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Amomwia-HoHaaaHa BoaMoif(HocTb nepexoaa OT cmTemI Tpex nmelHbIx m$@epeaqaa- 
AbHbIX ypaBHE!HIlii BbICOKOHHTeHCHBHOl'OTeIIJIO-&IMaCCOOheHa (1-3)K 06bI'JHbIM J'paBHeHHXM 
'TeIIJOIlpOBO~HOCTH @ypbe (20-22) AJIFI KOM6HHMPOBaHHOf4 @J'HKWWl (&-+ ni8 + U,P) 
TeMnepaTypbI T, Baaroco~epxaHnH ti II II36bIT09HOPO ~aB.neHmrr P. %CJIam,,& II Yi BbIpaFKa- 

IOTCR Yepea KO3~~~H~~IeHTbI HCXO~HOii CLlCTeMbI (1-3). 

NOMENCLATURE 

p, overpressure ; 
0, moisture content; 
T temperature ; 
E, phase transformation criterion; 
Bu, Bulygin number ;* 
Fo, Fourier number, 
Ko, Kossovich number;* 
Lu, Luikov number;* 
Pn, Posnov number.* 

UNDER very intensive drying processes, 
transference of liquid and vapour in material 
takes place both under the influence of moisture 
content and temperature gradients and under 
the influence of an excess pressure gradient. 
Lebedev has determined by his experiments, for 
example, that, when drying wood by means of 
high-frequency currents and infra-red rays, 
about a half of all the moisture is removed as 
vapour under the influence of an excess pressure 
gradient. Analogous conditions are created under 
conductive-convective drying of paper and 
other materials. To calculate such processes of 
drying Luikov and Mikhailov [2] have proposed 
a system of three differential equations which, 
in a dimensionless critical form, can be written as 

CT = V2T _ Ko !! 
aF0 

6 
~Fo’ (1) 

ii! = Lu’iW - LuPnV2T - Lup g V2P, (2) 

(3) 

Here T, 19 and P are dimensionless potentials of 
heat, mass and filtration transfer, respectively. 
We shall consider a general case when T, 0 and P 
are the functions of independent dimensionless 
variables x, y, z and Fo. The other symbols 
used here are well known. 

At present, only separate solutions of parti- 
cular cases of this complex system have been 
published. We shall mention only an interesting 
solution given by Prudnikov [3] which was made 
for an analogous system. The analysis of this 
solution showed that the system of differential 
equations (l-3) can be reduced to a considerably 
simpler system of three common equations of 
heat conduction for the combined function 
(mT + n0 + rP) where m, n and Y are numericals. 
For this purpose we shall apply the method used 
previously in [4,5] for a system of two equations. 
Having determined V2T from equation (1) and 
V2P from (3) and using them in (2), we shall 
rewrite them as follows: 

(1’) 

&P,,Ko-~+ 
I 

* The definition of these criteria is given in [l]. 
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E Ko ae 1 
_t PncKo 

I-’ Lup Bu 8Fo’ 
(3’) B =[l +& 

1 ~~~ Lup 
t(l -- ‘jLU I (8) 

Multiplying equations (1’), (2’) and (3’) re- 
spectively by the numbers m, n and r (which will 
be defined later), and adding them, we find: 

r 

Y2 (mT+ntl +rPj = aco (m + nPn)T 

&+PnrKo--EL _t mcKo 

E Ko - r Lup.Bu 

Equation (4) is transformed into a common 
heat-conduction equation for the function 
(mr + nfI + rP) when the following conditions 
are fulfilled : 

m + nPn 

or 

(3 

Now let us find the numbers p2, m, n and r having 
expressed them by means of the coefficients of 
system (l-3). Eliminating n/m, n/r and taking 
inverse ratios from equation (5), we get a cubic 
equation for definition of p2: 

,Jj - AI*4 + BP2 - C = 0 
(6) 

A_l+~~r+Pn.Ko+(l-r)~~ (7) 

Substituting S for p2 - A/3, equation (6) is 
transformed to 

S” + Ds 7 E = 0 00) 

where 

(11) 

and 

E = _ 24” AB 27 - -m3 - c. (12) 

The cube roots of equation (10) are defined by 
the formula 

= 2, + z2 (13) 

where the following condition should be fulfilled : 

z, . z, := - ;. (14) 

Cubic equation (IO) has three different real 
roots, for 

,52 D” 

