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The diffusivity of ni t rogen te t roxide evapora t ing  into a ni t rogen or  a he l ium a tmosphe re  has  
been de te rmined  by calculat ion and tes t .  

System A-B 

The mo lecu l a r  diffusivity D is a kinetic p a r a m e t e r  a s soc ia ted  with s ta t ic  and dynamic  conditions of a 
p r o c e s s .  All the complexi ty  and unwieldiness of many  calcula t ions  is, indeed, connected with the d e t e r -  
ruination of this quantity. T h e r e  a re  no tes t  data  avai lable in the technical  l i t e ra tu re  on the diffusivity of 
n i t rogen te t roxide N20 4. 

Theo re t i c a l  f o rmu la s  for  calculat ing the diffusivity have been der ived  by Maxwell, Boltzmann,  Suther -  
land, e t a l . ,  f r o m  the kinetic theory of gases  [1, 2]. These  fo rmulas  account for  the fundamental  re la t ions  
(for instance,  the inve r se  propor t iona l i ty  between diffusivity and p r e s s u r e  as well as the t e m p e r a t u r e  de-  
pendence of diffusivity and the d e c r e a s e  of the la t te r  with increas ing  molecu la r  weight of the diffusing 
gases ) ,  but thei r  a ccu racy  is poor ,  Those  theore t ica l  re la t ions  consti tute the bas i s  of va r ious  s e m i -  
e m p i r i c a i  fo rmulas  which a re  used when the phys icochemica l  p rope r t i e s  a re  known. Among the mos t  
widely used are  the Gilli land fo rmula  and Andrusov fo rmula  [2, 3]. 

Examining  the values  of diffusivity given he re  in Table  1 and in other published sources  [1, 3, 4], we 
see  that both the Gilliland fo rmula  and the Andrusov fo rmula  yield values  which a re  lower than those ob- 
tained in t e s t s .  The r e a s o n  for  this is~ apparent ly ,  that the effects  of the mix tu re  concent ra t ion  and c o m -  
posi t ion on the diffusivity have been d i s r ega rded  here ,  and yet these effects  a r e  s ignif icant  in the case  of 
n i t rogen  te t roxide .  One would expect  the following values  of diffusivity: 0.094 c m 2 / s e c  for  the N 2 0 4 - a i r  
(nitrogen) s y s t e m  and 0.38 c m 2 / s e c  for  the N204-he l ium sys t em.  

The tes t  va lues  for  the diffusivity of n i t rogen te t roxide  were  obtained by two methods .  The appara tus  
for  both had been desc r ibed  e a r l i e r  in [2, 3]. The spec ia l  f ea tu res  of our appara tus  were  dictated by the 
speci f ic  c h a r a c t e r i s t i c s  of n i t rogen te t roxide ,  in the f i r s t  method we observed  the s t eady - s t a t e  evapora t ion  
p r o c e s s  in an open cyl indr ica l  ve s s e l .  This  method had been proposed  by Stefan and developed by WinkeI-  

mann, with the diffusivity then to be calcula ted ac -  
TAttLE 1. Values of Diffusivity for  Benzene and cording to the Stefan fo rmula  [3, 7]. 
Ni t rogen Te t rox ide  

D, cm2/sec 

caleulate~t values test values 

Benzene-air 
Benzene -nitrogen 
Nitrogen tel roxide 

nitrogen 
Nitrogen tetmxide 

helium 

to the 
Gillilan( 
formula 

- - ' - g , o 7 2  

0,084 

0,374 

:d the 
Andruso~ 
formula 

0,069 

0,078 

0,352 

obtaine( 
by the 
Stefan 
method 

0"~83 
0,101 

0,415 

:obtained 
~y the 
[ris0v 
method 
0,075 
0,0812 

0,0985 

0.398 

According to the second method, which had 
been developed by A. S. I r i sov  [3], the diffusivity 
was de te rmined  f r o m  the evapora t ion  k inet ics  in a 
c losed ves se l .  It has  been  shown in [5] that eva lu-  
ating the data as suggested in [3] would not n ece s -  

s a r i l y  yield re l iable  values  for  the diffusivity or  
accura te  values  for  the vapor  p r e s s u r e  in a c losed 
vesse l ,  because  a ce r t a in  coefficient  he re  cal led 
the " ins t rument  f ac to r ,  appea r s  as a constant ,  A 
theore t ica l  re la t ion  has been der ived  in [6] for the 
case  of i so the rma l  evapora t ion  in a c losed volume,  
on the assumpt ion  that the diffusivi ty r ema in s  
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Fig.  1 Fig. 2 

