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THE TH SOUL OOkDCCTTYITT OF 3011 HQJET MATERIALS

The wethod weed in detemining the thernal conductivities of the 

saterials tested is based on the veil known equation for heat floe 

in the steady state*

a
i

Q is the quantity of heat flowing through the specinen.

1 is the length of the spec1sen parallel to the lines of heat flow,

At is the teapereture drop across the length 1 of special.

In e.g.s. units, k has the diaansions of

If the heat flow equation is solved for the thernal conductivity,

the equation

I

All the quantities on the right side of this equationis obtained.

except Q any be easily and ascuratelv found. A typical speeisMn of the

notarial being tested is cylindrical, so that the cross sectional area

Tesperaturee are neacured at two points alongA way readily eewputed.

the length of the specleer by theruocouples located sufficiently far

k is a proportionality constant called the thermal conductivity of 
the saterial cowposinv th* specinen.

,calf 
eec.cn. °C.

A is the croso-eectional area of the ■peciwen perpendicular to 
the lines of heat flow.
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attain that purpose.

fcqperlnental bethod

bolder.

TWo

* close up

A cylindrical

fror its ends to avoid Irrewular boat flow due to end effects, thus 

providinr an accurate nee air on ent of Oft. The distance between 

tbemoeouplee, 1, any be easily neesured.

The developwent of a reliable wethod of woe soring tharnal con

ductivity la, therefore, a problew of accurately neasuriny the aeovnt 

of beat pot into the speclaen and of aakinr tore that exactly thia 

anoont of heat flows all the way through the epee lean, i.e. , that 

heat is neither lost nor rained in a redial direction. The apparatus 

discussed In the next section is designed to

A diagrams of the appartus Is on the next pare (Fir. 1). 

photoyrapb of the apparatus Is also Included (Fl<. 1A). 

Rseciner (generally J" Ions and 1* In disaster) of th* Material to be 

tested la prepared. The upper end of thia speclnan is soldered to a 

brass cooling ebanber through which water circulates in the direction 

indicated by the arrows in Fig. 1, The lower end of the op sol wen is 

threaded for about 1/F" and is screwed thlghtly Into 

directly below the bottow of the
the cooper Weeter 

speclwen thia heater holder 

contains a colled heater wound frow 1/B" nichrowe ribbon, which la in- 

•^•twd free the spec Iren and heater bolder with dcanlte sheet.

l/F" brass rods lead frow the heater to the outside of the apparatus, 

•**•**• the ®t*rnal electrical corrections are unde. As the potential 

drop alone the brass leads Is eery anil, a wattaeter comoeted across 

. ***•■ <Troe an accurate aassrs of the power put Into the epeelren heater.

M
M

M
m

naM
N

M
M

M
a



I
I

I

.1 COGL/HQ CHRMBEQ

I i

4P£C/AJEH HCPTEii

soec/MEN /ukjlg^RCX£T HEPTE

I M2V*

Eorro^t hERTEQ

>1

)CQMXJCrWryPflPfifiArUS

1

1

!

7 77

r

COPPER
JTOP HE RTER

QC/TEP HE PT EQ

i» 
t

- 2 J ^COPPER 
r rr z#

400
l epo

. .1 * ‘

1 r nc<ZC

I 1

111

TPRHS/TE

K» b|

tp

*9*

•w

,-z:■,■■ ■■ ^y-^k..s

« !* .- os® ' .J

A*: Y<

j*,-w..

♦'
 ■

*

<*



■

I
j

4

■

I

'fl

■MM

r
sa

» 
■.

sa
y^

®
w

 ?.

■■■■

*

J

-—
“—

- 
...

...
...

...
...

...
...

...
...

...
...

.hi
H

H
H

M
H

M
N

w
 •

I...
...

...
...

...
...

