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ABSTRACT

A method is mathemati-usily derived for the
measurement of the thermsl :onductivity of gases which
is independent of radlatioa, and thus particularly
guitable at elevated temperztures, The methcd emprlioys
a conventinnal hot wire cell with 1ts wire heated by
a sinusoidal alternating current superimposed upron a
direct current. The operating conditlions under which
the radiation introduces no appnrecigble error are
indicated as well as the inherent limlitations of the
method. Optimum cell design and cperating conditions
are suggesved,
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I. Outline of Proposed Method for De%ermining Thermal
Conductivities of Gases at High Terperature

The method proposed to measure thermsl conductivity
at high temperatures empioys a hot wire ceii in which the
wire 1s heated by a variable cyclical current. A square
wave of direct current or any ualternating current whose
wave form is known could be considered. However, a
sinusoidzl alternating current superimposed upon a con-
stant direct current has been assumed in the following
methematical esnalysls. This wave pattiern was chosen,
not cnly for mathematical convenience, but also becauss
the performance ol electronic equipment 1s best known
in terms of sinusoidal alternating current.

The principal reason for the mathematical analysis
was to obtain the theoretical calibration equations and
7o determine the optimum cell design and operating con-
d3%ticns such that the response 16 sensltive tc varia-
tlone in thermal conductivity in the range expected and
ineensitive to wire-to-wall radiation. However, since
it moet likely will prove necessary to use empirical
calibration to account for unavoidable errors, any

repetitive current shape could in practice be employedl.

The method developed in this paper is based
upon the fact that the temperature of the wire will
oscillate above and below its average temperature cu
of phase with the input power due to the fact that the
gas has a finlte thermal conductivity, specific heat,
and density and thus does not instantaneously remove
the heat generated within the wire. Therefore any
physical or electrical proverrty which is a function of
this phase lag may in theory be measured to determine
the thermal conductivity of the gas. The following
mathematlical snalysis applies this principle and
indicates the properties which may be measured.
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II., Matlematicsl Analysis of Dilfearential Equaticn and
Accomggnyi;g Boundary Condltions

A wire of radius rq mounted ccaxially in a cylindri-
cal Jacket of radius rp is heated with superimposed A.C.

and D.C. surrents. Heat i1s removed from the wire both by
conduction through the gas which f31l1ls the Jjacket and by
radiation from the wire to the wall. In order to find
the temperature of the wire ae a functlon of time, the
following assumptions are made?

1. The vire is at a uniform temperature, t;,
at any instant {(true for small wires and low frequencles).

2. All ohysical propertiea are independent of
temperature (true for small temparature fluctustions).

3. The externsl Jacket is mairitalned at a constant
uniform temperature, t, (true for a heavy Jacket at

steady state).

4, Heat radiated by the wire ia independent of
time and proportional to the average power imput to the
wire {true for rezsonably small net radiation and tempera-
ture fiuctuations smail compared to the wire-to-jacket
temperature difference, It 1g %o satisry this condition

that D.C. is required as well as A.C.)

For any desired test ccndlitions the extent of devlation
frem each of these assumptions can be computed,

The differentlal equation that aprlies in the gas
phase 1s, in eylindrical conrdinates?

2%t
2 1 +123t =1t r< rd r (1)
brg rdr a ¥ 1 2

The boundary conditione at the wire and Jacket sur-
faces are obtained by heat balances.
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Thus at r = ry

2
Rate of total hest im%d wire: (1 + I, slnw@®) R
- t
Rate of heat absorbed by wire: 1mr;“c'p'L 335

>t
Rate of heat conducted into gas: —?ﬂrlﬂL >r 5

1
Rate of heat radiated to jacket: vQ' = v (1% + —5-)R

Equating the heat input to heat absorbed plus heat trans-
ferred ylelds: o
t ‘!’

