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Use of the Unsteady State Method for the 

Determination of the Thermal Conductivity of Gases 

by 

Alexander Lo Lindsay and LeRoy Ao Bromley 

Abstract 

An unsteady state method is described in which a charge of elec-

tricity is passed through a stainless steel,tube containing a gas to 

abruptly raise the temperature a fraction of a degreeo The change in 
. ' 

the pressure (or volume) due to temperature change of the gas is 

followed with timeo From the resulting data~ it is possible to calcu~ 

late the thermal diffusivity and thence_ the thermal conductivity of the 
. . . . 

gaso This method has been applied to numerous gas mixtures and the 

results obtained are in substantial agreement with published measured 

valueso The results agree well with the equation of Lindsay and 

Bromle~lO for gas mixtures: 

/ 
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Introduction 

The methods that have been used· to determine the thermal conducti-. . . 

vity of a gas are based on the conduction of heat through the gas 

between t'wo surfaces at different temperatureso These methods are the 

hot wire and hot plate met,hods: 

The hot ·wixoe method makes use of an electrically heated wire in 

t.he center of a tube containing the gaso Measurements are mad~ of the 

current pass]..ng through the wi.:re and the potential fall along the wireo 

The product" and ratio of these two quantities give the rate of supply 

of energy to the wire and the ele~trical resistance of the wire~ 

respeetbrelyo From the resistance.9 the temperature of the wire can be 

calculated if the resistance=temperature relation for the wire has been 

previously determined~ The use of the same electric current to heat 

the wire and to provide a means of measuring both the power dissipated 

and the temperature' of the surface from which it is dissipated is the 

basis of the hot wire methode A variatior! of t.his: method is the use 

of' a Wheatstone bridge to compare a hot wire in a tube of unknown gas 

with a hot wire in a tube of gas for which the thermal conductivity is 

know~ Modifications have been made in the method to eliminate' end 

effects and reduce convectiono 

In the hot plate method 9 the two surfaces between which the heat 

is transferred through th~ ga.s are horizontal plates~ the hotter plate 

being uppermost to reduce convectiono 

Since the hot. wire and hot plate methods use two surfaces at 

different temperatures 9 radiation and convection must.also be taken 
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into accounto Daynes4 states that with a hot wire temperature of 

200~C. o~ less 9 .the loss by radiation is seldom above 1% of the total 

loss o This radiation effect would 9 of course 9 increase greatly if 

measurements were to be made at high temperatureso Convection heat 

loss increases with increasing pressure whereas the thermal·conducti= 

vity of gas is approximately independent of pressuree Therefore~ in 

the determination of thermal condurctivity 9 variation of pressure is 

used to correct for convection 9 assuming that when the heat loss becomes 

independent of pressure 9 the convectional loss has been entirely 

eliminated~ However 9 if the pressure is lowered too much 9 a temperature 

discontinuity develops at the surface and this may lead to errore 

Weber14 has shown that convection is less important when the wire is 

vertical~ 

In order to attempt to eliminate these corrections that must be 

made with the hot wire method 9 an unsteady state method was devised to 

measure the thermal conductivity of a gaso If the surface of a cylinder 

of gas is instant~ raised ·above the temperature of the gas and held 

at that temperature~ the rate of approach of the average gas temperature 

to the surface temperature is related to the thermal conductivity of 

the gaso The gas is enclosed in a vertical hollow stainless steel 

cylinder and the instantaneous temperature rise is accomplished by 

sending a charge of current through the cylindero This method does 

not use the two surfaces at different temperatures used in the previous 

methodso Surface to surface radiation is therefore eliminated and there 

is only the possibility of radiation to the gas. Gas radiation is 

negligible for many of the common gases at room temperature. Since 
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the measurement takes a short period of time and since the cylinder is 

vertical it was hoped that convection would be negligibleo This method 

may ultimately be useful to determine the thermal conductivity of gases 

at high temperatures where the corrections with.the hot wire method 

become largeo 

i\ 



'>' 