...
—

M
M



- T -

•bout

paper.

th*

Jack^.
•nd 12 inMg. 1)

tranalte to

and

•POOlMan.
From th*

•o *• to *eour*

cooling chan'**’

co Hod th* top, 

poaltlons shown

•pperctu*. Ito 

**»• >wt«ri in the hoe* 

1 to •, InelMolY*. end (g)

•nd the rot* of enter flow 

•nd th* Jacket %

•nd of the

*• in diameter with l/«- 

•pace between

Thi* Jacket la 

•ound on a fl*t micanite 

rlnc of 3/14-

*'°PPer rlat so Ider ed

•re p- enod into 

’• itt*«‘t*d In >«O hoi..),

one lush From the

* aoppei 0kard Jaaket, 

•roond the .polw>, ..d tlw ( 
•nd >cket 1. miod ,rtth ..to.toe 

••• by a nlohrowe hooter 

*»y ••tor flowlc^ through a 

Fla* »»hr

•onatruotlon of the

•tepet (1) adjwetlag

• balanoo of thermocouple*

•d^Mttac tn. Jacket .nd heater,

t ••rough the epeolam

!• enoloeed by 

to the outeld*.

• mmber of trrnalte disc* 

Three heetera,

•ro located within

eoollag ring eo aa to

•• • heat

hotel at It* 

rkne and la cooled 

copper tubing at the top.

to th. bottom of the euerd >*het .*ts 

receptor for the 5ackwt h— •—J het he.ter, and oonduet* thl. heet to the 
Th* Jacket also to* nHi i .ao ha. ohrom.1— th«-»ooouplv* (11

•• that 9 end 11

C«*rd Jacket 

deem heet loee 

apparatus cootalna
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located and
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(**c) (°C)

7

10
11

1
2
3

M.S 
34. d 
•0.1 
4d.tf 
04.0 
03.7 
41.1
47.7 
43. 0 
3»-0
33.8

0.37 
0.16 
0.32 
e.06 

10.40 
10. 6 X 
«.as 
0.70 
4.43 
3.30 
3.70

Kun No. Av. Tonperoturo t Q k

The results oottoOwd In this Lobio

—mum • 
■■■II ■■! I

aro shorn la a graph (Flg.t) uF

tH* Visriul conductivity of this spoelnan oa a ftmttan oF 7n<iii.reTuj-a..

•»

The power Input to ell barters la

through constant voltage transform™.

In taking a

Pate and Aoeults

hu-» terylliun

Wmnsions oF Spoolneat A a 0.007 en.»

- 0 -
be Issue themoeouplo 0 with 11 end thernoeouple 10 with 13. Tm First step 

aw tone it poeslble to wonsure •coumtely the .count of heat prosing Into the 

•pooiMMKt the second prevents any rediol loos or gain oF hoot as the input 

kart posses op through thn a part net to the cooling ohawher. Haus the tn. 

problem nontioaod la the toot paragraph oF the introduction are salved rad 

the value ef Q to >e used in the equation rar the thorns 1 conductivity io 

obtained.

•aatrollad by Vsriaes operating 

The pomr input to the spool non 

heater la was sored by s preelsion low range A.C. mttaetor.

run shout one-balF hour is allmed to elapse r at we eat the ettai reseat oF 

a bale >oo and the eetml taking oF data, to weke sure that M«dy state 

ooradlclone aro eppraalrmtod rather elonely.

1 • 3.343 aw..

The top eurFaeo of this spool wont Is plated with .<X»1" oF sopp ar 

and is then soldered to the cooling ehanbor using eorolaso soft solder and 

iaClg - 'OgCl Flux.
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( cal/eec/cc, °C)Caul/ Me)(°C)(°C)

Q kAe. Teepera tare tRun Mo.

The re—.11 tn contained in tide table are nhowi In a graph

(Fig. S) of the there*! conductivity of this epeclncn us a Function

21 ■ 1.818 on., A ■ S.O42 ce.M eon ■Lona of 8j iri»eni

Tboriun will not take an adherent copper plate, nor will

•oft colder adhere to it. Therefore, the top surface of tide

spocLacn is senrt-bl anted and dipped in uolten 99$ Zn — 1% Al,

which fores a •gulvunlsod" coating on it. The cooling chasber

In soldered to thin coating using coreless soft colder and ZnClg —

a

- IO -I

1 - 2.542 cm., A ■Dtoensions of Specimen*

The top surface of thia npecieen in soldered to the cooling 

e hasher using corelose soft colder and Hogul Flux, the specinen 

surface beix^ scratched under the flux in order to secure an ad

herent coating of colder.
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( «• )

.0783 

.0747 

.0744 

.075® 

.0759 

.0747 

.0738

Run Bo. * Q K

- 13 -

*

*
the current la

the voltegw drop.

the results cent.ined in thia table

function of terspera ture.

