
T H E  V I S C O S I T Y  OF  M O I S T  A I R  

E .  L .  S t u d n i k o v  UDC 533.16 

An empir ica l  formula  is proposed for  calculations of the v iscos i ty  of a mixture  of water  
vapor and a i r .  

Exper imental  data on the v iscos i ty  of moist a i r  were  f i r s t  obtained by Kestin and Whitelaw [1] in the 
t empera tu re  range 25-75~ and the p r e s su re  range 1-7 atm. The mole f rac t ion  of water  vapor  in the air  
did not exceed 0.4. The measurements  were  taken by the oscil lat ing disk method to within ~1%. 

The authors [1] compared  the exper imental  data obtained with the resu l t s  of theore t ica l  calculations 
pe r fo rmed  by Mason and Monehick [2] by the method proposed in [3]. The f i r s t  approximation of the coef-  
ficient of v iscos i ty  of the a i r - w a t e r  vapor mixture ,  according to [3], is determined by the following expres -  
sion: 

2xlx~H~2][~ H1-~-22/-/2 ..t]--I [qml~= L-H~ § 1 [ , (1) 

where  

3M2 A* ] Hn - x 2 2xlx 2 RT 1 + ~ - ~ - 1 2 j "  (la) 
-- [~]l]---]- + Mi+M2" P [Dl~]i 

3M1 .* ] (lb) 
H~ : [vh]-- ~ -  § Mi+M z P [D1211 

2XlX~ RT [ 1 _ _  3_3_A~2]. (lc) 
H12:  

Mi +M~ P [D121i [ J 5  , 

In Eqs.  (1) x 1 and x 2 are  the mole fract ions of the mixture  components;  [~h]l, [~7211, [Dlz]I a re  the f i r s t  
approximations of the v iscos i ty  coefficients and coefficient of mutual diffusion of the components,  determined 
according to [4]; M 1 and M 2 a r e  the molecular  weights of the components;  P and T are  the p r e s s u r e  and t e m -  

pe ra tu re  of the mixture;  R is the universa l  gas constant; A~2 
and A~I are  some functions of t empera tu re ,  determined by the 
fo rm of the se lected potential  of in termolecular  interact ion 

9m' and tabulated for ce r ta in  potentials in [4]. 

~ TO calculate  the v i scos i ty  of mois t  a i r  the authors of [2] 
~ " ~ - . . ~  9,0 too selected the Stockmayer  potential .  They determined the param-  

200 ~ ~ ~ t l o ~ ~  e te rs  of this potential  on the basis of exper imental  data on the 
v i s c o s i t y  of a m ure and a known r le of combination.  The 

tso maximum divergence between the exper imental  and calculated 
values of v iscos i ty  is less  than 1%. Thus we can consider  that 

tsa Eq. (1) descr ibes  nicely the exper imental  data on the v iscos i ty  
of moist  a i r ,  but for  prac t ica l  calculations it is quite complex 

o 2o 0o eo so H20 and it seems reasonable  to approximate the exper imental  data 
by a s impler  re la t ion enabling us to obtain sufficiently good 

Fig.  1. Calculation of the v iscos i ty  of resu l t s .  
moist  a i r  in the t empera tu re  range 20- 
150~ ~?, N .sec /m2;  H20 , %. I) Satura-  An analysis of the empir ica l  and semiempi r ica l  formulas  
tion l ine.  proposed by var ious authors [5, 6] shows that none of these 
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TABLE 1. Viscosi ty  of Water  V a p o r - A i r  Mixture at P ~ PSH20 , 
V.107 , N . s e c / m  2 

H~O, % 

t, ~ ] 
0 10 20 30 60 70 80 

20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
i50 

181,4 
t86,5 
t90,8 
195,5 
200,1 
204,6 
209,1 
213,5 
218,0 
222,3 
226,6 
230,9 
235,0 
239,2 

191 41 
196 01190,4 
200.51195,0 
205.11199,5 
209.51203,9 
214.01208,4 
2J~.41212,8 
222.7 1217,2 
227.11221,6 
231,2 225,8 
235.5 230,1 

188,0 
192,5 
196,9 
201,4 
205,8 
210,1 
214,5 
218,7 
223,1 

40 50 

184,3 175,0 
188 7 179,2 
193 1 183,6 
197,5 187,9 
201,8 192,2 
206,1 196,4 
210,3 200,6 
214,7 204,9 

168,9 157,7 
173,2 161,81149,9 
177,4 166,01153,9 
18t,6 170,11 157,9 
185,8 174,21161,9 
189,9 178,4 165,8 
194,2 182,4 169,9 

137,5 
141,3 
145,2 
149,0 
152,9 
156,8 

90 100 

124,7 
128,4 
132,1 
135,8 
139,5 
143,3 

f o r m u l a s  conveys sa t i s f ac to r i ly  the c h a r a c t e r  of the dependence of the v i scos i ty  of the wa te r  v a p o r - a i r  
mix tu re  on the concentra t ion  of components .  

Lehman  [7] p roposed  an empi r i ca l  fo rmula  fo r  calculat ing the t h e r m a l  conductivity of mix tu res  con-  
taining a po la r  component:  

~ 'ra=(xl~l+x2;~2)( 1 ~- x v ~ ) ,  (2) 

where  k 1 and ~ a re  the coeff icients  of t h e r m a l  conductivity of the components;  Xp is the mole f rac t ion  of 
the polar  (or nonpolar) component;  a is an empi r i ca l  f ac to r .  

Lehman  used  a = 3.5 r e g a r d l e s s  of the types  of gases  composing  the mix ture .  

It was  of in te res t  to de te rmine  the poss ib i l i ty  of using an analogous fo rmula  for  calculat ing the mixture  
of a i r  with wa te r  vapor ,  one of the components  of which is po la r  (H20). 

In this case  we obtain the following express ion :  

X p - - X p  
~1 m=(xl+  h+x+~+) 1 + a " (3) 

The  v i scos i ty  of mois t  a i r  was  calculated by Eq. (3) with the use  of the value a = 3.5. A compar i son  
of the calculat ion r e su l t s  with the exper imenta l  data [1] shows that the max imum deviation of the calculated 
and exper imenta l  values  of v i scos i ty  does not exceed 1%. 

T r e a t m e n t  of the exper imen ta l  data [1] by the method of leas t  squa res  allowed the value of a for  the 
given mix ture  to be ref ined .  

The value a = 2.75 obtained was used for  calculat ing the v i scos i ty  of mois t  a i r  in the t e m p e r a t u r e  
range  20-150~ and in the ent i re  concentra t ion range  of the components .  The r e su l t s  of the calculat ions 
a re  given in Table  1 and in Fig.  1~ The m a x i m u m  divergence  between the exper imenta l  and calculated values 
of v i scos i ty  is 0.32% and the ave rage  :~0.1%. 

Thus Eq. (1) can be used for  calculat ing the v i scos i ty  of a mixture  of water  vapor  and a i r .  
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