UCRL-1128 

Derivation of Equatiqns 

Consider an infinite cylinder of gas 9 the coordinates of any 

point in it are rg ip 9 Ze We shall assume that~ 

1. The surface of this c,ylinder of gas is held at a constant 

temperature t u ~ 

2. The temperature at any point in the cylinder is dependent 

only on the radius 9 r 9 of th~i point and th~ time~ 9 9 i.e. independent 
. -- . ' 

of the height~ z ~ and the cbo:rcti~ate q>: . 
. -

3. There are no sourc'es of ·heat ,in the cylinder. 

4. There is rio convection_ in the gas. Errors arising from this 

assumption will be corrected for latere 

5. The thermal:conductivity, __ k 9 of the gas is constant. For an 

(See page 6A for 

diagram) 

annular ring of the cylinder of thickness 

dr and of unit length 9 the heat balance 

isg Heat stored ~ Heat gained by conduc-

tion ~ Heat gained by radiation. The 

heat t d •t t• . d(f~t) s ore· per un1 1me 1s dG 

or assuming constant f and cp 9 

dt 7( n f Cp a g 2 I rdr o 

The heat gained by conduction isg 

Heat in at radius 

minus heat out at 

which is equal to~ 

The heat gained by radiation is given by the expression 

a-e.(2n'R} 4Tu.3 (t 0 - t) 2ll'rdr,. 
If a2 

16 o- e i1 T u .3 ( t u ~ t) rdr 
R 

2'if dr 
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.. ' . . .· .. 

where cre(2 li'R) 4T 63 (tn ~ t} is the heat that would be given to the 

whole'cylinder by radiation if it were all at a temperature t and 
I . 

('! ·'· ,, 

2 ~ r~r is the ratio of the volume of the differential ring to the 
HR · 

volume of the complete cylinder. T0 is theoretically the averag~- of 

the surface temperature and the gas temperature~ but _when the tempera= 

ture difference is small~ as it is in this case 9 the surface temperature 

can be used in place of the averageo In calculating the emissivity of 

the gas~ the effect of one gas upon another in the mixture must be 

taken into consideration •. 

The heat balance,on the annular ring is theng Heat stored."" Heat 

.gained by conduction + Heat gained by radiation org 

Dividing by rep 2 Tr rdr gives 

-~t ,.. ~.k. [a 2t + 1 Jt] + 8~eTa3 
(ta = t). 

d@ fcp P r Jr fcp R 
(2) 

Let rp ,.. ( t a = t) , th~n d~-"' = ~ and 'lj "' = ~ ~ 
. . . ~ t;l' 9 oh:~2 c:ht:: 

Then~ 

(3) 

The equation becomes~ 

(4) 

This differential equation is as yet unsolved~ 
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If the effect of radiation can be neglected 9 as it can be with 

. 11 
gases such as H29 N29 He 9 and A9 the equation becomes~ 

A particular solut.ion of this equation is;: 

(6) 

Boundary conditions~ 

lo At the surface r "' R9 tu is uniform over surface and 

(tu = t) ~, 2 0 
2 -

~ ""0 "" Ce=a aG J
9

(aR)o 

Since e=a
2

aG cannot equal zero 9 J
0

(aR) "' Oo 

2~ The initial temperature 9 t 09 of t,he cylinder is uniform·o 

The general solut,ion of the equation is g 

(7) 

Using the above two boundary conditions 9 the solution becomes2 ~ ·' 

(8) 

To express the temperature as a furict:ion of the ratio of radii 9 !~ let 
R 

anR ""')In~ The equation then becomes g 

(9) 

The heat gain per unit length of a cylinder in which the initial 

.... 
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temperature is uniform as given by Fourier 1s.1aw of conduction J..sg 
. Q 

Q' ·sO· -~r21TR· k(~)R _dQ.· 

0 

(10) 

Taking the partia1derivative of equation (8) with respect to ,r 

and then substitutingr"" R givesg 

Combining equations (10) and (11) gives: 

- 2 ~ a0 Let H0 :o)IR f cp 't' 0 and X "" ~ • Then 

. n.,.<>D . 2 n .. oa n:aOD 
Q "') 4 1- . =11 n x] . -===:;-- 4 . =JJ 2x ""!" . ,,· 
iT" .. L ~ L1 = e "' = L ~ e n + L- ~0 

o n .. l Vn . n,.1 Vn . n:sl 'Vn 

· ' n""oo · · 
And since .· L ~ 3!1 1, 

·n,.,~ Vn · 

Let H s< //R2 f ~p ¢ave "' lfR2 f cp ( t 1 
-. taveL 

Then H "' H0 = Q and -~ "" 1 - ~ o 

(12) 

(13) 

(14) 

(15) 
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(16) 

