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It was shown that, under thermal loads that are sufficiently larger (smaller) than a certain value, the heat 

transfer coefficient for porous-sublimation cooling increases (decreases) with an increase in the thermal load. 

During porous-sublimation cooling (PSC) I1-6], heat is removed from the cooled surface (see Fig. 1) through the 

porous skeleton and is transferred to a solid refrigerant located in the pores. The vapor formed at the sublimation front moves 

through the pores to the surface from which the vapor is evacuated, and the front moves toward the cooled surface [1, 4]. 

In comparison with other methods of sublimation cooling [7, 8], PSC considerably improves the heat transfer 

between the cooled object and the refrigerant [2, 4, 5]. In addition, in contrast to contact sublimation, porous-sublimation 

cooling does not require mechanical devices to press the solid refrigerant to the cooled surface, thus making it possible to 

sufficiently simplify the design of sublimation systems and to improve their reliability. 

Heat transfer efficiency in sublimation cooling is characterized by the heat transfer coefficient [4, 7, 8] 

czo = qo/(To - -  TL ), 
(1) 

where T L = Ts(PL). In the case of contact sublimation, % increases with an increase in qo [7, 8]. The same effect of qo on 

a o has been observed in experiments on PSC [2, 5]. We will show that in PSC the coefficient % grows with an increase in 

qo only for sufficiently large qo, whereas for small % the value of % should decrease as qo increases. 

Substituting the expressions [2, 4] 

To = Tz-~ qoI/Zo Tz = 2o)1n-1 (6~/W), W = p2 + 2q00c (L - -  1)/(o)kc), (2) 

l = L - -  qot/(peCesy ), co = ?,u/R, 0 L = TL~I (TL), 8, )~c -- const 

into (1) and using for the saturated pressure the pressure relation [7] 

P~ (T) = 6exp (--co~T), 

(3) 

(4) 

we can show that, for time-independent qo and PL, the sign of the derivative 0%/0% coincides with the sign of the quantity 

J -: a13] {exp [2 ([3c - -  13,)1 - -  1 } 7- 13c {13z § exp [2 (13z - -  [3;)1 - -  1 } ---[3y, (5) 

where 

k,. Z [~L 13 L r co 
- 20L~o ' = - ~ [ ,  ffz= Tl 
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Fig. 1. Sketch Of sublimational cold accumulator with heat 

conducting porous skeleton: 1) cooled surface; 2) 

evacuation surface for the solid refrigerant vapors; 3) 

sublimation front of  the solid refrigerant; 4) region 

containing the solid refrigerant; 5) region not containing the 

solid refrigerant. 

If PL, q0 = const, then T l = T/[/(0] (see (2), (3)), while the quantities TL,/3L, and a are constant. In this case, the quantities 

/3/, J, a o, O~o/Oqo can be considered to be the functions of the variable H = L - l(t), where H = H(t) is the distance 

between the sublimation front and the vapor evacuation surface. Note that T/ _> T L (see (2)-(4)), i.e., /3L ~ /31, and the 

value of H grows in the porous-sublimation cooling process and, at any qo, varies from 0 up to L. From (2)-(4) we find 

exp t2 (I~L - -  f~31 = 1 + - -  - -  

H qo , (6) 
L q,  

where 

cok,,P~ (7) 
q* = 20LL 

At the initial stage of  cooling when H/L ,~ q*/qo, from (6) we have/3 L - fit "~ 1, i.e., the exponential functions in 

(5) can be expanded into a series in powers of f l L  - -  /31 and, with accuracy up to order ( /~L  - -  /3Z )2, we obtain 

d = (l~z - -  [3z) (2o'[~ + [~t - 2~L). 
(8) 

Since HE > /3l, the sign of J in (8) is determined by the sign of the quadratic trinomial 

v (~3 = 2 ~  + [~ - 2I~L. 

Clearly, this trinomial has two real roots, and of  the curve V = V(~l) is convex downwards, while V (0) = -2 /3L < 0; V(t31) 

= flL(2a/3L -- 1) _< 0, since 2a/3L --<- 1 (the latter inequality follows from the condition of  stability of  the planar form of 

the sublimation front [3, 4] P~(Tt) _ (XJ%) (TL/OJ) 2 OL at T l = T 0 .  Therefore,  the roots of  the trinomial V(/3t ) satisfy the 

conditions/3to) < 0,/31(2) >- ilL, and the trinomial V(/31) itself is negative for 0 < /31 < /3L. Thus, at the initial stage of 

cooling, when H/L  ,~ qdqo, we have J < 0, that is, OOto/0qo < 0, and the heat transfer coefficient e~ o falls with an increase 

in the thermal load qo. 