4 
q- jj < 0. (19 

We shall consider only the case when the 
roots of the cubic equation are all real and 
different. Having calculated the roots of equa- 
tion (10) and hence of equation (6) we shall find 
three numbers &, & and pi. Using consecutiveiy 
the numbers &, $ and p:j in equalities (5) and 
(5’) we shall get six independent equations for 
calculation of six ratios or nine unknown 
numbers. Assuming that m,. nl and r3 equal 
unity, we obtain 
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m, = 1 

nr 
_/L;-1 

Pn 
(#&T - 1) LUPBU 

r1 = -~ PnLuKo (&Lup - 1) 

Pn 
lllz = gq 

iI? = 1 
LupBu t_ = .__*~___ 

(~~LuP - 1) LuKo 

(17) 

(&Lup - I) LuKo 
% = ----~-- LupBu 
1’3 =l. 

i (18) 

Using the values ml, tti, ri and CL: found, equa- 
tion (4), equivalent to system (l-3), may be 
written as follows: 

V2fmiT _t n,@ + rip) 
I 

= p; & (m,T + nitI + r$} (19) 

where i = 1, 2, 3. 
Assuming 

we get the following final system of equations 
instead of (1-3) : 

= KxK,,G2(T + n,B + rIPj (20) 

a& {m,T + 8 -t- rzPj 

= K2.~~2(m,T -j- 0 + rzP> (21) 

& (m,T + n,@ -j- P) 

= K3,C2{m,T + I@ + P}. (22) 

Solving heat-conduction equations (20-22) 
under the boundary conditions of the first, 
second and third kind, we get-the solution for 
the combined function (miT + n&I + rip). 

Designate these solutions through fi (x, y, 2: 

Fo), f2 (x, y, 2, Fo) and f3 6, Y, 2, W, re- 
spectively, then 

T+nlO+rIP=.& (23) 

m,Tf0+i;P=f2 (24) 

m,T + n&J + P = fg. (25) 

Each of the functions T, 13 and P can be ex- 
pressed directly by means of the functions .fi, .fi 
and f 3. 

Using for this purpose common and functional 
determinants, we obtain for the unknown 
functions T, 0 and P the values 

6 2) (27) 

P ;A;, 

where 

The substitution of a complex system of 
differential equations (l-3) for three common 
heat-conduction equations of the same type has 
a great practical value. It is difficult to get a 
solution of a system of equations (l-3) even for 
a one-dimensional heat-transfer problem. These 
difficulties arise considerably when two- and 
three*dimensional problems of heat and mass 
transfer are solved. 

At the same time, many solutions of one-, 
two- and three-dimensional heat-conduction 
problems for the most common boundary condi- 
tions are known. All these solutions with the 
above-mentioned method may be easily used 
for description and calculation of a number of 
heat- and mass-transfer processes. 
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The presentation of solutions in the form 2. 
(26-28) is very convenient for finding and 
calculating the rate of heating of a material, 
the rate of moisture content and of excess 

3 
’ 

pressure variations, as well as for determining 
their interconnexion. 
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Abstract-This paper shows the possibility of transition from a system of three linear differential 
equations of highly intensive heat and mass transfer (l-3) to ordinary Fourier heat conduction 
equations (20-22) for the combined function (miT + n,6’ + r;P) of temperature r, moisture content 8 
and excess pressure P. The numbers m,, n, and ri are expressed by the coefficients of the 

initial system (l-3). 

R&sum&Cet article montre la possibilitC de passer du systeme des trois Cquations diff&entielles 
lintaires du transport de chaleur et de masse intensif (l-3) aux equations de Fourier ordinaires de 
conduction thermique, pour la fonction composCe (miT i- n# -!- r,P) de la tempkrature r, de la teneur 
en eau 0, et de la pression P. Les nombres mi, n, et ri sont exprimCs par les coefficients du systeme 

initial (l-3). 

Zusammeufassung-Fiir sehr intensiven WBrme- und Stoffiibergang wird eine Maglichkeit gezeigt. 
das System der drei linearen Differentialgleichungen (l-3) in gewhhnliche, Fourier’sche Gleichungen 
fi.ir Wgrmeleitung (20-22) iiberzufiihren. Dazu wird eine kombinierte Funktion (m,T + n,B -iI r,P) 
der Temperatur T. des Feuchtigkeitsgehaltes 0 und des ijberdruckes P verwendet. Die Zahlen 177,. ii, 

und ri sind durch die Koeffizienten des Anfangsystems (l-3) bestimmt. 