Now 9 if the following quantities are known for a cylinder of 

lo the uniform temperature 9 t 09 at time Q ~ 0 9 

2o the constant temperature of its boundary 9 tu~ 

3o the average temperature of the gas 9 tave as a function of 

time 9 the thermal conductivity of the gas may be calculated from 

equation (16) with the aid of a graph of Yave vso Xo Tabular values 

of Yave vs o X calculated from tabular values of l)ln ]\., are given in 

Table. Iu 

Since Yave is given by a ratio of temperatures 9 a 'quantity proper= 

tional to the av~rage temperature of the gas would serve as wello Thus 

if the relative pressure of the gas in the cylinder is kn:own as a 

function of time 9 Yave can be ob~ainedo This is the method by which

Yave is obtained in this worko 

In this derivation 9 the heat capacity at constant pressure )J ep~ 

was used as the heat capacity of the gaso However~ in this experiment~ 

the gas is heated in a tube that has a flexible rubber diaphram 

mounted on one end so that neither the pressure nor the volume of the 

gas is constanto Therefore there is a questt6n as to whether cp or 

cv or some intermediate value should be used for the heat capacity of 
' ' 

the gaso As will be shown later an intermediate value will be deter-

mined from the experimental datao 

The results obtained on gas mixtures will be compared to the 

following equations developed by the authors1P for the thermal 

.. 
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(;, 
Table I. Coordinates of Curve for ,Yave vs. X 

.• X yave X yave 

0~005 0.843 • 0~14 o'.3096 

OaOl o:784 0.15 0.2919 

.... 0.02 . 0 •. 698 0~16 Oo2752 

0.03 . '0.640 0.17 
·.· 

p.259~ 

' 

0.,04 0.588 0.18 0.2448 
; 

0.05 0.548 o.2o 0.,2179 

o.o6 0.5105 0 • .30 0.1221 

0.07 0;.4772 0.40 Oo0684 

Oo08 0 .. 4471 0.60 '0.0215 

Oo09 0.4195 0.80 0.00675 
:1. . ' 

0.10 0~3942 1.06 0.00212 

Ooll 0 • .3707 

0.12 0~3489 . 

0.13 0.3286 



conductivity of gas·mixtures: 

01" 
~.n· 

l<;n ... L 

here when Aij "' A12 

A ,. 1.··e· + ~1(~:).3/4(H ~~.· 
12 4 . P2 Ml . s2 

.·· . 1 <} T' 

.. -· ·~ ., .. , .. 
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·(17) 

(18) 

(19) 

The subscripts are merely interchanged for other A valueso The 

viscosity ratio Pl was evaluated from the Eucken3 equE~otion rather than 
f2 

from viscosity.data: 

·(20) 

This was done to test the accuracy of the equation if viscosity data 

were not availableo 

The Sutherlanctl2 constants for all the pure gases except hydrogen, 

deuterium and helium~ which have Sutherland constants of 79°K • 142°R, 

were taken as 

(21) 

·~ 
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where Tb is the normal boiling point. Thismay not be too good an 

assumption 9 but since an error of 20% in a Sutherland constant affects 

the calculated conductivity only about l%9 the simplification seems . 

justifiedo 

The Sutherland constant s12 .ror the c~llision of unlike molecules 

was taken as the geometric mean of' the co.nstants for the two pure gases 

except in the case where one of the molecules has a strong dipole. For 

mixtures containing steam or ammonia 9 the procedure justified by Gruss 

and Schrni~ was followed and the geometric mean multiplied by .733. 

Thus 

(22) 

ex9ept when one constituent is strongly polar then 

(23) 
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Description of Apparatus 

~ .. 

The thermal conductivity of a gas is measured by means of an 

_.apparatus which consists of a device to mix and measure the composi= 

tion of the gas 9 a tube which holds the gas during measurement 9 an 

apparatus that records the pressure change in the tube and an electri

cal apparatus that sends a charge of current through the tube: 

The device used to measure and mix the gases~ shown in Figure 2~ 

consists of two pieces:of 1 1/2 momo capillary' tubing.9 o~e 1 foot-long. 

and the other 2 feet long 9 each having a manometer attached in order 

to measure the pressure drop across the capillaryo Each of the two 

gases comes from a high pressure cylinder and. goes through a pressure 

regulating valve9 through a needle value to control the flow·and then 

through its capillary tubeo The two lines are brought tog~ther in a 

miXing'-chamber and then a single glass tube goes to the cylindero The 

fluid in the manometers is a red oil of specific gravity Oo827o The 

capillary tubes were calibrated for each gas that they were used with 

and plots were made for each capillary of height of oil vs~ volumetric 

rate of flow for each gaso The volume of gas was measured in a gas= 

holder made from glass tubes approximately 4 ino and 3 1/2 ino in 

diameter and .3 feet longo The fluid used in the gasholder was white 

oilo The absolute accuracy of the volume measured is open to slight 

question due to possible variations in the diameter of the glass tube, 

but since approximately the same_volume was measured on each calibra= 

tion 9 the ratio of the volumes of gases are known accuratelyo 

The cylinder shown in Figure 3 which holds the gas during measure= 

ment is a stainless steel tube 3 feet long with a .3 ina outside 
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FIG. 2 
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=18= UCRL=ll28 

