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EFFZCT OF C I Z A N P ~ L '  LENGTH ON 

TEIE FORCE EXERTED BY EZ'FUSfPJG VAPORS?. 
. , . .. . . . .  

. - . L  I. . 
~ J v i d  A. ~ e b u l e  and N J ~  W. 'soarcy ', + 

'. :. . . 

Lawrence Fadintion Laboratory and Dcp&rtment of L1inera.l Technology 
Univc r oity of Caliiornia, Be rkcley; California : 

. . 

For molecular streaming condi$ona, Clausing ha3 cdcuinted v d u c a  
, . . - 

of the ratio K - of t l ~ c  number of molecules that escape through m orifice 

- of.finite len$h 1 to the iui%bet'.that escepo through an orifice or* 

. ' .  iniinitesima.3 lcngip, but the s a k e  radius r. Provided that the coniuc 
1 - 

distribution law is valid, tlrc method i c  exact and yields. values of EC. - 
. '  ' 

' 2 .  that calr be crrlcdatsd to any desired limits of uncertainty. 

Clausing has provided an alternate derivation which yields. values of 
. . 

the ratio - that are strictly'valid only fox L/r - vanishingly small but 
." 

v~hich Cl~using declared for 2 = - r to be'"valid to a very high degree ci 
. . , .. 

. . appraximatioz~, and probably so even for P = . 4r, - l t3  From this approxirtlste 
,. . 

ecpation, Freeman =d Searcy have calculated 'the fraction of molecules 
. ,  . . . 

. 4 that elcapo through varibus solid angles rn&e &th the orifice &cis. 

By d simple \?edification, 'they were also able to &.lidate the ratio - f 
. . - .  . . . . .  1 .  - * .  . . .  

. . 
1 '  . ., . - .  . . ., . .  . . 

(5( 
- .  
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of thc Coreo of rnolcculee that escape through an orifice oi finite $/I 

. :' :kc force if r \-,ere the same, b&t 1 were zero. Values of f are - - 
required for dctorminatioa of vapor prcoaures by tho toreion cfferofon, . '  . 

. Zcc+use of ~ i e  tediousness of the numdric~l integrations by jrimpson'o 

~nzL>od, F r cewn  and Searcy used angular incxctments of 15 deg in 
b 

edi ln t ion  or" X' - asd i. Tho practical vaiiditieo of Clausing's apprcxizxate 
. . 

cqrsstior- aad of the s~urnerical; integration wore demonstrated for t d u s a  of 

P/; boozeen O and 2 by agrcemect to within 0.5% in the calculated values 

,--, allc c,ilc*d;ltion waa pe;.forrncd on an IBM 704 cornputcr'tsith 0.1-deg 

intervzls in the Si~:qpson method integration, thus bsirrginz thc above- 

mentiacc!d agzeer;cnt to \idthin 0.170 ovcr tLo range of d / r  - from '3 to 4. 

f u ~ t h ~ r  decrease in ~u~~+n;1.~on i n t e s d  by a factor of 19 ;>rodtrced i?3 

chmzc in sarxxple 1 /r- - citcalotions, indicating that the limit of preci~ion 

of this method had been reached. 

8 .  Oetkov has recently claimed that a ,molecular distribution cquafion 

of TJ1asov9 yieldo better number .;mzd force corrections for ohorr oriiiccs 

than arc obtainable from the CLausing approitimate equation. 

5. R. 33. Frccnlaa and A. 7V. Searcy, J. Chem. Pily3. - 22, 762 4.1951). 

6 ,  H. hkycr, 2. Phyoik .67, - 240 (1931). 

7. hi. Volmcr, 2. Pbysit,. Ghcrn. Bodenstcia Featband, 863 (1932). 

3, SOP. ai)r&ov, Zhur. Fiz. Echirn. 34, I634 (1160). 

