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The temperature field of moist bodies in the formofaplate, a hollow cylinder, and a hollow 
sphere is analyzed for general boundary conditions of the third kind at the inner and outer 

surfaces. 

The hea t ing  of bodies  of v a r i o u s  con f igu ra t i ons  f o r b o u n d a r y  condi t ions  of the th i rd  kind has beeh e x -  
a m i n e d  in [1]. In the case  of add i t iona l  heat  input by r a d i a t i o n  ( c o n v e c t i v e - r a d i a t i v e  des icca t ion)  at the b o u n -  
d a r i e s  of hollow bodies ,  it is advan tageous  to use  g e n e r a l  bounda ry  condi t ions  of the th i rd  kind (which di f fer  
at the i n n e r  and ou te r  su r f ace ) .  For  a p l a t e ,  we sha l l  e xa mi ne  a l so  a s y m m e t r i c  hea t ing ,  in  which case  the 
p la te  coo rd ina t e s  wil l  be chosen  s i m i l a r l y  to those of hollow bodies .  This  c o r r e s p o n d s  to the case  of a 
p l ane  i n n e r  channe l  with a width of 2r 0 and a wal l  t h i cknes s  of R - r 0. In the g e n e r a l  c a se ,  the e v a p o r a t i o n  
ra te  and the d e s i c c a t i o n  fac tor  d i f fe r  at the i n n e r  and ou te r  s u r f a c e s  of bodies .  

It is assumed [I] that the evaporation rate is constant during the initial phase of desiccation and that 

it varies with time according to a power law in the main phase. The value of qre is constant, since in the 
case where the temperatures of the radiator and moist body differ widely it is the radiator temperature 

that determines the value of qre. The problem is formulated as follows: 

O0 0 2 0  13 O0 
- -  + - -  - - ,  ( 1 )  

O Fo Or 2 r Or 

ro < r ~ l ;  F o ~ O ;  
R 

(2) 0(r, 0 ) =  0; 

0 0 ( I ,  Fo) _ K i , , -  Polexp(--  PdlFo) + Bi1[e~,--0(1, Fo)l. 
ar (4) 

F o r  a p la te ,  we have fl = 0; for  a c y l i n d e r  fi = 1, and for  a sphe re  fl = 2. The P o m e r a n t s e v  n u m b e r ,  
Po ,  c h a r a c t e r i z e s  the i n t ens i t y  of i n t e r n a l  nega t ive  hea t  s o u r c e s ;  in the case  of d e s i c c a t i o n ,  Po = KiMLuKo. 

We use Lap lace  t r a n s f o r m s  with r e s p e c t  to the F o u r i e r  v a r i a b l e  to solve the p r o b l e m  (1)-(4). 

The f ina l  so lu t ions  for  the t r a n s f o r m s  a r e  as fol lows:  

for  a p la te  
c o  
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ro ) sinIi~.R(1--r)/(R--ro)l+l~.cos[p..R(1--r)/(R--ro)], S~(V~)=Bi~ 1- -  R 

S~ (~.) = Bio (I -- R )  sin [Iz. (Rr-- ro)/(R-- to)] + ~. cos [~. (Rr--ro)/(R--ro)], 

W(9.)= [(Bio + Bil)( I - - - ~ - )  + 2 ] ~z sin ~. -- [BioBia ( 1 -- ~ ) 2  -- ~: ] (cos ~t. -- sing.), 

(Ki.~ + Bio 0~,)[Bii(1--r)+ 1]+ (Ki., + Bi~ 0r ( r - - R ) + l ]  
p-- 

Bio+Bi~+BioBi~(l--Rr~ ) 

POo [Bil sin 1, ~-Pd~- (1 -- r) + l~P--~-o cos 1,,/P~o (1 --  r)] exp (-- PdoFo) 

(Bio + Bix) t / Pdo cos V~P~-o (1-- ~- )  +(BixBio --  Pdo) sin V Pdo(1-- R )  