diamet~H" .an,d a 1/16 in. walla A flange 5 ina in. diameter is silver 
'. ·,.__ ,,t:.-·~.,~·~~; ...... ~ >'<·:·~,._: '; ~ ... ~ .. J '.' .·:·····---~~- ':_:; ..... ·.-~~-:/ 'i.·--·>~:.- · ... -:·;_.! 't· .. ·· ~~~........ . 

soldered on each end. A circular platesof steel is used to close the 

bottom with a piece of l/8 in. teflon used as a gasket. The flange and 

plate a.re bolted to a copper bar which is soldered to the copper plate 

of. the table a At the top of the tubell a sheet of rubber OaOl in. thick 

is stretched across the opening and is held in place between two rings 

of' 1/8 in. teflono The teflon and rubber diaphrarn are held firmly in 

place by a steel ring which is bolted to the flange on the tube. The 

inlet and outlet valves 9 which are 1/8 in. Kerotest globe valves» are 

located 3/4 ino from the top and 1 1/4 i~. from the bottom of the tube: 

The tube is supported near the top by a bar of lucite that clamps . the 

tube firmly in place'~ 

The apparatus used to measure the pressure change in the tube con-

sists of a light source 9 two lenses 9 a mirror on the rubber diaphram and 

another mirror to reflect the beam of' light onto the screeno 

The light source is a 100 watt Concentrated~arc lamp from the 

Central Scientific Companyo This lamp furnishes an intense spot of white 

light produced by a zirconium arco In the 100 watt lamp~ the diameter 

of the light source is o059 in. The lamp is mounted in a box 7 x 7 x 11 

inches 9 one end of which is baffled so as to provide ventilation·. When 

the ls.m.p is being used 9 a stream o~ air is blown into the· box to increase 

the air circulation. On the other end of tpe box approximately 7 in. 

from the-arc lamp 9 a double convex lens 3 ino in diameter with a focal 

length of 17 l/2 cmo is mounted. The mounting is designed so that the 

distance between the light source and the lens can be changed. An· · 

aperature of 1/2 ina is used in back of the lenso The box is bolted to a 

piece of 3 in. channel iron which is in turn bolted to the concrete ceilingo 
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The second lens~ 3 ina in diameter with a focal length of 5 meters~ 

is mounted about 8 in. from the top of the tube containing the gas. The 

position of this lens can also be adjusted~ 

The mirror glued to the rubber diaphram is 1 in. in diameter and 

1/16 in. thick and has an aluminized surface~ The other mirror also 

has an aluminized surface and is 2 3/4 x 6 inches and 1/4 .in. thick. It 

is mounted on a piece of plywood which is fastened to the 3 in. chapne1 

iron 3 1/2 feet from the top of the tube~ 

The.beam of light comes from the arc lamp» goes through the two 
- -

. ~'· . 
lenses_ and is reflected off the two mirrors. The last mirror reflects 

it onto.a screen 1 foot square with lines drawn every centimeter. Next 

to the screen is mounted _a timer which is a 60 RPM synchronous motor with 

a pointer 3 _in. long ·attached to ito The movement of the spot of light 

on the screen as the pressure changes in the cylinder is recorded with 

a movie camerao The camera used is an Cine 1=Kodak Specialo 

The electrical apparatus by means of which a charge of current is 

sent through the tube is shown in Figures 4 and 5. The charge is accumu~ 

lated in forty 1 microfarad~ 25 KV Westinghouse Inerteen Gapacitorso The 

charging is started by the 111 HV on11 switch and is stopped by the "HV off"· 

switch when the desired voltage on the capacitors is attainedo 

The discharge is done manually rather than with the solenoid as 

shown in-the diagramo This change was made to eliminate the vibration 

caused py the solenoid~ The gapj which is enclosed in a box made from 

1 in. lucite 9 consists of two pieces of 1 1/2 in. copper bar 5 in. apart. 

