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Results  a re  shown of relat ive viscosi ty  measurements  made on nine different gases at 300~ 
by the t ransient-f low method. The data a re  compared with those obtained by other authors.  

Test  data ob ta ineda t smal l  p r e s su re ,  t empera ture ,  and concentration gradients are  most  rel iable 
in t e rms  of establishing the in termolecular  potentials on the basts  of viscosi ty,  heat conduction, diffusion, 
and thermodtffus ion. With small  gradients ,  the choice of reference  pa ramete r s  for a measured t r ans fe r  
coefficient is not necessa r i ly  a rb i t r a ry ,  t henumber  of cor rec t ions  is substantial ly reduced,  secondary  ef-  
fects such as p r e s su re  r ises  during the mixing of pure gases for diffusion measurements  are  eliminated, 
etc. For  this reason,  the method used ear l ie r  [12] for studying the flow of raref ied  gases  (transient-flow 
method) appears ,  with some modifications, sufficiently sa t i s fac tory  for measur ing  the viscosi ty  coef- 
ficients.  The gist of this method is to measure  the relaxation t ime ~p of a small  p r e s s u r e  drop ac ross  
a capil lary tube connecting two a lmost  equal volumes V1 and V2, as a function of the mean p re s su re  p in the 
sys tem.  The use of a d iaphragm-type  mic romanomete r  with a digital readout and with a 3.1 �9 10 -4 ( N / m  2) 
/ H z  sensi t ivi ty for record ing  Ap has made it possible to pe r fo rm the measurements  with a relative p r e s -  
sure  drop A p / p  not exceeding 5 �9 10 -4. The digital information about the magnitude of the p r e s s u r e  drop is 
t ransmi t ted  to a frequency mete r  within t ime intervals  defined by a quartz osci l la tor .  

F r o m  the equation of balance between the number  of gas molecules in each volume, and f rom the 
well-known expression for a viscous gas s t r eam (Poiseui l le ' s  formula with sliding), one can derive the 
n e c e s s a r y  relations for  calculating the v iscos i ty  of a gas V. The p r e s s u r e  drop as a function of t ime is 

Ap = hpo exp (-- t/Tp), 

with Ap0 denoting the p r e s s u r e  drop at the instant at which the measurement  begins. Here 

1 _ A p + B .  A - -  ~R4 B =  R~l ~ or; V =  
"% V + ap ' 8~1l ' 4I \ m ] V I -~- V z' 

and a ts a charac te r i s t i c  of the p r e s s u r e  drop recording instrument.  In our case a is the magnitude of the 
volume change due to the diaphragm deflection, r e f e r r e d  to the magnitude of the p r e s s u r e  drop caus hag this 
deflection. 

For  the derivation of these formulas  one uses the equation of state of an ideal gas.  In this notation, 
the expression for the sliding flow B is valid for a model medium consist ing of solid spheres .  

The tes t  curve ~_ p = 7p(p) was evaluated by the method of leas t  squares  with A and ]3 as unknown 
pa rame te r s .  In this way, tile v iscos i ty  and the sliding coefficient could be determined independently. 

When the radius of the capi l lary is calculated f rom the known viscosi ty  of any (reference) gas,  then 
the calculated viscosi ty  of another gas is a re lat ive quantity. If the radius of the capi l lary  is measured by 
another method, on a mic roscope  or  by filling with mercury ,  then the resul ts  yield absolute values of 
viscosi ty.  
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Fig.  1. Compar i son  between our  v i s -  
cos i ty  m e a s u r e m e n t s  and those of other  
authors :  1) [3-5]; 2) [6]; 3) [7]; 4) our 
data.  

F o r  a study of the interact ion between gases  and a 
su r face  over  a wide range of the Knudsen number  (10 -3 to 
103), the authors  used a bundle of 100 glass  cap i l l a r ies  
~3 cm long, each having a radius  of 0.0049-0.0051 cm.  
The use of such a bundle was dictated by the n e c e s s i t y  of 
studying the flow in a highly r a r e f i ed  gas ,  where  the r e l a x -  
ation t ime for a s ingle capi l la ry  of that  pa r t i cu l a r  radius  
was beyond the s table  operat ing per iod of the m i c r o m a n o -  
mete r .  For  an independent study of the gas v iscos i ty  alone,  
of course ,  it would be worthwhile to use a single cap i l l a ry  
with dimensions designed to opt imize  (in t e r m s  of a c -  
curacy) the m e a s u r e m e n t  of the p r e s s u r e - d r o p  re laxat ion  
t ime  and to min imize  any final co r rec t ions .  

The v i scos i ty  ~ measu red  within the range  of viscous 
flow with sliding 7000-27,000 N / m  2 at  a 300~ t e m p e r a t u r e  
is given in Table 1 for  nine gases  (argon was used as the 
r e fe rence ) .  

A compar i son  is shown in Fig. 1 between our  values and those of other  authors  [3-5] as well as with 
genera l i zed  t e s t  values accord ing  to [6, 7]. Along the ordinate axis has been plotted the re la t ive  (percent  
d i s c repancy  between other  au thors '  values and ours .  The e r r o r  in our values of v i scos i ty ,  according  to 
the d i ag ram,  has been calculated on a digital coniputer  f rom tes t  data evaluated by the method of l ea s t  
squa res .  All values of v i scos i ty  were  reduced to the s a m e  t e m p e r a t u r e  according  to fo rmulas  for  a "point -  
cen ter  of repuls  ion" model.  

The sa t i s f ac to ry  ag reemen t  (for mos t  gases)  between v i scos i ty  t e s t  data obtained by us and those 
found in the technical  l i t e r a tu re  le t s  us hope that  the descr ibed  method may become useful for a quick and 
v e r y  accura te  determinat ion of, a t  l eas t ,  the re la t ive  v i scos i ty  of gases .  The use of a digital ins t rument  
for  record ing  smal l  per tu rba t ions  in the s y s t e m ,  and the feas ib i l i ty  of r epea t ing  individual m e a s u r e m e n t s  
many  t imes  without significant changes in the t e s t  conditions will make it poss ib le  to automate  the m e a -  
s u r e m e n t  p roce s s  and to s imul taneous ly  evaluate the tes t  data on a digital computer .  
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N O T A T I O N  

is the p r e s s u r e  drop along capi l lary;  
is the p r e s s u r e - d r o p  re laxat ion t ime;  
is the mean p r e s s u r e  in the sys t em;  
a r e  the volumes connected through the capi l lary;  
is the cha r ac t e r i s t i c  of e las t ic  p rope r t i e s  of m e m b r a n e  in m i e r o m a n o m e t e r ;  
a re  the radius  and length of capi l lary;  
is the sl iding coefficient  (gas along the wall); 
is the absolute t empe ra tu r e ;  
is the Bol tzmann constant; 
is the mass  of gas molecule;  
is the dynamic v i scos i ty  of gas .  
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