1 « 2.007 2

<

J

••soured with a standard resistor and potent I oneteri 

with a volt baa end potent! cmot or .

11083 Graphite, Lengthwise

Dleensiona of Spool-tent

are shown in a graph (fig.4) 

of the thereat conductivity of thia specimen

/B4CI flux.

- ?

Because of the relatively low conductivity of thorlui, the p<?wwr 

input to attain a given temperature gradient is such lower ttan for the 

other spociecna. As it la difficult to aoaauro such low powers aocur- 

atoly with the wttweter, D.C. power from a storage battery ia used for 

thia apeoiwan only. The power ia deterelned aa the product of current 

through and voltage drop across the apeoiwan heater.

on., A • 5.003 on.

the top surface of thia specimen la plated with .001" of copper 

sr.d is then soldered to the cooling chamber uai^g corelosa soft solder end 

2^-** •• — rw /• | Flint.
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(°C) (°C) (cal/sec) ( cal/sec/am/°C )
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.263 

.259 

.266 

.261

.256 

.260

61.4
51.6
43.1
46.1
42.6
35.9
29.0

13.66
15.56
15.63
9.54
9.63
9.88
7.24

7.17
6.98
6.91
4.92
4.92
4.92
3.58

Run So. Av. Temperature t Q k

Those results,

the length of the

Brees (From piece tested by Hcubcrgh in Cheuilatry)

Dimensions of Specimen* 1 - 2.565 cm., A » 5.017 cm.2

The top surface of thio specimen ie soldered to the coolinj chamber 

using coreless soft solder and Zndg - NH4CI flux.

tax«n on tvo spedmons from tbs same bur of extruded 

graphite, indicate that ths thermal conductivity alonj 

bur is about 1.7 as greet as the conductivity through the h^r.

££££4 (From piece for ti nafer

Wjnonsions of Specimen*

ore shown in a graph (Fig. 7) of 

a function of temperature.

.WiBureiantB of Christ and Peterson) 

1 3 2.570 cm., A ■ 3.447 cm.2

The top surface of t.l» spec! on is soldered to the coolly etaaber 

using ooreless soft solder and Zndg - NH4CI flux.

The results contained in this table 1 

t»ie thermal conductivity of this specimen as

- 17 -

< a graph (Fig. 6) of 

as e function of teaperut^re.

-hr results cc~tuinud in tills ti ble are snown in 

the vhor al conductivity of this specimen
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.278 

.ZTf 
•2t>0 
.271 
.273 
.278 
.274 
.282 
.281 
.285

oa 1/soc/ot\/0C )(°C)

11.66
11.28
10.94
8.66
8.49
6.27
6.37

13.55
13.62
13.38

(°C)

52.7
58.9
64.6
44.7
51.0
48.3
40.6
58.7
62.1
70.3

1
2
3

6
6
7
8
9

10

Run Mo. At. Temperature 6 Q k
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The results contained in thia table

It is

by a known pressure, and the

n

x

are compressed 

power passing throur^i the discs la determined 

by aeesuring the temperature gradient 

conductivity of which has been

a horizontally split 

parts of which the aluminum dises

ere shown in a graph (Fig. 8) 

of the thermal oona.otivity of this specie .. . function of temperature.

Heat Transfer Through a Pile of Thin Aluminum Discs.

This experiment is intended to

kAl 
U1

“Al

determine the heat transfer through a 

pile of .020" thick aluminum discs under various pressures, and thereby the 

hart transfer 64 across the air film between two adjacent disca. 

reported along with the foregoing resulta on thernel 

the same apparatus is used.

in the lower brass pieoe, the thenwl 

mearured (see Fig. 7). The unit heat transfer 

ht is then determined a. follows. First the omr.ll h.^t transfer hA1 is 

determined from the defining ecjuatlon

conductivity because

The specimen consists of 

brass oyllnder between the two
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Praam* ra tai

(®C)
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