The gap is closed by rotating another piece of copper bar in the gap so 

that contact is madeo The rotating bar is attached to a lucite rod 

25 in. long so that it can be controlled from outside the wire cage. The 
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connection from the gap assembly to the cylinder is made with a 

flexible cable in order to reduce transmitted vibration.' Go J o Gauer5 

has estimated the time of one discharge cycle by means of a Navy 

synchroscope to be 20 x 1o=6 seco The current drops to about 1% of the 

original value after five vibrations or 1 x 10=4 sec~ 

Aside from the main dischargell a system has been provided to send 

an adjustable amount of current through the cylinder~ This current is 

used to maintain the wall temperature of the tube after the main charge 

heats up the wallo 

The entire electrical apparatus~ with the exception of the control 

box 9 is enclosed in a wire cage structure and all the doors are connected 

w·ith interlock:so 
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Procedure 

i 

Essentially~ the procedure cdnsists of preparing the -gas mixture~ 

charging the condensers and then discharging through the tube while 

the pressure change of the gas ir/the' tube is being recorded~ 

The gas mixture is prepared by passing-gas of the desired composi~ 

tion through the tube until at least five tube volumes have passed 

througho The inlet and outlet connections to the tube are made and the 

needle valves regulating the flow from the cylinders are set so that the 

desired ratio of the gases is attainedo Manometer readings are taken 

while the gas is flowing in order to determine the exact composition of 

the gaso After at least five tube volumes have passed through~ the 
.. . . I 

needle valves and the inlet and outlet valves on the tube are closed 

and the tube connections are removedo These gas connections to the tube 

must be removed before the charge of current is sent through the tube: 

After the gas has been put in the tuoe~ the arc lamp and the venti= 

lating air are turned ono The wire cage doors are then closed and the 

main switch and bank short switch are turned ono The copper bar that 

closes the spark gap is set in the open position and the charging of 

the condensers is started by pressing the "HV on" button~ When the 

desired voltage on the condensers is attained~ the charging is stopped 

by pressing the •1HV off11 button~ 

The motion picture camera is started just before the condensers are 

discharged through the tubeo When the camera is operated at 32 frames 

per second with the shutter set on "openf11~ the shutter speed is l/68th 

seco The discharge is accomplished by turning the lucite bar so that 

the copper bar closes the gapo The AC heat is then turned ono Pictures 
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are taken of the spot of light on the screen until it reaches a constant 

valueo Sever.al experiments w~re performed9 to determine that the scale 

reading versus ,temperature was linear:e 
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Table IIo Purityof Gases 
t~ 

Purfu source· 
. '• .;; ~ 

He 99o6% Matheson 

A 99o8% Linde 

N2 99o99% Linde 

H2 99o9% UoCo Chemo Dept~ 

C92 99o5% Pure Carbonic~ Berkeley 

NH 
'- '.3 99o98% Dow Chemical 

; ; . 

' ' . ~~ :: . 

. ... ··-:.< 
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Calculations. 

The pressure variation of the gas in the tube with time is recorded 

on 16 mm. movie film9. The positions of the spot of light at the time 

of' discharge 9 at regular intervals throughout its travel~ and at final 

equilibrium are obtained from this film record. For each of these posi-

'· tions 9 the fractional approach to final eq~ilibrium is then calculated~ 

This value is l - Yave~ and from a plot ofYave vs. X~ a value of X is 

obtained •. The value of X for each observation is then divided by the 
I 

length of time from d:isch~rge to the obse'riation~ giving a' quantity 

" proportional to the thermal diffusivity of the gas. 

(24) 

The values of ! are then plotted against time and extrapolated to zero 
G 

time giving a value of ·~ corresponding to the time of discharge. This 

is done to eliminate the effect of convection that seems to be present: 

This single value of ~ thus obtained from each run is then multiplied 

by R2
9 giving a~ and then by the density and heat capacity to give k» 

the thermal conductivity of the gas: 

As was mentioned in a previous section~ there is some question as 

to what value should be used for the heat ·capacity of the gas. By com= 

paring the thermal diffusivity values obtained experim~ntally for the 

pure gases with those calculated from literature values of the thermal 

conductivity~ it was found that neither Cp nor Cv fit the data. For the 

gases with which radiation would not be involved (H2 9 He~ A and N2) the 

effective heat capacity was found to be in between Cv and Cpo On the 

other hand~ for the gases with which radiation might be a factor (NH; 
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and C02) the effective heat capacity was found to be less than Cvo The 

values of the heat capacities that were used with gas mixtures were found 

in this wayo The effective heat capacities of the pure gases were ob= 

tained from the experimental thermal diffusivities 9 the densities 9 and 

~ the literature values of the thermal conductivityo 

. k 
cff'"'=o 

e .«f 
The conatant ~ A, in the followmg equatiort was then found for each 

. pure gasa 

A( y =· 1) + 1 -~ 

(25) 

(26) 

This constant was used in order to put the different gases on a common 

basis= The AVs were not the same~for the pure gases·~ l~anging from ~54 

to ·:16 for He~ H29 A and N29 and from =o42 to =a66 for NH.3 a.l'ld co2·~ The 

values of A might be expected to be the same for the different gases if 

convection and radiation were not factors in the measurementso The 

extrapolation of~. to zero time evidently does not completely remove 

the effect of convection~ therefore A was plotted against 11 in an attempt 
)l 

to further remove the effect of convection. ~ is the only part of the 
p . 

