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Resul ts  a re  shown of a theore t ica l  and exper imenta l  s tudy concerning the desubl imat ion of 
wa te r  vapor  at a f lat  sur face .  

T rans fo rma t ion  of water  vapor  into the solid s tate  (desub l imat ion)occurs  always in the p resence  of 
some  noncondensing gases .  In the mos t  impor tan t  p rac t ica l  cases ,  however,  the quantity of such inclusions 
nea r  the phase - t r ans i t ion  in te r face  is so  smal l  that  they do not apprec iably  affect  the p rocess .  The authors 
consider  here  just such a case ,  under the assumpt ion  that the p r e s s u r e  of the ambient  vapor  and the t e m -  
pe ra tu re  of the heat  sink sur face  a re  maintained constant  throughout the p rocess .  

A pecu l i a r i ty  of the desubl imat ion p roces s ,  in con t ras t  to vapor  condensation into the liquid state,  is  
i ts  t r ans iency  caused by d i sp lacements  of the phase - t r ans i t i on  boundary. For  an analytical  study of the 
p roces s ,  we will f i r s t  de te rmine  the t empe ra tu r e  cha r ac t e r i s t i c s  of the in terphase  sur face .  Dis regard ing  
the specif ic  heat  of ice and vapor ,  and assuming a condensation fac tor  in the H e r t z - K n u d s e n  equation o f  
unity, we obtain the following express ion  for  the t e m p e r a t u r e  at that surface:  

~1Tph- T~ ~/fl 2~--~p h -- 1,185. 10 -z (p - -Pph)r .  (1) 

The solution to this equation is presented graphica l ly  in Fig. 1. Evidently, the di f ference between s a t u r a -  
tion t e m p e r a t u r e  and phase - t r ans i t ion  in te r face  t e m p e r a t u r e  is ve ry  smal l  (not more  than 5% of the to ta l  
t e m p e r a t u r e  drop ac ro s s  the ice layer)  and d e c r e a s e s  fas t  with a th icker  ice layer .  We may the re fore  
a s sume  Tph = T s. With this assumption,  the prob lem can be formula ted  mathemat ica l ly  as follows: 

OT1 a 02T1 
0 ~ =  i Ox 2 (r>O; O < x < [ ) ,  (2) 

OT2 ( 91 ~ 1 )  OT~ d~ O~T= ".r> 

The boundary conditions a re  

with known solutions [1]: 

T I = T 2 = T  s =const  at x=~(x) ,  (4) 

T 1 = T O = const at x = 0 and "r ~ 0, (5) 

T~ = g v = const at x--+ co, (6) 

~'10T1 - -  ~ OT~ = pl r ~ at x =  ~, (7) 
a ~  

T I = T o +  T s - - T ~  err x - - - - ,  (8) 
err ~ 2 lfal* 
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Fig. 1. Tempera tu re  difference AT = T s - T 6  as a function of the ice layer  thickness 
(m), at var ious p r e s su re s  p and t empera tu res  To: 1) T o = 213~ 2) 233; 3) 253; a) p = 4.5 

mm Hg; b) 2.5; c) 0,5. 

Fig. 2. Schematic diagram of the operating par t  of the tes t  apparatus: 1) beaker;  2) heat 
sink element;  3) glass cylinder;  4) buffer space; 5, 6) connecting tubes; 7) thermocouple;  
8) retaining ring. 

Tz = Tv - -  Tv--  Ts I x 
( Pl l / - a ' t  erfc 

erfc t3-77. V a~ / 

Fac to r  fl is determined f rom the equation: 

- - - I - ( P - ~ - - I )  l ~ | / f  a-~-I - i ~  az _1 

exp(--[ 82) s Ts)exp[_  t82 ( Pa / 2 a , ]  

[8 err I~ [87~, ] / ~  (rs _ To) erfc [[8[ [02P1 ~ a--~- ]~ ..(r,-ro) 

(9) 

(10) 

The boundary displacement  is determined f rom the re la t ion 

= 2~ Y ~ ,  (11) 

and the quantity of desublimated mass is found by the formula  

m = 2P,13 l / ~ .  (12) 

In o rde r  to ver i fy  these resul ts ,  the authors undertook an exper imental  study. The tes t  apparatus 
consisted of a vapor  genera tor ,  a buffer space,  a p re s su re  measur ing system,  a main and an auxi l iary con- 
denser ,  and a model VN-2MG vacuum pump. A schemat ic  diagram of the test  segment is shown in Fig. 2. 
Vapor was generated f rom distil led water  careful ly  degassed beforehand. The heat sink e lement  was made  
of copper with an active surface  a rea  of 6.15 �9 10 -4 m 2. In o rder  to ra i se  the hea t - t r ans fe r  ra te ,  this e le -  
ment was finned on the coolant side. A mixture  of solid carbon dioxide and alcohol served as the coolant. 