(1 + I, sinws)?R = Tfrlgc'p'L % - anr KL S + v(1% )R (2)

A similar heat Balance at the Jacket waoll ylelds:
3t
’7)(1 + —2— R = - 2nrokL dr (%)

The solution of the differential equation, usirig
the previously steted assumptions and boundary values
18 presented in the Appendix. The following expression
18 obtained for ths temperature of the wire as a func~
tion of tilme:

1°RE;

(12412) (1-v)R

2 . (
= + 1n — cosfl2a8 + @) +
tl tg 2nkl r ."rl%)c p'L
2J2 1IRE.
___é._____g. cos (e +¢€) ()-l-)
™y welpll
where J2 I = I, and E3’ , #, € are dimensionless

quantities which are complex functions of the geometry
of the apparatus and the physical properties of the wire
and gas. The relationship between the varlables can be

expressed in fterms of the following or equivalent di-
mensionless groups?
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It 18 important to note that none of these dimen-
slonlesc ratlos ie a functlion of radiation, which only
enters in the coefficlent of the log term in equation U
Therefore the measurement of any one of these four
quantities, together with the knowledge of the reguired
physical properties and the dimensions of the apparatus,
should yleld the value of @ of the test gas without any
corrections for wire to wall radiation, provided the cell

18 operated sc thnat the previously stated assumptions are
valid.

—

III. Measurement of the Magnitudes and Phase Angles
of “he Temperature Waves

An electrical method may be derived for the measure-
ment of the above-mentioned dimensionless groups, E3,

Er, #, € , in the following menner. In the previous

derivation 1t was assumed that the resistance of the
platinum wire used in the cell was constant. If it is
now assumed that the wire resistunce is a linear func-
tion of temperature over the range of wire temperaturs
fluctuation, the reslistance of the wire can be expressed

as R = Ry (1 + sty), where R, 1s the extrapolated value of
R at t = 0°C. The voitage drcp across the wire becomes

E=(1+T, 8ine6)R = (1 + I, s1inw8)R (1 + sty) (9)

and combined with equation (#) yields

&
I

B & VRY-1 r
E = (4R, + J2 IRy sinwe)(l + sty + (12;{-;1)(1 Y)Re 1, _2.)

ry
- : Do
2 R R,I-E 211°RR_sE"
= r o 3 gin (CA Q + ﬁ) i vy 08 % sin €
2nr1%c'p'L EEpaseERD
T? a U 211 t
+ 2 SRRIES yinie 4 gy 4 2 Ry SE; s1n(2e @ +€) (10)
e Zete'L 8ot 'L
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Therefore, the voltage drop across the wire contalns a
d.c. component, a fundamental frequency component, and
second and third harmonics. Consequently

2 4 -
Ep = 221 ¢'P'La (1 4 1;) (11)
21I°R7 8
L Jamr, 2o 9'1'“/1 + 3 (12)
3 13R°

where E, 18 the amplitude of the second harmonie voltage
component E3 is the amplitude of the third harmonic

voltage component, and € and @ are the phase angles of
the second and third harmonic voltage components, re-

spectively, % 18 the average temperature of the wire
and R 15 the resistance of the wire at t.

Therefore, in principle, the measurement of the
amplitude of the sezond@ or third harmonic voltage com=-
ponents, or their corresponding phase angles, will give
values of thermal conductivity independent of wire-to-
wall radiation. It can be shown that the phase iag
plus the phase angle (# ore ) equals w radians.

Initially 1t was belleved permissible to use &
pure sinusoidal input with no superimposed direct
current. In this case 1 = O and the second harmonic
component of voltage 1s absent. For this reason only
the equations for E} and # given in AppendixC were
evaluated as functigns of the dimensionless groups
listed in equations (5)-(8). The values were computed
to ten significant places using the IBM Electronic Data
Proccassing Machine-Type 701. The significant portion
of the results 1a tabulated in Tables I and II and
plotted in Figures 1 through 7. (The tables and the
figures are found in the Appendix.) However, it may
prove preferable to emplcy the second harmonic due to
lesser bulid-up. in the required electrical circuits.
In thig case an entirely empirical caiibration could be

used.
Figure 5 shows that E3 1s most sensitive to changes
in o at values of (Br2)2 near 4 at the practical ratio

of r1/r, equal to 0,007. At values of (Br2)2 above
approximately 2 the lnitial assumptions are reasonably
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valid. It 1s expected that E} will be less sulted for
this purpose, although no calculgticns of E2 have been

made. The initial A.C. current will undoubtedly have a
third harmonic comnnnent which will of course have to

te flltered out of the A, C beforc it 1e applied to the
hot wire, Thiiz third harmonic will be ugeful, however, as
a standard from which to measure changes in @ between
calibration and test runs.