Grashof,-number 9 a measure of the tendency for free convection 9 that 

.lj 3 2 J . changes between gases o The Grashof number is l( ~R) f 
2 

@giJ.t · where 

pis the coefficient of volumetric expansion and g is{he acceleration 

due to gravityo The quru~tities that change between gases are the density~ 

f 9 which is proportional to the molecular -v.reight 9 and the viscosity~ )l~ 

For this reason a plot of A vso ~ for the gases (Figure 6) was used to 
)1 

obtain A0s for t.he gas mixtureso A single line was used for mixtures 

not containing NH3 or C02 while lines connect.ing the pure component AV s 

were used for mixtures containing. NH3 or co2': 
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The thermal conductivity of each gas composition is then calculated 

from the experimental thermal diffusivity using the effective h.eat capa-

city obtained from the plot of A vs. ~ and the density. These results Jl . 
are given·in Table. III and are shown in Figures 7 ,through l2 in compari-

son to literature values and calculated values. 

The gas composition was determined from the readings of the manom-

eters as the gases entered the tube. The manomete~s were calibrated in 

terms of volume rate of flow and the ratio of the volumes gave the compo-

sitiori of the gas entering. The gas was allowed to pass through the 

tube a long enough time to insure that the gas remaining in the tube was 

of the desired composition • 

) 
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Table III. Experimental Resuits 

Mole-
Fraction Thermal 

Tempo of First X, Conductivity 
Gas Pair °Co Gas~ xl ~ 1<m . 

H2=N2 24o8 Pure N2 0.0205 0~0146 

24.8 Vi Oa0211 0.0150 

24.8 iU 0.0216 0.0154 

26.8 rv 0.0208 0.0148 

27o0 ii 0.0213 0.0151 

27.0 li 0.0219 0.0156 

22.8 0.176 0.0247 0.0180 

23.1 0.176 0.0248 0 0 0181 

22.8 0.320 0.0.394 Oa0290 

22.8 0.320 0.0397 0.0292 

24.6 0.590 0.0616 0.0457 

24~6 0.590 0.0732 0.0543 

24.8 . 0.590 0.0724 0.0537 

24.8 0~786 0.1111 0.0847 

24~8 0.786 0~109 0.0831 

24.8 0~786 0.1149 0.0877 

H2=C02 22e2 Pure co2 0.0133 0.00967 

22.5 1i 0.0138 0.01003 

2L8 0.189 0.0206 0.0153 

22.1 0.189 0.0219 0.0163 

22.3 0.405 0.0.365 0.0278 

22.8 0.405 0.0364 0.0277 
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Table IIL (conto) 

Mole ,. 
Fraction Thermal 

Tempo of First X Conductivity 
Gas Pair ceo Gas; xl g ~ 

H2=:C02 22c.8 Oo585 Oo0550 Oo0425 

22o8 Oo585 Oo0579 0~0447 

.. 2'Jo 7 Oo784 Oo079J Oo0616 

23~5 Oo784 0 0 0888 Oo0690 

23o5 Pure H2 Ool357 Oolo6l 

2.3·~ 7 ii' OolJ44 Ool051 

2.3 o8 n: OolJJ7 Ool046 

H A 2= 2) o2 -Pure It Oo02QJ Oo00909 

23o4 IV . Oo0225 Oo01008 

2.3:3 Vi Oo0207 Oo00927 . 

2.3:8 Ool97 OoOJ72 Oo0192 

2.3-~8 Ool97 OoOJ75 Oo019J 

21~8 OoJ82 Oo0496 Oo028J 

22~1 OoJ82 Oo052J Oo0298 

· 22ol Oo604 Oo0762 Oo0492 

22:3 0~604 Oo0787 Oo0508 

2265 Oo791 Oo098J Oo0701 
-

22o7 Oo791 Oo0912 Oo0650 
. .~ 

He= A 2lo3 Oo207 OoOJ41 0~0160 
._, 

21:9 Oo207 Oo034J · 0~0161 

21~4 . 0~397 Oo0474 Oo02,32 

2lo4 OoJ97 Oo05245 Oo0256 
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" 

c~ont.r Table III. 

i Mole 
- ·.i '!. -. Fraction Thermal 

Tempo ··of First X Conductivity 
Gas· Pair cc. Gas~ xl g -~ _, 

He=~ 2lo5 Oo588 Oo0591 Oe0299 
.. 

