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The apparatus descr ibed uses  a heated wire (filament} to heat a molybdenum measurement  
cell  by passage of e lect r ic  cur rent .  The thermal  conductivity of helium is measured  in the 
range 400-1500~ with maximum experimental  e r r o r  of • 

Experimental  studies of the thermal  conductivity of monatomic gases and their mixtures  are  of great  
in teres t  for the purpose of fur ther  developing the mathematical  theory of inhomogeneous gases  of Chapman 
and Cowling [15, 16, 17]. 

Development of new technological p rocesses  also requi res  a knowledge of thermal  conductivity with 
sufficient accuracy  over wide tempera ture  intervals .  The thermal  conductivity of monatomic gases  above 
1000~ has been measured  infrequently, and there are  few experimental  studies thereon [18]. Moreover,  
the tempera ture  range 1000-2000~ is also of special  interest ,  because at higher t empera tures  thermal  
conductivity is usually determined by shock tube methods, whose methodology is  based on use of the values 
of thermal  conductivity within this range.  Accuracy  of data obtained by shock tube methods is low, of the 
o rder  of -vl 5-20%. To study thermal  conductivity within the interval  400-1500~K the present  study employed 
an apparatus using the heated wire (filament) method, with the special  feature that the measurement  cell  
constructed of molybdenum was heated by passage of an e lec t r ic  cur rent ,  

A schematic  d iagram of the apparatus is shown in Fig. 1, with the measurement  cell depicted in 
Fig.  2 .  

Tube 6 is p repared  f rom vacuum smelted molybdenum, type MChVP. Tube length is 300 mm, in- 
ternal  d iameter  5.7 mm, and Wall thickness 0.3 mm. To obtain a tempera ture  stabilized region in the 
center  of the tube about 150 mm long, end sc reens  with heaters  5 and coaxial cylindrical  screens  3 are  
used.  The tempera ture  drop over the working section of the tube in our experiments  did not exceed 0.5- 
1~ Heater  power was 500 W. The maximum power of I kW was supplied to the tube at a tempera ture  
of 2000~ 

Measurement  wire 1 was p repared  f rom MR-50 molybdenum alloy, 0.1 mm in diameter .  The r e s i s -  
tivity, coefficient of radiation, and rat io of res is tance  to iresistance at 293~ of the wire as functions of 
tempera ture  were determined in special  exper iments  using the apparatus of Vertogradskii  [1]. The e r r o r  
in determining the res is tance  ratio,  to a rel iabil i ty of 95%, was no more  than 0.3%. 

The wire and tube were cleaned and annealed using e lect rovacuum techniques [14]. The diameter  of 
the wire and external  diameter  of the tube were measured  with a UIM-21 microscope  to an accuracy  of 
:~0.001 ram. The length of the working sections of the wire was determined with a UZA-2 compara tor  to 
an accuracy  of ~-0.001 mm.  The internal  d iameter  of the tube was determined indirectly by filling it with 
water .  Tube diameter  was then calculated f rom liquid volume. Tungsten conductors (VR-20) of d iameter  
0.05 mm with aluminum oxide insulation were used for the three potential leads. Centering bushing 11 and 
col lar  8 were made of ce ramic  mater ia l .  
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Fig.  1. Schematic  d i ag ram of measu r ing  appara tus :  1 ) m e a s u r e -  
ment  cel l ;  2) cooled chass i s ;  3) observa t ion  openings; 4) openings 
for  tes t ing gas mix ture ;  5) end sc reens  with p ro tec ted  hea te r s ;  
6) cyl indr ica l  s c r eens ;  7) s c reen  suppor ts ;  8) cooled cover ;  9) 
fixed lower  cu r r en t  lead; 10) movable  upper  cu r r en t  lead; 11) 
bel lows;  12) spr ing;  13) chass i s  support ;  14) vacuum valves ;  
15) t rap;  16) diffusion vacuum pump; 17) VN-2NG vacuum pump; 
18) vacuumet r i c  lamp;  19) U-shaped  vacuum m e t e r ;  20) p y r o m e t e r ;  
21) gas cy l inders ;  22) p r e s s u r e  regula tor ;  23) vacuum m e t e r s ;  
24) cooling sys t em;  25) m e a s u r e m e n t  sy s t em.  