IV. Analysis of Calculated Data and Graphs

The dimensionless group E; and the phase lag & =
m - § were calculated at various values of Bro, rl/rg,

and c'p'/cp (where B = JﬁO/G and plotted as the
logarithm of either ‘1Ej)max - E3] or (Bpax = 8)

versus Brp at constant values of ry/rp and c'p'/ce.

In sddition advantage was taken of the fact that both
E3 and 4, as well as their slopes, are zerc at Brg

equal to zero. The curves in the range in which 8rq
is less than 0,01 1s dotted in order to indicate thelr

approximate shape, since no values of the required
Bessel Functions were available in this region. In any
event 1t would not be desirable to use such low values,
because 1t would mesn an extremely small wire radius
and/or a very low frequency, and consequently & large
wire temperature fluctuation would result.

The following conclueions have besn reached by
consideration of the data and accompanying graphs:?

1. As Br, increases, Eg approaches 1/2 as a

1imit and A approaches the value of w/2 radians (90°),
Thir 18 also the case as cip!/cp approaches o .

2. For elevated tcmperatures and normal or low
pressures (high values of c'p'/cp), E3 varies sufficlently

with fr, to be suitable for measuring k. In particular,
thies response may be used for gases at high pressures
and modarate temperastures.

3, It is expected for elevated temperatures that
the phase 155 will be sufficiently sensitive in the

range of Br< bvetween 1.5 and 3, and rl/r2 equal to
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approximstely 0.007, to measure the thermal conductivity
within one or two per cent. This, however, would msan
that for most common gases the fundamental frequency
must be fairly small. It has been estimated that 60
cycle alternating current should be useful for alr

if interference from power lines is not objectionable.

V. Conditlions for Evaluating Optimum Ratio of Direct
Current to Superimposed Alternating Current

Prom the przctical viewpoint of experimentsl
design and operation, the most ccnvenlent method would
be the limiting case of a pure sinusoidal current
with no superimposed direct current. However, 1%t has
been calculated for this case that at optimum operat-
ing conditions the temperature fluctuation of the wire
1s about 30 to 80 per cent of the average temperature
difference between the wire and the outer Jacket.

This would mean that the assumption that instantaneous
radlation in any run was constant and proportional to
the average power input to the wire was not valid andthe
previounsly mentloned dimencionless groups would have
to be ccrrected for radiation erfrects.

In order to decrease the temperature fluctua-
tion of the wire to a small fraction of the average
temperature difference between the wire and outer wall,
direct current is superimpceed on the alternating
current. The restrictions on the ratio of direct
current to alternating current are as follows:

J. The third harmonic component of voltage
must be an accurately measureable quantity. Thus there
is a minimum aiternating current input.

2. Because it 15 assumed that all physical
procperties are constant, the temperature difference
between the wire and outer Jacket must be as small as
possible. Therefore, the total power input to the
wire must be kept small by limiting the amount ci
direct current tc the wire after the A.C. is set at
its operable minimum.

It will not be possible to satisfy the condi-
tions of a small temperature difference and a high
ratio of direct current to alternating current simul-
taneously if a minimum value of alternating current

R TR FUTY S, R UL s



is maintained. Therefore it is necessary to determine
the ratio which gives the most reasonable approach te
8atisfying these restrictionas. It 1s expected that this
optimum ratio of direct current to the effective alter-
nating current will be approximately five with a
maximum average temperature different of about 40°C and
a minimum effectgve voltage of the third harmonic in
the range of 10™° to 10D volts.