2le5 Oo588 o .. a6795 OoOJ44 

2lel Oo798 Ool048 Oo0552 

2loJ Oo798 00 1025 Oe0540 

2lo7 Pure He Oel606 o'o0873 

21 0 8 f11' Ool574 Oo0855 

22o0 111 Ool617 Oo0878 

N2=~ 27o0 Oo789 Oo0260 Oo0198 

27o·O Oo789 Oo0277 Oo0211 

27o4 Oo597 Oo020Q 0.0163 

27o4 Oo597 0.02.35 , Oo0191 

25oJ OoJ95 Oo02J9 Oo0207 

25oJ 0.395 0.0246 0.0213 

25.4 .Ool77 0.0228 Oo0199 

25~5 Ool77 Oo0243 00 0212 

25e 7. Pure NH.3 _ Oo0189 0 .. 0149 

26 .. 0 Ill; Oo0199 0 .. 0157 

H2-NH.3 26oJ Oo202 0.,0356 Oo0284 

26o4 Oa202 0.,0361 Oo0288 ..,.¥,, 

26o6 OoJ6Q Oo0465 OoOJ76 

26o7 Oo.360 0.,05.39 Oo04J5 

26o7 Oo578 0.07.34 Oo0594 
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Table III. (concl.) 

Mole 
.. Fraction Thermal · 

Temp. of First X Conductivity 
·Gas Pair ~c. Gas; xl g ~ 

·~ 

H2-NH.3 26'.? 0.578 o.C752 0.-0608 

26.4 0=578 Oo07.32 ~ 0.0592 

26.5 0.794 o:1102 0.0878 

26.5 0.794 0.1070 o:os52 

.• 
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Discussion 

Both c6nvebt,io~ arid r~diation were evidently encountered in the gas 

during the measurements o The in-crease of convection. in the gas wh~le it 

was being heated >vas probably responsible fot the increase in the value 

of ~ from the beg;inning to the end of niost runso AS an indication of 

whether or not free convectionmight be likely to occur.9 the Grashof 

numbers of' N2 and H2 were calculatedo ?a A graph in Jakob for plane 

vertical gas layers indicated that free convection might be expected in 

N2 but not in H2 o The results presented in Figures lJ and 14 show this 

to be true 'as with N2 the value of .. ~ 
X of G fluctuate randomlyo An attempt 

increases, but with H,2 the .values 

was made to correct f'or this con-

vection in the calculations by extrapolating the values of ~ to zero 

timeo In many of these plots it was·noticed that there was an oscilla= 

ting tendency in the valueso This tendency can be seen in Figures 13 and 

14~ The period was not regular neither within a mixture nor between 

~nixtures o As no definite trend could be found; a straight line extrapo= 

lation was used and an error may have been incurred from thiso 

As was explained in the calculations, an effective heat capacity 

was calculated f'or each pure gas when it became evident that neither cp 

nor cv w~s the correct one to useo For the gases He, H2 , A and N2 j th: 

effective heat capacities were between cp and Cv as might be.-·expected 9 

but -with NH3 and C02 the values were somewhat less than Cvo McAdams11 

states that of the six gases only NH3 -and·~o2'would be able to absorb 

radiation at room temperature and since the effect of radiation would be 

to lm"'er the effective heat capaci.ty 9 radiation must be assumed to be 

presento A rough calculation for C02 using the emissivity given in 

I 

... 
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McAdams11 indicates that the effect of radiation might be large'o As 

indicated in the calculations~ an attempt WBS&qmade:;,-tO correct for 

radiation by the use of the effective heat capacity terni.o 

Figures 7 to, 12 show that in most cases -the · experiment~l·values 

obtained are quite similar to those calculated from the equation and 
- . 

those optained from the literature: There are 9 however' sorile values that' 
. . 

do not agree with the calculated and literature valueso There'appears 

to be no ready explanation for this inconsistency'; 