The m e a s u r e m e n t  wire  was a s s e m b l e d  with an I020.0002M welder  sys t em,  used  in ins t rumenta t ion  
and e lec t ron ics  indus t r ies .  A pla t inum foil 0.02 m m  in th ickness  was used  as a subs t ra te  in welding the 
t ungs t en - rhen ium  wi re s .  The wire  was axial ly  loaded by tungsten spr ings  12. These  spr ings  ensured  
constant  tension on the m e a s u r e m e n t  wire  over  the en t i re  t e m p e r a t u r e  range for  the duration of the e x p e r i -  
ment .  Eccen t r i c i ty  of the wire  and quality of the a s s e m b l y  were  checked a f t e r  mounting by x - r ay in g  in two 
pe rpend icu la r  p lanes  with an RUP-200 x - r a y  appara tus .  A second check of eccent r ic i ty  was made in a 
s im i l a r  manne r  a f t e r  p e r f o r m i n g  m e a s u r e m e n t s .  

The tube (exper imenta l  cell) was heated by pas sage  of a s tabi l ized ac cur ren t .  An ST 2000.4 e l ec -  
t ronic  r egu la to r  mainta ined the voltage at the input of an RNO-250-2A regula ted  a u t o t r a n s f o r m e r  constant  
to within =L0.2%. The voltage f rom the output of the RNO-250-2A was applied to the tube through a s t ep -  
down t r a n s f o r m e r .  A rheos t a t  was connected in the high voltage winding c i rcu i t  for  fine adjus tment  of the 
cu r r en t  through the tube. The m a x i m u m  cu r r en t  r eached  a value of ~200 A. The sy s t em provides  high 
quality high r e l i a b i l i t y e l e c t r i c a l  contacts .  

The p ro tec ted  end hea t e r s  were  fed independently f r o m  a source  of s tabi l ized ac voltage.  Accura te  
regulat ion of hea te r  cu r r en t  was done with rheos ta t s .  The hea t e r s  were  made of tungsten rhenium wire  
(VR-20) 0.3 m m  in d i am e t e r  with a luminum oxide insulation.  

The molybdenum tube was mounted in molybdenum holders ,  which were  connected to the cooled c u r -  
ren t  leads by in te rmedia te  molybdenum tubes.  The lower  cu r r en t  lead 9 (Fig. 1) was fixed, while the upper  
was adjustable ,  allowing for  compensa t ion  for  t he rma l  expansion of the molybdenum tube. The movable  
contact  is connected to the body by a bel lows,  tensioned by spr ings  12. The observa t ion  windows 3 p e r m i t  
observa t ion  during heat ing and m e a s u r e m e n t  of the tube t e m p e r a t u r e  by p y r o m e t e r  20. 

In the t e m p e r a t u r e  range where  there  is no radia t ion f r o m  the tube, cont ro l  of t e m p e r a t u r e  d i s t r ibu-  
tion over  the tube length is  done by three  p l a t i n u m - r h o d i u m  thermocouples  PR 30/6.  

