer : The Superior Electric Co., Bristol, Conn.
Type : 116 B~
Frequéncy‘Rangé':-50/60 cycles

_Phasei! 1

Input Voltage : 120 V'
Output~Voltage :t 0 to 140,V
Meximum Amperes : 10

Maximum Capacity : 1.4 KVA

Vbltage Stabiliéer

Manufacturer : General Electric Cé.,iFért-Wayne; Ihdiana
Model : 9TOLY7158 | | |
“Cyeles ¢ 56 '
~Capacity : 0.5 KVA

R



 Manufacturer : The Welch Seientific Co., 1515 Sedgwick St.

Serizl No, : Har, Filg,

Range : O to 120°F

55

‘Input Voltage : 95 to 130, 175 to 235, 190 to 260 Volts

Output voltage : 118 and 236 Volts

Sling Psychrometer

Chicago

Inventory No., : 879

Smallest Division :FO.5°F'




3.
| of Surfaces of Materials, ASTH Designationi ClliB=bly

| .

. BB

- BIBLIOGRAPHY

Eckért, E.R.G. Introduction to Heat & Mass.Transfer;

He ,Graw - Hill Book Company Inc., 1942,

Wiebelt, J.A., Enplneering Radiation Heat Trensfer,

Holt, Rinehart and Winston, 1966,

Standard Method of Test for Normal Total Emissivity

Sparrow, E.M, end Jonsson, V,K.,"Radiant Emission ~

of the Optical Society of America, Vol. 53, No,7,

kpp; 816-821,

Characteristics of Diffuse Conical Gavities," Journal



57

REFERENCES NOT CITED

Me A.dams, W,H, Heat Transmlspion, 2nd ed Mce Graw ~ Hlll

' Book Company Ino., 19212

B Ch&pmazi,’ A.J, Heat Transfer, lst ed, New York: Maemillan ‘.
Gompamys 11960, .

" ‘Wood, W.P, Eyrometry. Mc Graw - Hill Book Company
‘ kInC:; 91, | | | '




	Tez5731001
	Tez5731002
	Tez5731003
	Tez5731004
	Tez5731005
	Tez5731006
	Tez5731007
	Tez5731008
	Tez5731009
	Tez5731010
	Tez5731011
	Tez5731012
	Tez5731013
	Tez5731014
	Tez5731015
	Tez5731016
	Tez5731017
	Tez5731018
	Tez5731019
	Tez5731020
	Tez5731021
	Tez5731022
	Tez5731023
	Tez5731024
	Tez5731025
	Tez5731026
	Tez5731027
	Tez5731028
	Tez5731029
	Tez5731030
	Tez5731031
	Tez5731032
	Tez5731033
	Tez5731034
	Tez5731035
	Tez5731036
	Tez5731037
	Tez5731038
	Tez5731039
	Tez5731040
	Tez5731041
	Tez5731042
	Tez5731043
	Tez5731044
	Tez5731045
	Tez5731046
	Tez5731047
	Tez5731048
	Tez5731049
	Tez5731050
	Tez5731051
	Tez5731052
	Tez5731053
	Tez5731054
	Tez5731055
	Tez5731056
	Tez5731057
	Tez5731058
	Tez5731059
	Tez5731060
	Tez5731061
	Tez5731062
	Tez5731063