9. 0. Ye. tnlasov, Izvec;t'.. Vscsoyua. TcplotelcB. Inst. im Fel ik~a 
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DeMarcus has obtained refined values of K f r o m  Clausingls exact -. 

equation. l o  In Fig. 1 a r e  plotted deviations (in percent )  of these values 

I f r o m  ~ ; t k o v ' s  values, Kd, and of cur refined values, - Kt, ' f r o m  the 

approximate Clausing equation. Both approximations show maximum 
. . 

experimental deviations of 0. 12 in the range of ~ / r  - values up to 2.9. 
* 

F r o m  l / r  = 2.9 to the l imit  of Detkovcs calculations, l / r  = 4, our - % - 
1 -  approximation gives markedly bet ter  agreement.  

Values of K r  and f and, for  comparison, Detkov's values fd a r e  - - 
. ' 

presented in Table I. At i / r  - = 4..0, where our  K f  and Detkovls Kd . - 

I . differ by 1.16% the values of - f and fd differ by l e s s  than 0. l%because  

I the force  equations a r e  insensit ive to the assumed behavior of molecules 

that t rave l  a t  high angles to the orifice axis. Deviations of our value of 

K' - f r o m  the exact equation value' reaches  -1.1470 a t  !/r - = 7.0, and 

-2.32 a t  l / r  - = 10. 0. These  deviations a r e  within the confidence l imi ts  

of present  effusion measurements ,  l 1  the fo rce  cor rec t ions  should 

b e  c lose r  to the t r u e  values than a r e  the corresponding values of - K1. 

Table I1 contains tabulated values of the correct ion fac tors  ca l -  

culated in the present  work for  l / r  - f r o m  0.00 to 10.00 in 0. 01 intervals.  

. . 

10. W. C. DeMarcus, Oak Ridge Gaseous Diffusion Plant  Report  

K-1302, ~ a r t . 3  (1957). 

11. K. D. Carlson,  Argonne ~ a t i o n a l  Laboratory Repor t  ANL-6 156 

, . 
(Thesis),  April  1960. ' 
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- fable I. Comparison of correction .factors . . , 

' ' 

. . . . . . . . ,  . . . . I , .  . 
a .  . : ,  

. *  ; . . , , . .  . _ . , .  - .  , . . . 

. . . . .  . . 
. . 

i. , . . . 
' . -.. Numbet correction : - :  .Force corrootiorr . , F O ~ G Q  coxroction 

. . . . . . . . . .  Factor I . . . Factor ; ' factor. 
. . . .  . . .  . . $ . .  . . .  . . , -  , . '  .  his  research):.^: (Dctkov) . . .  . . . . . .  . . . . . . . , 

. . . . . . . . . . . .  . . . . . . . .  . . . .  115.. y , l ' . . ;  . . . . .  . .  . . . . . . . .  f .  . . . . . .  . . . . . . . . . . .  . . . . . .  . . -- . . - 
. . . . '  . .  , , 

. .*, . . ' f d '  . . .  . . . . . .  . . .  . . .- 
. . . . . . . . . . . . ..' . . -... . . . " . .  : 0 0 . .  . .  . P..OW00 .-,:.. ..,. . : :  :.'.:.. 1. OQOOO . . ' . . . . . .  : ,I.; :: 8 .  6000 

C . . ... / . . , .  ,,.:. , I . . . . .  . .  . . .  .. . . . . ' .  ' .  0.1 . . . . .  . . .  . ' , 0.15238 .: . : ; 0. 96832 '-'-" . - ' . ?  
. . - - 

. . . .  
, .  0.90922 . , , . , . :  - 0. 93731 '.:' . :  :,:: ' :  :"0.9373 ' '  ' : ' 0. 2 . . . . . . . . . .  . .  . ;. . . . . .  . . 