The wire  is  fed d i rec t  cu r r en t  f rom a type BP-591-86  power  supply. The wire  cu r r en t  is  m e a s u r e d  
by  a m i l l i a m m e t e r ,  and control led by a r e s i s t a n c e  box and fine ad jus tment  rheos ta t  f r o m  the t~OP-66 
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Fig. 2. Measurement  cell: 1) wire;  
2) potential lead; 3) molybdenum 
screen;  4) observat ion opening; 5) 
protec ted  heater ;  6) molybdenum tube; 
7) end screen;  8) center ing collar ;  9) 
ring; 10) mounting sc rews;  11) bush-  
ing; 12) tungsten spring; 13) molyb-  
denum holders;  14) measurement  wire 
cur ren t  lead; 15) collar .  
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Fig.  3. The function AT 
= f(1/P) for  determination 
of cor rec t ion  for  t empera -  
ture  differential at var ious 
tempera tures :  1) T = 1413~ 
2) 1216; 3) 932. AT, ~ 
I / P ,  cm -t Hg. 

pyromete r .  The cur ren t  value is measured  by the potentiometer  method 
to an accuracy  of +0.01 mA. 

The measurement  sys tem allows determination of the res i s tances  
of the long R l and short  R s sections of wire to an accuracy  of • -4 ~. 
Resis tance was measured  for  two direct ions of "nonheating" cur ren t  I 0 
= 2 mA, with an R-330 poteat iometer .  The wire was heated by a cur ren t  
of the o rde r  of I = 250 mA and measurements  were made with an R-307 
potent iometer .  In helium at a tmospher ic  p r e s su re  this gave a t empera -  
ture differential of about 6-8~ 

Tube tempera ture  was controlled by the pyromete r ,  measured  (by 
res i s tance  thermometer )  by the wire i tself  with the "nonheating" current ,  
and maintained constant over the course  of measurements .  

Tempera ture  distribution over  the measurement  section of the 
tube was determined by the py romete r  and three thermocouples ,  installed 
at the center  and both ends of this section. Device output in a stable 
mode continued for  4-5 h. 

The vacuum sys tem (Fig. 1) consis ted of an N-5S-M1 oil vapor 
pump 16, a VN-2MG prepump 17, and a nitrogen trap 15. In the device 

chamber  2 a vacuum of the order  of 1 �9 10 -4 mbar  was attained. Cleaning and degasification of the cham-  
ber ,  measurement  cell, and insulation sc reen  were pe r fo rmed  with the vacuum sys tem af ter  assembly .  
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Before performing the experiments the apparatus was evacuated for 
8-10 h with subsequent heating and passage of the gas to be studied through 
all gas l ines for 20-30 min. Then only chamber and measurement  cel l  were 
fi l led with gas.  Gas purity was checked with an indicator lamp with f i la-  
ments prepared of measurement  wire material .  The lamp filament tempera-  
ture was measured with the pyrometer .  The absence of a deposit on the 
tamp envelope indicated that the gas did not interact with the filament. The 
apparatus was fil led with gas through regulator 22, pressure  being measured 
by a type MBP manometer  to an accuracy of -~0.05 mbar. 

Body, cover ,  and current leads were cooled by water. During the 
time of the experiment their temperature was maintained constant to within 
:L0.1 ~ 

The constants characteriz ing the measurement  cell  were as follows: 
internal tube diameter d 2 = 5.700 • 0.005 ram; external tube diameter D 
= 6.300 • 0.001 ram; measurement  wire diameter d 1 = 0.100 + 0.001 mm; 
length of tong portion of wire l l = 92.965 :L 0.001 mm; length of short por-  
tion of wire l s = 33.139 • 0.001 mm; res is tance  of long portion of wire at 

R~ ~  2 .3248+ 0.004 ft; res is tance  of short portion of wire at 20~ 20~ 
R2s ~ 0.8287 • 0.002 ft; effective length / e l  = l l - l s  = 59.826 :~ 0.002 mm; 

~20 ~20 = 1.4961 :~ 0.0003 ft. effective res is tance at 20~ R2~ = ~'l -~ 's  

The method described in [2] was used to proces s  the experimental  re -  
sults .  In our apparatus heat transfer is  excluded by device geometry,  since 
over  the entire temperature range considered the Rayleigh number is l e s s  
than 1000 [3] 

In order  to avoid correct ion by computation for heat loss  from the 
wire ends, a wire with three potential leads was used, and the experimental  
method i tsel f  provided the correct ion [4]. 