VI. Evaluation of the Radiation Assumption

Due to the importance of the assumption that radia-
ticn 1s constant in any run and proportional to th;
average power input in ootaining the result that E3,

Eé, #,and € are independent of wire-to-wall radiation,

it is desirables to check whether this assumption is valid.
A more rigocrousg golution of this boundary value problem
wonld be obtained by recognizing that radiation is
temperature dependent according to the Stefan-Boltzman
law; thus

4p = o FpFg(mry L) (1) r, ) =

2

o F,yF.T,° — (_.}_ 1 _

aFete” |1+ {7 |t (5 )| (Brmal) (5y-t,) (13)
2 \‘2

It can be further shown that if the temperature

fluctuation of the wire is 2% of the average tempera-
ture difference between the wire and Jacket, the

+ h
assumption that . I Y El + [y gr Ty 3] 18 a
A'E"2 T " =
L \l2 f2l \l2

constant and equal to a heat tranafer coefficient, h,
will result in a maximum error in the vsalue of g, of

about 0.15%. The heat balance on the wire as pre-
viously stated

2% > 2
S -8 S5 = (1 +I;e1nwe) R - yQ! (2)

can be modlfied for this more rigorous treatment to the
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2t + ty=t
. (1 + I sinoJQ)ER_yq' ,1 2 (14)
t1-%,

where(qr):ng' = hN(%) - t,) and q, = hN(ty - ).
a

If equation 1! is correct, then the maximum
error in the left-hand side of the original heat talance,
equation 2, will be less than 0.05%, providing that the
wirs temperature fluctuation is about 2% and that the
frsction cf the total power input transferred by
radiation (¥) 1s less than 1/5. However, because this
error is absorbed by every term involving r and 8, then
it 1s expected that the error associated with either
the phase lag, 4, or the amplitude of third harmoniec,
E3’ is negligible.

In any event, if it does become necessary to make
some correction for radliaticn, and since h and the true
average r'; may not be accurately determinable, an
empirical cerrection for the given apparatus would
probably be mecre satisfactory than a threoretical one.
From the mathematical analysis, 1t can be shown that
the radlation correction will be a function of
hri/k in addition to the previously mentioned dimen-

sionless groups. Substituting in the definition of the
heat transfer coefficient in terms of the variasbles com-
bined in the Stefan-Boltzman relationship which are
equivalent to i1t, yiclds the followlng relationship

for the radiation correction:

-

ry 1nt T, FPop i »a T 3‘\
1 C € = P / (i c 1 BS A‘“l 2
Radiation Correction t?rg)(ra)(—g%—)(ig)( - {1(15)

VII. Heat Capaclity of the Gas

Throughout the derivstion the heat capacity of the
gos waa nged; without indlcsting whether it was the
heat capacity at constant pressure (cp) or at constant

volume (¢,), It has not been definitely determined

which term is the correct one to use. Thus 1t 1is
planned to ascertain this by using blank runs at low
temperature with gases of known thermal conductivity.
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However, 1f the temperature fluctuation is con-
sldered tc move in the gas radlally in the form of
temperature waves, then flow waves wlll be corres-
pondingly moving through the ges in the same menner.
Since these fluctustions are occuring at about 60
times per second, the flow waves must be very close
together, and the process may be considered to be
occurring at constant precsure. Therefore 1t is
expected that Cp will be the proper value %o nge.

VIII. Conclusions

l. It is shown that 1t 1s theoretically possible
to obtain the thermal conductivity of gases at high
temperature from electrical responses which are suf-
ficlently sensitive to thermzl conductivify but are
insensitive to wlre-to-wall radiation. A hot wire
cell would be employed in whicl. the wire 1s heated by
& sinusoidal alternating current superimposed upon a
direct current.

2. The phase lag of the third harmonic of
voltage produced across the wire with respect to some
standard, such as the third harmeonie present in the un-
filtered generator output, appears to be a sensltlive
indicator of thermal diffusivity for gases at high
temperature.