Pol[Biosin~fP-d~ (r---~ ) + V~P~ cos ~'Pd, (r---~ )] exp(--Pd~Fo) 

(Bio+Bi~) t' Pd~ cos l/Pd~ ( 1 - - R )  +(Bi~Bio-- Pda) sin ]/P-dT ( 1-- R )  ' 

where #n are the roots of the character is t ic  equation 

for a cylinder 

tg ~ = -- 
(Bio + Bi~) ( 1 - -  ro 

~ 2 (Mo--No ~) [Bil Voo (1~ r)-i-Ft~ Vao (~t~ r)l exp (--[~ Fo) 
0 (r, Fo) = p -- ~a~ (Pdo.  9~) ~P (1~.) 

tv=I 

_ ~ 2 (M~ -- N~ I~) [Bio Foo (1~ r) + ~ Fol (la~ r)] exp (-- ~ Fo) 
~ (Pd~ -- ~) ~2 (1~) 

p =  
(i(iTo + B i o 0 r  1 --~ Sil0ct) (Biolrl rR _[_ 1~,) 

, ro ro 
BioBilln ro _ B i l  R _Bio 

R ro 

Poo [Bi~ 17oo (V Pdo r )  -- 1/P-~o Vm 0/P~o r)] exp (--Pd~ Fo) 
Bi,BioVoo (V" Pdo)-}- ]/P-do [BilVo~ (V' Pdo)--BioVxo(} / Pdo)--VP~oVn(VPdo)] 

Po~ [Bio Voo (]/-P-~ r) -}- V P--~ Vo~ (]/-P~ r)] exp ( -  Pd,Yo) 

v~j (V V~o r) = J~ (VP~oo) rj ( V-~o r) --  r ,  (VV&) 4 (V ~oo r), 

Ykj ((Pdo) -- J.~ (I/P-do) Y~ Vr~-o --- Y~ (V-~o) J1 v Pdo-~- , 

(6) 

(7) 

(s) 

(9) 

(i0) 

( I I )  

(12) 

(13) 

(14) 

(15) 
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v~j (~. r) = J~ (~) Yj (~. r) -- Yh (e.) JJ (~. r), 

Fki (F~ r) = J~ (F. r) Yj ~t~ ~ - -  Y~ (~t~ r) Jj  F~ 

k = 0 ;  1; ] = 0 ;  1, 

w h e r e  # n  a r e  the r o o t s  of  the c h a r a c t e r i s t i c  e q u a t i o n  

Bi~Bio 17oo (~) + Bi~ 1~ Vo~ (~) - -  gio I~ V~o (Ix) - -  ~ V~ (1~) = 0; 

for a sphere 

(16) 

(17) 

(18) 

O (r, Fo) = p-- 2 (1-- ~ ) ~ d  { ro [ Mo(1-- -~ ) 2 -- No l~ ] Tl(~)/rR(po (~t~) 
n = l  

T1 (~.) = (Bil - -  1) ( 1 - -  ro ~ sin ll~. R (1 - -  r)/(R - -  ro)l + ~t~ cos ll~ R (1 - -  r)/(R -- to)], \ R ] 

Tz ([~,~) = -~o "r Bio 1 - -  R sin [[x,~ (Rr -- ro)/(R -- ro)] + t~,~ cos [Ix. (Rr -- ro)/(R -- ro)], 

ro(KiT.-4-Bio0r r ) - t - l l - -  R(KiT'+BilOc')[( R +Bi~ t~ ) ~ -  --I- 1 

rR Bil - -  -Ic BilBio -i- Bi, - -  BilBio rR Bi, ...... + BilBio + Bio 
ro ~ -  ro 

ro POo {(Bil - -  1) sin [VP-do (1 - -  r)] + V Pdo cos [l/Pdo (1 - -  r)]} 

pol{(~o +Bio)sin [ 1 / P ~ ( r - - ~ - ) ]  +~P~cos[ l /Pd~(r - - -~- ) ]}  exp(--PalFo), (2O) 

r { ( L o - - P d ~ ) s i n [ ~ ( l - - R )  1 + L ~  ~ c o s [ 1 / P d ~ ( 1 - - R ) ] }  

w h e r e  # n  a r e  the r o o t s  of  the c h a r a c t e r i s t i c  e q u a t i o n  