The eccentricity in our experiment was 0.2 mm and produces  a cor -  
rection in the thermal conductivity value of 0.2%. The temperature drop in 
the wall of the molybdenum tube is negligibly small .  

Correction for temperature differential was introduced experimentally,  
using the relationship of [5] 

(1)_:_ATgas" (1) A T = B  ~ -  

If the thermal flux produced by thermal conductivity through the gas 
layer studied is  held constant, then the temperature difference between 
wire and wall wili  change l inearly with the quantity l / P ,  according to [1] 
(Fig. 3). In experiments with different values of 1 /P  the wire res is tance 
and the value of current passed through it were changed. These changes, 
opposite in sign, compensate each other, so that the thermal flux varied 
little.  

The change in thermal flux produced by conductivity is  somewhat 
greater at high temperatures,  since radiant flux then plays an important 
role,  changing more rapidly with change from one pressure  to another due 
to the sharp change in wire temperature.  In this case  maintenance of a 
constant thermal flux is somewhat more  complicated.  Measurements were 
made at three different pressures:  1050, 500, and 150 mbar. 

The temperature difference between wire and wall was calculated with 
the formula of [2]: 

A T = -  Ref-" R~ ef •  (2) 

dv R5 I 
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Fig.  4. Compar i son  of data on t he rma l  conductivity of hel ium with 
[3] and [6] in the t e m p e r a t u r e  range 400-1500~ Solid line) [3]; 
dashes)  [6]. 1 ) P r e s e n t  data; 2) [7]; 3) [8]; 4) [9]; 5) [10]; 6) [11]; 
7) [12]; k ,  W / m . d e g ;  T, ~ 

The heat  t r ansmi t t ed  by radia t ion was calculated with the formula:  

Q, = _ ( lj 

The amount  of heat  l ibe ra ted  by the wire  was de te rmined  by 
'z 2 0 

Q = I Re f - -  10Per. (4) 

Then the heat  t r ansmi t t ed  by conduction through the gas will be  

Qc = q - -  q r .  (5) 

The t he rma l  conductivity of the gas  was then found with the express ion  

~, = A Q c ,  (6)  
ATgas 

where  A = In ( d 2 / d l ) / 2 ~ l e f .  

The coefficient  of t he rm a l  conductivity for  the gas obtained with Eq. (6) is  r e la ted  to the mean  t e m -  
p e r a t u r e  

_~ Twat 1 ~ ATgas _ 
2 (7) 

Thus,  with the appara tus  developed the t he rma l  conductivity of hel ium was studied over  the t e m p e r a -  
lure  range 400-1500~ The expe r imen t s  used high pur i ty  (99.993%) hel ium with the following impur i ty  
content: hydrogen 0.002; ni t rogen 0.002; oxygen 0.0005; hydrocarbon  0.00051 neon 0.002%. 

Table  1 p r e s en t s  the r e su l t s  of the m e a s u r e m e n t s .  Uncer ta in ty  in the t he rma l  conductivity values  
obtained is  +4%. The g r e a t e s t  contribution to this uncer ta in ty  is  produced by  the e r r o r  connected with 
m e a s u r e m e n t  of the t e m p e r a t u r e  di f ference in the gas  l aye r ,  which is  ~2.5%. 

In Fig.  4 the data of the p r e s en t  expe r imen t s  a r e  compa red  with those of [3] and [6], which a r e  
r e c o m m e n d e d  as s tandards .  Also shown a r e  exper imen ta l  data f rom [7-12], in which hel ium the rma l  

conduc t iv i t y  was studied above 1000*K. 

The m a x i m u m  deviat ion of our data f r o m  that of [3] occu r s  at 407~ and c o m p r i s e s  2.7%. Above 
1000~ the point s ca t t e r ing  is l ess  than *2% and indicates  good a g r e e m e n t  of our data and that of [3]. 