3. It also seems feasible to use the amplitude
of the third harmonic to messurc the thermal 4diffu-
sivity of gases.

4., It seems possible to use the amplitude of the
third harmonic to measure the thermal diffusivity of
liquids. However, calculations at the low volumetric
heat capacity ratlos (c'p®/cp) that would be obtained
with liquids have not yet been carrled out.
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APPENDIX B

Selution of the Differential Equation

The differentlal equation and the boundary condi-
tione may be written as follows:

2

2% 1 ot

-~ + 1 = 1 &t

. F WO R where 1< r <& r, (1A)

t

(1+1, 81n00)°R - vQ' = Mg - & s =r  (28)
2t _ -Q¥(1 - "

& -T_( y) = at r =r, whers: (34)

2
M

mr‘lzc 'D'L

N = 2nrlL and
I 2)
' - 1 " o
et = =7 f(i + I, sin 2@9)Ra(us)~=(12+"2",n

The solution of this boundary value problem is ob—
tained by assuming a eclution in the form

t =1+ g cos 208 +h sin 20 + @ 2inwé + L coswd®  (U4A)

where f, g, h, 1, m are unknown functions of r and
independent of 6.

Combining equations 14 through LA yields the following

s

gset of equations

T 1 pe
"+ =0 (5A) L +3A == (8a)
" 2 2
g + % g! = hp (64) m" + %,- n! = -f g.. (94)
R (7a) p2 - E2 (104)

—————a e



Definirg the following sets of functions
P=2z-Jh (114) a=4-4m (124)
where J = (-1)1/2

resuits in the rewriting of the differential equaticn
and 1ts accompanying bocundary conditions as follows:

) _.:L_ T o

£+ 1 0 (5A)

. i 2

o+ = p' = J8°p ri & rdr, (134)

"+ L qa:..J%_q)i (114)

kNp'-23joMp = __2_102& (154)

e at r = rq

JkNg' +@Mq = -21I R (164)

p!' =20 (174)
at r = ro

q' = 0 (184)

Therefore the partial Gifferential eguation(1A)
is now exrressed in terma of three ordinary differenti
equations (S5A), (13A), and (1k4), which are essily
solved; yi ldingz

= l(l_ )
L& -'z%mz T 1nr s oS {154)
p = MJ(BJ /8 r) + EK, (3.11/2 (204)
ra 3/2\ 1/2\
q = CJoké’-' Ior (214)

Co» A, B, C, and D are constants of integration Aepen-
dent upon boundary conditions, 2A, 3A, and 15A through
18A. The constants A, B, C, and D are composed of real
and Aimaginary parts, Just as the functions p and q,by
definition;are complex variables. Thus, %o separate
thesg functions into their real and imaginary partes, the

s S re————— an—
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Bessel Functions may be separated in the following

manner (7’ 10, 11 :

; I4
J0(2.13/2) = ber z + J bel 2! Eo(zjl/a)z ker z + ) kel z

/

Jb(z33/2) ber,, = + ] bel, z; J_mkv(zjl

2
)=ke§yz+J kel z
Accordingly the functions p and q can be separated into
thelr real and imaginary parts, as indicated in the
original definition of these functions (Equations 1llA
and 12A) and may be resubstituted into the original
trisl function, Equation 4ai.

Finally by assuming that the temperature fluctua-
tions are damped out at r = rs and therefore that %o 1s

constant, C, will equal tp. All the neceseary

arbltrary constants are thus specified, and the boundary
vaiue probles 13 solved. An =4ditionel modification ie
to combine aimilar ¥rignometric functions into one func-
tion by the use of a phase angle.

T — L S o A almragy < g
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where

ot
4]

tan€ =

w

I
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APPuNDIX C

Final Resuit cf the Boundary Value Problem

"
(12+ 1%)(R(1-y) = T2  I°RE
+ 5L Inr, + ————- cos(2ue+ @)
‘nrll.clplL

]
2 y2 1IRE,
ﬂrlec ! o] L

aos (W +€)

I,
= effective current = .‘J:é;—

+

2
(Ajber Bry + A, bei Br; - Az ker Pry - Ay kel Bry) +

2
(A bei Bry — A, ber Bri - Az kei Bry + Ay ker frq)

Br Br Br
rB ber —-1‘ + B2 bel i B3 ker el Bu_ kel
| 3 2
= Bri Br r
2 Ll 1. g, kel PT1l + B, x
54 bei 52 ber — L Eer
-J'? 32 3 -Jg

Aybeifrq - Asberpry - _A}keiarl + Ajkerfr,

Ajberfr, + A,,bej,.Br1 -~ A-XkerB

3 1T Ry 1
b 1B B b Pry B. Pra 3 Pry
Bl eﬂ-— er?!-- kei "'2' +r::,fke--§-
BlberE + Beoei erT - ker r—- + Bykei ‘T"

S | vz
Xel,Br. %1-» g?‘,;. 7 “1 8 \ - ker,Pr, [3 u "T"f BTy

im & . m

su]=

PURE- U Y ¥ I-1 v of2ce 2 a2 2
> s - PadiY [ cﬂ - c .