-') ( '-r~ ) 
tg ~ = R 

( r o  +Bio)(Bi,--1)(1 __~_)~__~2 
The v a l u e s  of  the f i r s t  r o o t s  of E q s .  (7), (18), and  (21) f o r  Bi 0 = Bi  1 = Bi a r e  c o m p i l e d  in Tab le  1. 

If b o u n d a r y  c o n d i t i o n s  of the  s e c o n d  kind (Bi 0 = Bi 1 = 0) a r e  g iven  at  the i n n e r  and  o u t e r  s u r f a c e s  of  
the  b o d i e s ,  the quan t i ty  p ha s  the fo l lowing  v a i u e s :  

(KIT~ -b KIT,) 

1 ro 
R 

Poo 

R KiTo(1--r)  2 . +  �9 

6 2 

Po~ Poo cos ]/P~o (i -- r) exp (-- PdoFo) 

+ POl cos V ~ - t  (1 - -  r) exp ( - -  PdtFo) . 
(22) 

for a plate 

1221  



TABLE I. Roots of the Characteristic Equations, # 

Bi 

0,2 

0 [0,000( 
0,0210,178~ 
0,0410,252~ 
0,0610,308( 
0,08 0,355c~ 

O,1]O, 3974 
0,2j0,558~ 
0,410,799~ 
0,610,942~ 
0,8[1,074~ 
1,0 1,186~ 
2,0]1,5824 
4,0/2,016c 
6,012,261 
8,0 2,418 c 

10,012,5292 
2O ,012,795( 
40,012,9574 
60,013,016t 
80,013,046t 

100,0 3,0651 
o~ 3,141( 

fo r  a cy l i nde r  

§ 

Roots of equation (7) Roots of equation (18) Roots of equation (21) 
(plate) (cylinder) (sphere) 

rofR 
0,4 I 0,6 o,8 0,2 1 0,4 I 0,6 0,8 o,2 [ 0,4 I 0,6 0,8 

I 
O,000010,000C 
O, 154810,1264 
O, 218710,1786 
0,2675/0,2187 
0,3086]0,2523 
O, 344710, 2819 
~), 4851 IO, 3973 
O, 6792 O, 5583 
9,8239/0,6792 
0,9423 O, 7729 
1,043610,8657 
1,410211,1865 
1,8357]1,5828 
2,089811 , 8350 
2,261212,0169 
2,386012,1538 
2,6992]2,5292 
2,9011 ]2,7956 
2,976712 , 9011 
3,016212,9575 
3,0404 2,9923 
3,14163,1416 

o oooolo,oooolo oooolo ooo  
0,093210,1796]0,253210,314~ 
O, 126410,2409]0,361310,443~ 
O, 154810,299510 , 443210, 5449 
O, 178610 , 3411 I0,5131 I0,629r 
O, 199710,381610,572410,7043 
0,2819[0,527110,8448[0,9927 
O, 397910, 9837[1,1291]1,3951 
O, 4851 [ l, 1694/1,3700 I1, 6971 
O, 5583 I1, 330911,565811,9467 
O, 622111,4670[1,733412,1622 
O, 865711,942212 ' 3373]2,9621 
1,1865]2,4552[3,034213,9467 
1,410212,741713,4487 4,5766 
1,583012,927813,7165 5,0268 
t ,7207 3,057913,8819 5,366g 
2 ;I 538[3, 379514,446616,2998 
2,5292]3,580114, 7805 6,9626 
2,699213,654414 , 906017,2261 
2,7956]3,6930[4,9725]7,3672 
2,857813,7167[5, Ol 3217,4547 
3,1416 3,8211 5,183417,8312 