The t empera tu re  of the desublimation surface  was measured  with three co p p e r - co n s t an t an  the rmo-  
couples. The total p r e s su re  in the buffer space was checked with a U-tube vacuometer  filled with dibutyl 
phthalate. 

The tes t  was performed in the following sequence. F i r s t  the sys tem was evacuated down to 5 �9 10 -3 
mm Hg through the connecting tube 5. Then beaker  1 was filled with a mixture  of alcohol and solid 'carbon 
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TABLE 1. Values of fl Calculated for  va r ious  Values of the Thermodynamic  P a r a m e t e r s  
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Fig.  3. Compar i son  between theore t ica l  and ex-  
pe r imenta l  values of desubl imated vapor  m a s s  
{kg/m3). T e m p e r a t u r e  of the heat  sink sur face  
218~ Calculated resul t s :  1) p = 4.5 m m  Hg; 2) 
2.5; 3) 0.5. Tes t  resul ts :  a) p = 4.5 m m  Hg; b) 
2.5; c) 0.5. Time r - 1 0  -1 sec  along the ax i s  of 
absc i s s a s .  

dioxide. After  a s teady t e m p e r a t u r e  had been reached 
(-55~ in our test) ,  vapor  was fed to the heat  sink 
sur face  2 and into the buffer  space  4 through the 
connecting tube 6. The vapor  supply was regulated 
so as to mainta in  a constant  p r e s s u r e  in the buffer  
space  throughout the p rocess .  After  a definite i n t e r -  
val  of t ime,  the s y s t e m  was shut off fo r  measur ing  
the thickness  and the weight of the desubl imate .  The 
m e a s u r e m e n t  e r r o r  did not exceed 0.1 m m  in th ick-  
ness  and 0.05 g in weight. 

The tes t  values (averages of five m e a s u r e -  
ments) and the theore t ica l  va lues  of desubl imated 
ice m a s s ,  per  unit sur face  a rea ,  a re  shown in Fig. 
3 .  The dif ference between tested and calculated va l -  
ues of desubl imated ice does not exceed 10% here.  
In addition, we also studied the effect  of vapor  s u p e r -  
heat  on the p r o c e s s k i n e t i c s .  Even at 100~ s u p e r -  

heat was found not to affect the desublimation ra te  appreciably,  in complete agreement  with theory.  Thus, 
our resul ts  indicate that the quantitative relat ions have been based on co r r ec t  assumptions.  

Considering that the calculation of/3 f rom Eq. {10) presents  cer ta in  difficulties,  it  is worthwhile to 
have s impler  formulas  fo r  this purpose.  The f i r s t  simplified re la t ion is eas i ly  derived by assuming T v 
= Ts, when (10) becomes 

[~ exp [~'erf [~ - -  ci (Ts - -  To) '(13) 

Fur the rmore ,  by expanding both the exponential and the e r r o r  function into se r i es ,  with all except 
the f i r s t  t e rm omitted, we have 

1//.  cl (Vs - -  To) (14) 
V 2r 

This r e su l t  can be obtained d i rec t ly  with a s t eady- s t a t e  t e m p e r a t u r e  field assumed in the ice layer .  

In o rde r  to a s s e s s  the feas ib i l i ty  of using fo rmulas  (13) and (14) instead of (10), fac tor /3  was ca l -  
culated by all three  fo rmulas  with the values  of the the rmodynamic  p a r a m e t e r s  corresponding to typical  
indust r ia l  subl imat ion appara tus .  The r e su l t s  are  shown in Table 1. It appears  that fl can, within sufficient  
accuracy ,  be calculated by fo rmula  (14). 
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N O T A T I O N  

T o is the tempera ture  of the heat sink surface;  
Tph is the tempera ture  of the interphase boundary surface;  
T s is the saturat ion temperature ;  
Tv is the vapor  tempera ture ;  
X is the thermal  conductivity; 

is the ice l ayer  thickness;  
r is the heat of desublimation; 

is the molecular  weight; 
p is the ambient vapor p ressure ;  
Pph is the vapor  p ressu re  on the interphase boundary surface;  
a is the thermal  diffusivity; 
p is the density; 
~- is the t ime; 
x is the space coordinate; 
/~ is a factor ;  
m is the mass ;  
e is the specific heat. 

S u b s c r i p t s  

1 denotes the ice; 
2 denotes the vapor. 
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