There are several possible sources of error in obtaining the experi-

mental valueso In some cases the film record of the spot of light was 

not clear making it difficult to obtain accurate values~ however when 

it was clear an accurate reading could be madeo The method of correcting 

for the radiation in NH3 and C02 by combining it in an effective heat 

capacity is open to question but it seemed to be the best way of hand

ling it'o 

The rubber diaphram on the tube is so sensitive that any slight 

temp~rature change of the surrounding air changes the pressure in the 

tube enough so that it shows up. Therefore~ a suggestion that may be 

made to improve the apparatus would be to have the tube in an inclosure 

where the air is controlled at a constant temperature: 

Convection in a tube of smaller diameter would be less important 

since equilibrium would be reached in a shorter length of time 9 but, on 
• .. '1: 

the other hand~ the movement would be more diff1cult to measure as 

accuratelyo It might prove to be ah improvement to use the present tube 

for gases of higher conductivity such as H2 and a smaller diameter tube 
' ~ 

for gases of lower conductivity such as C02 
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As the apparatus is designed now9 the vibration from the SP,ark 
·.·; 

discharge and any other .major disturbance in·the ~r<>om or building is 
. ' ~. ,l 

transmitted to the tube and causes the diaphram to move. It may be 

possible to improve this by anchoring the tube more firmly o This may 

allow.measurements to be made during a shorter ~ength of time with a 

smaller diameter tube as the vibration caused by the spark discharge 

interferes for about l/2 second nowo 

·· . .-: 
! ' 

' ' .~ 

.. 
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Summary 

A new method is developed for the experimental determiqation of the 

thermal conductivity of gas mixtures that utilizes unsteady state heat 

transfe-r into the gas: 'i'~e>gas is enclosed in a cylindric{ll ~ube and the 

walls of the tub~ are heated with an instantaneous charge of current~ 

The variation of the gas pressure with time 9 which is proportional to the 

variation of the ai!Terage gas temperature with time is measured: From 

the results of this measurement, the thermal conductivity of the gas can 

be calculated~ The derivation of the equation used for this calculation 

assumed that the method of heat transfe.r was that of conduction only~ 

In the actual ca~es ~ however, convection and radiation are apparently 

present~ Correctio~s are made in the calculations in attempt-ito eliminate 
. ;;r ~~ ." 

the effects of convection and radiation; Six mixtures are measured by 

this method with fair agreement with previous experimental observations·. 

The results agree substantially with the equation developed by the 

10 authors e 



Symbol 

A 

c 

H 

H 
0 

Constant (Equation,26) 

Constant (Equation 6) 

Heat content of cylinder 
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Nomenclature 

Name 

Initial heat cont-ent-.of cylinder,. 

J
0

( ) Bessel Function of the first kind and ~ero order 

J1( ) Bessel ~~nction of the first kind and first order· 

M Molecular weight 
> 

Q Heat gain (Equation 10) 

R Outside rad:tus of cylinder of gas.· 

S Sutherland constant (Equation 21) 
-· 

T Absolute temperature 

X 

yave 

Combination of terms ~ nG 
R2 

t u = tave 
Ratio of temperature differences = =-=-==~= 

tU = t 
0 

a Constant ( Equation 6) 

Heat capacity at constant pressure 

Heat capacity at constant volume 

Effective heat capacity ( Equation 25) 

k Thermal conductivity 

Coordinate of ~linder 9 radius 

t Temperature of any point in cylinder 

Surface temperature of cylinder 

t Initial uniform temperature of gas in cylinder 
0 

tave Average temperature of gas in cylinder 

UCR~ll28 

... i 

Units 

·Dimensionless 

Dimensionless 

BTU 

BTU 

BTU 

fto 

Dimensionless 

Dimensionless 

Dimerts'ionless 

BTU 
lbo Cl>p 

0 

BTU 
lbo @Fo 

BTU
lbo °F: 

·BTU 



Symbol 

Nomenclature (conclo) 

Coqrdinate of cylinder 

Thermal diffusivity 

Constant (Equation 4) 

Name 

J .. 

y Ratio of specific heat at constant pressure to 

"Yn 
p 

that of constant volume 

Emissivity 

Time 

Viscosity 

Root of Bessel Function = anR 

Density 

u Dimensional constant in Stefan~Boltzman 

law "' 0.171 x 10~8 

p Temperature difference "' to = t 

Po -Temperature difference "'to to 

<Pave Temperature difference = tV 
= tave 

Subscripts 

1~ 2~ i~ ·· j ,.. components in mixture 

·~ i .: 

---·-~-· <1», 

UCRL--1128 

Units 

Degrees 

ft-~ 2/hr: 

1/hr: ~-

Dimensionless 

lbo mass/hr~ ft: 

ft~ 

lbo mass/rt:3 

BTU 

0 r.: 

Fo 
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