. :  . . . .  ' . . I  

. ,  . . 0.3 ' . . . . .  - . ' 0 . 8 6 9 9 3  ...::...' .;. . 0 90730 .:. 1.: '".:.,:'-' :":; -,. ' . ' 1 . . . . .  . . :. -- ....... . . . ' .  . , . . . .  0. 4' . :  0 83/09 ...;"'.',;,. : . . .  .'.:'" ! , "  
' . . .  . . . . . .  . .  . . . . .  . .  . . . .  0 x . .  . . .  ..... 0. 87845, : .::.+* ,...-'"l; .:.. 0. 8784 . . . .  . . . .  , ' . . :  :. . . .  .. .:.; . 0.5. 0. EO12@ ' : :' . I , , ; . ,'-,: .: 0 8509 4 , -  :: .*;:;: :.. ,: -- 

. . .. , . ' ; " .. . . .  , . .. . . ; .  . . . .  . .  ., . . 0. 6 : 0. 77116,' . :  , 0: 82473 , -  , 0. 8247 . . .  . , .  - 0. 74344 , ' . '  .. , ' "' . :: " . . . 0.7' ' , 0, 79984 .. i: .  :... . .. . ..- . 
I (  . . , . - 

. . . . . .  ...... . . .  . . . : . 
. . 

, 3  . 0.3 . . . . . .  0, 71784 :,; -..:. : . ' ]  .:.. . . . .  -..::' '.:'. 0. 7.7625 . . .  ",:;,::... I::.':'.. 0, 7762 .: . . . . . .  . . . . . .  , - . . 
. . .  . . 0.9 ' . '  , . . . .  . , C ) ~ 6 7 4 1 2 . ~ ; " .  :.': . 0.75390::::'~::...i.: .,.. '*,:,. " - - 

, .. :, : , , : , ,.. I . : ,  . , 
' . , C '  . . . . . . .  1; 0 .. :. . . .  0.67209 . . . . . . . . .  . . .  . . . . . . .  0. 73275 . '  : :  '. ' : 0.7326 

. . . . .  . . . . . .  . . ,  , 
. . . . . . .  . . . .  ' 1 . 1  . .  : 0.65157 , . . ' . r - .  0.71272 ' . b  . . . . *  

s. - 
. . .  .. . . . .  . . . .  , . . . . . .  . . .  . 0 .63240 . , .  :. . : . .  . . . .  . .  . . . . .  ' .. . . , '. . . . 1.. 2 . , . . . .  - ,  0. 69376"' ::' I ' 0. 4 3 5  

. i . '  : . . I  

. . . i . , ,  . . 
. ': . , : . .0 .61446 .< . ,,, :... . .,..-0;6;~51(0:.':'..- . -  , .  . _ _  

. . . . .  . . . . :  . . . .  
, ,  . . , .: P; 3 

. ,  , 
. .  

.:, . , . ,  ' ., 
. . . _  ... . . . .  ... :;.1.4 ' . .  :0.59763 . ; . ,  . I::., . . . ;., . 0; 65876,:. ............. "..+. 0 .  6584 

... . . .  . . . - . .  . . , . ,. 
. '  .. ' . .  . . . . . .  0. 58179 . .  . . . . . : .  . : :  . .  0. 64260: . . : .  . . . .  . .  , z . ~ , , .  . . . . .  , . . ' . '  1.5 . . , , ' . ' . - . . .  * .. 

... .. , . . . . . .  . . . .  1.6 . ' .. + ' :  . '. . . 0.56686 : : , .  ' , .a  ,.., 
. . . a .  , . ' ' .  0. 6267 ..;, , ": '  0;62724 . ' " '  : ' , " ,,: . . , 

. . . .  
. . ' . '  0. 61263 ....:,., 2 ,  .... . . . .  . . . .  . . . ' .  .;. . .  . . 1.7 . . . :  ; .  0.55275. .: . , . , : . . . .  . . .  . . i.. 

. . .  . . . . . .  . . 
, .  . . 3 -  

, . . . . . .  . ' . . .  . .  .. . ' . .  " ; : , : 1 8 .: , .  :o. 33943 .,.:'I : ;... ..: ,.- 0. 59873 . :i ;: ...'..'- .' 0. 5981 . . . . ~. . ' .  . . .  . . . : . -  ..... '....... . . . . .  . 0.'52675.;. ..'';....':', .: 'i 0. 585.4.8 . . .  . . .  . .  . - - . t . : . . .  1 : . ;  . . . . -: 
. . . . . . . . . .  :. 2 .0  * 0 . 5 1 4 7 2 . " " '  : 0,57282 ..) .. . ,. . 