-

& keil_srz = B kerlﬁ_z-e

LIy
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o a kerlarg + b ke115r2 A - a beilsrg - b berlﬂrg
5 =
T : ™
Au - a ber,Br, T b beilgfg
T,;
Bro 2 Bl‘n ~]
Bra cp . S
2,8.2) 4 e —SP(8_8.45. ‘200 NP (52,52
(85%48,%) + B, S¥pr (855 srss) *\’8!.10.9.' 85 +847)
Bre Bre
¢ kelyj 7z~ - 4 ker, il
I\
Br Br, bot Bro Brp
¢ ker + d kel ¢ be - d ber
B, = 147 178 By = 1V8 °r1 J7
A, N
3 Bro e Bro
B=Cer1$!-+a eil'ré:'
i
j\u
fkgilﬁrgzefz:i /+ker,8r_(bel. Br -ber;fr;)
s =} "'x ‘ “I’ el s =
1 1= 2 +
, > +ber, Ar kerpr. k°115r2(b&115r1+zer131‘1)
: ' + . . =ker- O1
; ( ~belsBr okt fAr ber,pry(ker)pry-ker 8z, )
E \_ -bei,pr,(ker;Br,+kerpry)
¢
’ S o ’-kerlargbeiﬂrl . -kerlﬁrz(beilapl+berlﬁr1)
3 ~kel.Br_berfr, 4 *+kel,prp(bei,pr, ~ber)pr,)

+b':‘!'lnwa iarl

+ber)pr,(ker)pri4kel;pr, )
+bel Brokerpro

+beilﬂr2(kerl§r1-keilﬁrl)




33’2 Bl‘i

kerlT_ bel -T—E-

S = --keilg_g_ ber f:.]:.
> 3 V2
ﬁl‘q ﬁrl

T R
(S
L

+be1, P72 op ENL
V2 2

8

g =

g

Bry Brl
-Xor- el
/ e _\r.( el 1{_
= Brl
6 "'kﬁil—“-(beiwr—— -
-3
+b 2( Bry
er erl
‘J—
f’ 2 Br
+b . 1 .
eil-ﬁ(ﬁerl ﬁ
/k ( 81‘1
[ IV ~F Pl TE
—kailif__z_.(bel _’% +
Bro Br
.-berj—\'}-;é'(kerl \)_;;
Bro Br
+bel, _Z(ker __,,J,: +
l\,—
2 .:9
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APPENDIX D

Summary of Principle Methods of Measurirg Thermal

Conductivity of Fluids

The following principles have been used for the
measarement of thermal conductivity ¢f fluids:

A. 8%teady State Methods

1. An electrically heated wire in a much larger
%oolg? concentric cylinder filied with the gas or liquid
2’ Y

2. An electrically heated cylinder in a slightiy
larger concentric cylinder filled with the gae or
liquid (5).

2. A disk of the ligquid b=tween one fluid-cooled
plate and one fluid-heated (3) or electrically heated (1)
plate.

4. Two concentric cylinders, one heated and one
coocled, of which at least one 1s non~radiant and non-
absorbent (I).

B. Unsteady State Methods

1. A constant electrical current 1s passsd through
a thin vire in a cylinder of the liquid initially at
uniform temperature. The change cf tempersture with time
of a point close to the wire is measured (12).

. A tnube containing the gas 1s electrically heated
y & sudden flow of electricity. The prescure of the
as is recorded as a function of time (6).

3. A tube 1¢ heated by an alternating current of
very low frequency, and the time 1is measured for the
temperature wave to reach the center of the viacous
liquid within the tube (13).