I 

o oooolo oooo o oodo oooc 
0:4442 O: 1999!0:1636 O: 128 c 
0,630210,2830[0,2311[0,182~ 
O, 7723 O, 3459 O, 2825]0,2231 
O, 893410,3984]0,3255[0,257~ 
0,9984 O, 4448 O, 363710 , 287( 
1,493610,6238 O, 5113 0,405 ~, 
1,9863f0,8672 O, 7145 O, 568~ 
2,424711,0445[0,864910,691 
2,7911 1,1865 0,9873 0,793~ 
3,1103 1,3053 1,091510,8807 
4,3276/1,711511,463311,2041 
5,9310/2,128611,883611 , 5996 
7,042112,349612,129011,851( 
7,907112,488612,292912,0307 
8 598712,5848 2,4108 2,165C 
0,762112,818312,7101/2,5351 
2,6373 2,9647 2,9047 2,797 c 
3,4850 3, O198 2,9784 2,9022 
3,9684 3,0486 3,0172 2,958e 
4,278213,0665[3,0411/2,9927 
5,6820]3 141613,141613,141{~ 

P - -  1 Kilo 2Fo + 

P--(  Rro Rr~ ) 2 

Ki,, 2Fo _RR q_ 
R ro ro 2 \ ro 
ro R 

Poo [ 2 
R ro 

Pdo ~ o  R 

Pol [. 2r~ 
Pdl R~ - -  ro2 

 -rA ] 
ro R 3 

ro R 

-~- 570+ 

VI Pdo Vlo (V~oo r) exp (-- PdcFo) ! 
v. (VVfoo) j 

V,o (VPd] r) exp (--  Pd,Fo) ] . 
Vn (V Pdl) J 

9,0000 
0,0898 
9,1269 
0,1555 
3,1793 
0,2005 
0,2831 
[), 3990 
~, 487O 
D, 5605 
~, 6245 
~, 8687 

,1900 
,4137 
�9 5855 
,7240 

',, 1561 
12,5304 
2,6998 
2,7961 
2,8580 
3,1416 

f o r  a s p h e r e  
[ 

Kilo 13Fo  q- 1 3 P 
P =  R ro2 r 2 - t - 2  [ 

ro R ~ 

§ 
F 

Kir | R PR 3to 
R r~ 2 [ 3 F o  fi- r0 2ro 2R 
ro R 2 

lO ro~ g3 - 1  
R rg 
ro R z 

I0 t o  a R2. q - - ~ -  1 - -  1.2 
_2% 

+ rR ~ R r~ 

3Poo 3Poa R 

ro R ~ 

+ 

r~ 4 
ro R ~ ) 

Poo [ g - ~ o  cos g - ~ o  (1 - -  r) - -  sin V - ~ o  (1 - -  r)] exp ( - -  PdoFo) 

r -R-R r 1/P~o ( R  --1)cos,/P~o ( 1 - -  R ) - - ( P d ~  ~ s inl f~oo(  1 - r ~ ~  ] ]  
\ roJ \ RJJ rok \ r o  

(r-- + / 1 
r R 1 coSl/f f~l  ( - - ( P d l  - R  s in r /Pd l (  " [ V ' ~  (-~-o - -  ) l - - R )  ~ o )  l - - R ) ]  

J 

(23) 

(24) 

1 2 2 2  



In e x p r e s s i o n s  (5), (8), (19): 

Mo = Pdo (Kilo + Bio 0Co), 

No = Ki~-o + Bio 0co - -  Poo, 

M1 = Pd~ (Ki~, + Bil 0~,), 

N1 = Ki~, + Bil 0c~ - -  Pov 

(25)  

F o r  d e s i c c a t i o n  d u r i n g  the in i t i a l  p h a s e ,  P d  = 0; for  he a t i ng  of d r y  b o d i e s ,  P c  = 0. F o r  r 0 = 0 ( c o r -  
r e s p o n d i n g l y ,  s e t t i n g  a l l  d i m e n s i o n l e s s  n u m b e r s  which  r e f e r  to the i n n e r  s u r f a c e  of the body equa l  to z e r o )  
and  KiT1 = 0, we ob ta in  the s o l u t i o n s  fo r  so l id  m o i s t  bod ies  wi th  b o u n d a r y  cond i t ions  of the t h i r d  k ind  tha t  
a r e  g iven  in [1]. 