. . . .  . . ,, . . . .  Q . 5 7 Z i  '.'. . ,  8 . . . .. I .. 2.2 .,' . , . 0.41238 . , ';'. I. . -. .. 0.54915 . .  ' .  
. . . . , . ;... .. 

. .  0.5465 
-, , . . . , : :' . . . . .,"' . . .  .Z*r,. , # .  . . . . . . : . . . .  . . . . . . . . . . .  . . . ' . . 0.47203" , ,, ' . -  . ) .  I _ ,  .O. 5 2 75 P ' 0.5269 

. . 
.>, 

: . . - .  2 .  6 . . .  0. 45340 . . . . . . . . . . . - . .  . . .  . . . '  0.50756.: ' - ." . . .  ' 0.5071 ' 

. . :.'. . . _ . :  . . . ' 2.8 . . '. 0.436.26, , , ': . . 0.48913 :'%.'..0.483-? : .. ' . . .  . . , . .I 

. . . . . . .  0.47203 . . : 0.4Z044 . . '  . . 0.4722 
I .. r :.' 3.0 . . . . .  .....:. . . , .  . . , , . . ., . . . . . .  0.46577 . . . . . . . . .  ..;." . . .  0.45533,  . . . .  . . . . .  . . . - 3.'2 -,  . .  . . .  . . ,, . 

: 0.4569 
. . .  .. ,'3. -1 . : ' .  . . : . . . .  0. 39212 ' .  , . . . .  . . . . .  0. 44129 .. : "'; . ,,: . ' .  .o. $425 . . .  . . .  . . I . .  . . ... . . . .  . .~ , . ,  3.6 . . 0.37938,::  ' , .  . . ' .  . 0,42741. . . . 0.4293 

, . 
. . . . .  . .  , . 

3.8 - 0; 36747 . ., 0.41439' . . . . . l . .  ., . 0, 4169 .-. 
. , - .  -4.0 . 0.3fi630. . ' ; . .  . . 0.40215 % : .  

. . 0,4C5& 
. 5.0.. , . 0.30937 .' 0.35047::. ' .  - - . . 

6.0 ' .  0.27341 %: '. 
) .  

, 0.31057' . ..- 
2 .  

:. . . . . . '  , ? ' , O .  . 0.24493 ' .. 0.21881. - - . . 
13.0 0.22882 . . . . . .  . . . . . . . . . .  . , 0.25291: , . ' . ' ,  - - 
9. 0 :., . 0.20268 . , , - , ,  . . ' .  . 0.23140 . ' -- 

. ,0. 18656'. .' ! 10.0 ; '  . . . .  . . . 8. 21324' ' ..,. . '  . '. . - - 
1 .  : . . . . . .  
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I 1 - (~o~tinucd) . - ---- ._ 
I P 

0.19429 
0.19413 
0.13397 
C.19321 . 
0,19355 
G, i3349 
0.19333 
0.19317 
'C. 19SDl 
0,19285 
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FIGURE LEGEND 

1. Percent deviation of K' and Kd from K. . 
f . . I . . '  - , . .' , 





T h i s  r e p o r t  was p r e p a r e d  a s  an a c c o u n t  o f  Government 
s p o n s o r e d  work.  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 
m i s s i o n ,  n o r  any  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commission: 

A.  Makes any  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  any i n f o r m a t i o n ,  appa -  
r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes any l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  u s e  o f  any i n f o r -  
m a t i o n ,  a p p a r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  

A s  u sed  i n  t h e  above., " p e r s o n  a c t i n g  on b e h a l f  o f  t h e  
Commission" i n c l u d e s  any employee o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  employee o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  employee o r  c o n t r a c t o r  o f  t h e  Commission,  o r  employee 
o f  such  c o n t r a c t o r  prepares, d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  any i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment o r  c o n t r a c t  
w i t h  t h e  Commission,  o r  h i s  employment w i t h  s u c h  c o n t r a c t o r .  