If  qo "~ q* (small loads), then Hqo/(Lq.) ,~ 1 for any H, since H _ L. In this case, from (6) it follows that/3 L - 

/3l "~ 1 throughout the whole cooling process, i.e.,  relation (8) and the condition Oe~0/Oqo < 0 are valid for any H. Therefore, 

under small thermal loads, when qo < q*, the heat transfer coefficient ao decreases with an increase in the load q0. 

Consider the case of  large thermal loads, when qo ~" q.. In this case, qo/q. >> 1, and from (6) it follows that/3 L - fiz 
< 1 only at the beginning of  the cooling process when H/L < 1. Thus, for most of the cooling period, we have/3L - /31 ~" 
1. At the same time, exp [2(/3L - fit)] >> 1, expI2(fi t - / 3 0 ]  < 1, and from (5) we obtain 
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o r ~ (s132 exp t2 ([]L - -  ~;)] § [~s ((3; - -  1) ~ 13~. (9) 

Provided that/31 = o:/T l >> w/Ttr ~, 1 (see [2, 4]), in (9) we can disregard unity in comparison to flu and, taking into 

account 3L --> 31, we obtain J > 0. Thus, under large thermal loads, when q0 ,> q*, for the greater part of the cooling 
period the condition &%/0qo0 is satisfied, i.e., the heat transfer coefficient ot o increases with an increase in the thermal load 

qo. 
As is shown above, independently of the relation between q0 and q., at the beginning of sublimation when H --, 0, 

the condition 0ao/0qo < 0 is fulfilled. In connection with this, let us present a sufficient condition for the positiveness of the 

quantity 0O~o/0qo. Using (1)-(4), (7), we can show that the sign of 0ao/0qo coincides with the sign of the expression 

Hqo [ Ti P t (t0) -----~ q- Tz 1 --  TL , 
o) ( l + r )  

where I' = Hqo/(Lq.) > 0. It is obvious that Hqo/Xc -> 0, Tl/~O <_ Ttfl~0, I'/(1 + I') < 1. Thus, expression (10) is 

positive if 

T z ( 1 - -  Tc]r/--, Tz. ~ 0 ,  

from which, using (2)-(4), we find that the sufficient condition for a%/0qo being positive has the form t > t., where 

and t is the time elapsed since the cooling began and 7- is the total cooling time (l(7-) = 0). 

CONCLUSIONS 

1. An equation was obtained [Eq. (7)] for the critical thermal load q,, characterizing the dependence of the heat 

transfer coefficient ot o on the thermal load qo in porous-sublimation cooling. 
2. For qo "~ q*, an increase in the thermal load qo is accompanied by a decrease in %; however, for qo >> q*, ~ 

increases with an increase in qo during the greater part of the cooling period. 
3. At the beginning of the process, when the time of cooling t ---, 0, the coefficient a o falls with an increase in qo 

independently of the relationship between qo and q,. 
4. If qo >q*, the sufficient condition for the increase in c~ o with an increase in qo has the form t > t., where t .  is 

defined by Eq, (11). 

NOTATION 

(~, heat transfer coefficient; q, heat flux density; T, temperature; P, pressure; t, time; 1, coordinate of" the 
sublimation front; X, thermal conductivity; L, thickness of the porous solid; k, permeability; % specific heat of sublimation; 
/z, molecular weight of the refrigerant; R, universal gas constant; ~7, coefficient of the dynamic viscosity of refrigerant 

vapors; p, density of the solid refrigerant; t ,  porosity; e s, fraction of pore space occupied by the solid refrigerant; H, 
distance between the sublimation front and the vapor evacuation surface; ~-, time of the complete sublimation of the 

refrigerant. Indices: 0, surface being cooled; L, vapor evacuation surface; s, saturated state of the solid and gaseousphases 
of the refrigerant; c, porous skeleton; l, sublimation front; tr, triple point. 
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