Fig. 1. Relat ive p r e s s u r e  P-as  a funct ion of log Fo D. The num-  
b e r s  next to the cu rves  indicate the number  of t e r m s  re ta ined in the 
s e r i e s  in exp res s ion  (1). 

Fig. 2. Relat ion D(t) for  va r ious  s y s t e m s :  benzene -a i r  (1), benzene-  
n i t rogen  (2), N2Ocni t rogen  (3), N204-helinm (4); tes t  data in [1, 3] 
(a), I r i sov  method (b), Stefan method (c), I r i sov  method (d), Stefan 
method (e); for  s y s t e m s  1, 2, 3 the t e m p e r a t u r e  sca le  is on the bot-  
tom and the diffusivity sca le  is on the lef t-hand side, for  s y s t e m  4 
the t e m p e r a t u r e  sca le  is on top and the diffusivity sca le  is on the 
r ight -hand side: t (~ D (m2/sec ) .  

constant  throughout the p r o c e s s .  With the bas ic  idea of the I r i sov  method and with our re f inement  of it [6], 
one can calcula te  the diffusivi ty for  the case  where the re la t ive  p r e s s u r e  P = P/_Ps is a function of t ime.  
In our  calcula t ions  we used the un ive r sa l  re la t ion  between the re la t ive  p r e s s u r e  P and the Four i e r  diffusion 
number  Fo D = D~'/l 2 [6]: 

, ~  1 exp {--[~ (2n-- 1)]~Foo} >= 1 8 ( 1 5 P o ) _ _ ( 2 n _ _ l )  ~ (1) 
n ~ l  

shown in Fig. 1. A close  conf i rmat ion  of this un ive r sa l  re la t ion  was found in I r i s o v ' s  t es t  data [3] and in 
our  t es t  data  [6] as r e g a r d s  the kinet ics  of N204 evapora t ion  in a c losed vo lume.  

The values  of diffusivity in Tab le  1, r e f e r r e d  to 0~ have been obtained as follows: exper imenta l ly  
by the S t e f an -Winke lmann  method and by the ref ined I r i sov  method, calculat ions according to the Gilli tand 
fo rmula  and the Andrusov method.  The diffusivi ty according to I r i sov  was calculated f r o m  the values of the 
Four i e r  diffusion number  FOD, which in turn were  found f r o m  the un ive r sa l  P(FOD) curve  based on P0") 
t e s t s  with T = const ,  and l = const .  

The tes t  va lues  of diffusivity at the t e m p e r a t u r e s  for  which they have been calculated a r e  shown in 
Fig.  2. Our t es t  points agree  c lose ly  with the Winkelmann re la t ion  

Dt = Do [ t + 273'] n 760 
1 " 7  

The values  of D O in Table  1 have been obtained by p rocess ing  the tes t  data  on the bas i s  of this re la t ion.  
He re  n = 1.75 for  N204 evapora t ion  in hel ium and n = 2 for  all  other c a s e s .  

A c r i t i ca l  ana lys is  of the methods used for  calculat ion and tes t ing yields,  with s a t i s f ac to ry  accuracy ,  
the following values  of diffusivity:  0.1 e m 2 / s e c  for  the N204-nitrogen (N2) s y s t e m  and 0.4 c m 2 / s e c  for  the 
N204-helium (He) s y s t em .  

P 
Ps 

is the p r e s s u r e ;  
is the saturated-vapor pressure; 

NOTATION 
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P0 
Do, Dt 

is the relative pressure;  
is the initial relative pressure;  
is the diffusivity of vapor at 0~ and at t~ respectively. 
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