Compar i son  with the r e su l t s  of [6] shows that  our values  differ  somewhat  m o r e  than in the case  of 
[3]: at 407~ our  data a r e  higher  by 4.9%, and at 1413", lower  by  1.5%. A study of the data of [6] r ev ea l s  
that they do not lie on a smooth curve  over  the ent i re  t e m p e r a t u r e  range.  This  explains the g r e a t e r  d iv e r -  
gence of our data f r o m  that of [6]. 
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Also to be noted a re  the expe r imen ta l  r e su l t s  of [10L obtained up to 1333~ and not included in the 
co r re l a t ions  of [3] and [6], with uncer ta in ty  of • 

Our data were  obtained a t  t e m p e r a t u r e s  up to 1413~ i . e . ,  they encompass  a wide t empe ra tu r e  
range and ag ree  well  with the values  of [10]. 

It can be concluded f r o m  the above that the values of [10] and our exper imenta l  data a r e  the c loses t  
to the t rue values  of t he rm a l  conductivity a t  t e m p e r a t u r e s  above 1000~ and that the s tandard values of [3] 
agree  be t t e r  with the m o r e  accu ra t e  data of [10] and with our exper imenta l  values ,  than do the r e c o m -  
mended r e su l t s  of [6]. 
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N O T A T I O N  

d i a m e t e r  of the m e a s u r e m e n t  wire ,  m m ;  
inner  tube d i ame te r ,  m m ;  
outer  tube d i ame te r ,  m m ;  
length of the long segment  of wire ,  m m ;  
length of the shor t  segment  of wire ,  m m ;  
r e s i s t a n c e  of the long wire  segment  at 20~ ~2; 

r e s i s t ance  of the shor t  wi re  segment  at 20~ ~; 
effect ive length, m m ;  

effect ive r e s i s t a n c e  a t  20~ t2; 
"nonheating" cur ren t ,  A; 
"heating" cur ren t ,  A; 
r e s i s t a n c e  of the long wire  segment  with "nonheating" cur ren t ,  ~; 

r e s i s t ance  of the shor t  wire  segment  with "nonheating" cur ren t ,  ~; 
r e s i s t ance  of the long wire  segment  with "heating" cur ren t ,  12; 
r e s i s t a n c e  of the shor t  wire  segment  with "heating" cur ren t ,  ~; 

effect ive r e s i s t ance  with "nonheating" cur ren t ,  ~; 
effect ive r e s i s t ance  with "heating" cur ren t ,  12; 
t e m p e r a t u r e  of the molybdenum tube wall, ~ 
t e m p e r a t u r e  of the m e a s u r e m e n t  wire ,  ~K; 
t e m p e r a t u r e  di f ference between the wire  and the wall,  ~ 
t rue  t e m p e r a t u r e  di f ferent ia l  in the gas  layer ,  ~ 
mean  t empe ra tu r e ,  ~ 
effect ive heat  l ibera ted  by the m e a s u r e m e n t  wire ,  W; 
heat t r a n s f e r r e d  by conductivity,  W; 

~s the quantity dependent on the wire  ma te r i a l ,  physica l  p rope r t i e s ,  m e a s u r e m e n t  cell  
geomet ry ,  and t he rm a l  flux, d e g . m b a r ;  
is the gas p r e s s u r e ,  mba r ;  
is the t e m p e r a t u r e  der iva t ive  of the ra t io  of the effect ive wire  r e s i s t ance  to effect ive 
r e s i s t a n c e  at  20~ deg-1; 
is the emi s s iv i t y  of the wire ,  W / m  2. deg4; 
is the t he rm a l  conductivity of the gas,  W / m - d e g ;  
is the quantity of heat  t r ansmi t t ed  by radiat ion,  W. 
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