By a s s u m i n g  tha t  the v a l u e s  of Bi tend  to in f in i ty ,  o r  that  the c o r r e s p o n d i n g  v a l u e s  of Bi  of Ki T a r e  
z e r o ,  f r o m  the g e n e r a l  e q u a t i o n s  (5), (8), (19), one can  ob ta in  s o l u t i o n s  fo r  v a r i o u s  c o m b i n a t i o n s  of b o u n d a r y  
c ond i t i ons  of the f i r s t ,  s e c o n d ,  and  t h i r d  k ind  at  the o u t e r  and  i n n e r  s u r f a c e s  of m o i s t  ho l low b o d i e s .  

r 0, R, x 
t o, t ,  and tc 

0 = (t - t o ) / t o  
0 c =  (t c - t o ) / t  o 
r = x / R  
m 

P 
k 
T 
q r e  

c, 7 
Fo = al-/R 2 

Ki T = qreR/kt0 
KiM = mR/a 'u 7 

Lu = a'/a 
Ko = p u / c t  o 
P o  = p m R / X t  o 
P d =  k R 2 / a  

Jkj, Ykj 
Bi = e~ R/X 

NOTATION 

are the inner, outer, and instantaneous coordinates of a body, respectively; 

are the inner and instantaneous temperatures of a body and the ambient temperature, 

respectively; 
is the dimensionless temperature of body; 

is the dimensionless ambient temperature; 

is the dimensionless coordinate of a point on the body; 
is the maximum rate of moisture evaporation (referred to the unit area of the body); 

is the heat of evaporation; 

i s  the d e s i c c a t i o n  c o e f f i c i e n t ;  
i s  the t i m e ;  
i s  the  t h e r m a l  r a d i a t i o n  f lux  a t  the b o d y ' s  s u r f a c e  ; 
i s  the h e a t - t r a n s f e r  c o e f f i c i e n t  a t  the b o d y ' s  s u r f a c e ;  
a r e  the t h e r m a l  d i f fu s iv i t y ,  t h e r m a l  c o n d u c t i v i t y ,  m a s s  t r a n s f e r ,  and in i t i a l  m o i s t u r e  of 
the  body ,  r e s p e c t i v e l y ;  
a r e  the  hea t  c a p a c i t y  and d e n s i t y  of the body ,  r e s p e c t i v e l y ;  
is  the  F o u r i e r  n u m b e r ;  
i s  the  K i r p i e h e v ' s  h e a t - t r a n s f e r  r a t i o ;  
is  Lhe K i r p i c h e v ' s  m a s s - t r a n s f e r  r a t i o ;  
i s  the  L y k o v ' s  r a t i o ;  
i s  the K o s s o v i c h ' s  r a t i o ;  
is  the P o m e r a n t s e v ' s  r a t i o ;  
is  the P r e d v o d i t e l e v ' s  r a t i o ;  
are the Bessel functions of the first and second kind; 

is the Blot number. 

S u b s c r i p t s  

deno t e s  the i n n e r  s u r f a c e  of the body;  
deno t e s  the o u t e r  s u r f a c e  of the  body;  

%(~n)=Pdo( 1 ro'~ 2 (1--r~ - ~ - }  - ~n; ~ (~.) = Pd~ ~ ] n, 

L0=(r~+Bi0)(Bil--1); Ll=Bi0+Bil-)u~R --l.r0 

1. 
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