The steady state methods are mathematically very much
simpler than the unsteady state ones. Methods A-1l and
A-2 are the most popular methods. They are suitable for
gases because the heat losses in parallel to the main
conduction through the ges are concentrated at the ends,



can be minimized by using long cylinders, and can be
corrected for by blank runs. Usually they are not con-
sidered sultavle for high temperatures because of the
radiation correcticn, which is expected tec be high as
well as to vary with time due %o change in surfazce con-
dition. Recently, however, a silver cell has been
employed with a constant radiation correction of cnly 6%
at 775°C (9j. Method A-3% i1s not sultable for gases be-
cauge of ihe relatively greater magnitude of the losses.

Methcd A-U constituted an initis) effort to develop
a technigue for high temperature gasecous thermal con-
ductivity determination which is free of the wall-to-wall
radiaticn correction. As in method A-2, two concentric
cylinders are =2mployed with the test gas between. How-
ever the inner cylinder is constructed of a non-absorbent
8011d, and cooled (or heated) by a high velocity stream
of non-abscrbent gas. Thus no net flow of heat by wall-to-
wall radiation exists. In actual practice a thin fused
quartz inner tube was employed and an effective
absorptivity of 14¥ was obtained instead of a value near
zero obtainable with the more fragile KCl, NzaCl, or
Gan tubes. Average gas temperatures up to avout 500°C
were reached. At higher temperatures the effective
abrorptivity would have been even lower. Eund 8lffects
were determined empirically by calibrationr runs with air
at low temperstures.

The unsteady methods are in general all quite rg-
cent, having been publighed subsequent to the initiation
of the present stndy. Method B-l1l is not sultable for
gaas=zgs because the thermocouple would influence the gas
temperature due to its high heat capacity. Method B-2
was shown (6) not to be relilable because of its de-~
Pendence cn an unknown average of Cp and Cy. Method

B--3 18 only sul!table for highly viscous liquids, having
been specifically developed for molten glass. Further-
more, the values obtained are uncorrected for rasdistion
effects,

Method A-4 seems to be the most suitable for the
messurement of the thermal conductivity of gases at yet
higher temperatures of all the possible methcds that
have been employed previously. The purpose of the present
study is to investigate another possibie method which
will measure thermal conductivity without interference
by wali-to-well radlation. It 1s planned to push forward
the application of whichever method seems more sultable.
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Voltage drop across wirs
Tuird harmonic ccmponent of veltage

Second harmonic component of voltage

Heat radiated per un't surface area of wire
Geometric Radiation Fesctor

Non-black factor of surfaces

Maximum value of alternating current

Effective value of alternating current

Length of wire 2

Heat capacity of the wire wr;“c'pl'L

Surface area of wire

Average power input to wire

Resizstance, electrical, of wire -
Registance of wire at its average temperature, t,

Reglstance of wire extrapolated linearly tc 0°C =
R/ (1 + st)

Absolute temperature of wire
Absolute temperate of wall

Heat capscity cf gas
Heat capaclty of wire
Heat capacity at constant pressure

Heat capacity at cconstant volume

Heat transfer coefficient for radiation
Direct current Ain wire
! -

Thermal conductivity cof gas
Heat conducted through gas
=

Heat radiated from wire to wall

Redial distance from center of wire
Radius of wire

Radius of outer Jacket

Change in resistance with temperature/R,
Temperaturs

Temperature of wire at any time
Temperature of outer Jacket



tl Aversge wire tempersture

a Thnermal d4iffusivity of the fluid

8 20

' o«

b4 Fraction of power input diszipated by radiation

a Phaee lag of third harmonic in wire voltage
Behind the fundamentszl or the current

€ Phave angle for the fundamental of the %empera-

, ture fluctuation with respect to the current

|4 Thase angle for second harmonic of temperature
fluctuation

R Time

£ Lenstty of the fluid

p! Density of wire

o f£tefan-Boltzman Constant

w Angular veleclty = 2me(frequency)

I" ' 1 -
E" . E} J. 1 ¢C'P LG (-]; - )
3 I}ﬁe \S /
" Eaﬂ?l?c'p'l.w (l n %:>
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