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ABSTRACT

INTEGRAL TEMPERATURE, MEASURE OF NUS-
SELT, MEASURE OF BIOT, MEASURE OF BOLTZMANN, 
MEASURE OF KONDRATIEVA, MEASURE OF KOSSO-
VICH, THE RATE OF HEATING WET BODY, THE RATE 
OF REMOVAL OF MOISTURE, THE SPEED OF DRYING

The results of the research of fabrics drying by 
thermo-radiation methods of similarity theory of 
heat mass exchange and regular heating mode of 
wet bodies at a constant temperature of the heat car-
rier are presented in this article. It allows to obtain 
the empirical equations for calculation of the main 
characteristics of fabrics drying kinetics on the ba-
sic of the Boltzmann's radiation measure. The rate of 
heating of wet body and rate of loss moisture were 
determined. The proposed method of research can be 
used for the calculation of drying kinetics of various 
wet materials  and saves time and money for carrying 
out the experiment and reduces the amount of com-
putational work.
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0 = 0,058  /  ·° ; ñ0 = 1600 /  ·° ; 0 = 0,058  /  ·° ; ñ0 = 1600 /  ·° ;

W, % 0 ,
 /  ·°

, 
 / 3

ñ,
 /  ·°

à, 
2 / 

W, % 0 ,
 /  ·°

, 
 / 3

ñ,
 /  ·°

à, 
2 / 

90 0,187 759 2825 3,14 160 0,276 675 3150 4,67

80 0,173 713 2750 3,17 140 0,248 637 3060 4,58

60 0,144 640 2569 3,15 120 0,219 587 2960 4,537

50 0,13 600 2462 3,16 100 0,19 537 2840 4,49

40 0,116 556 2339 3,24 80 0,161 482 2690 4,48

20 0,087 488 2031 3,16 60 0,132 430 2500 4,47

10 0,072 453 1835 3,11 40 0,104 374 2260 4,41

20 0,075 321 1946 4,32

10 0,06 294 1744 4,27

    -
 .   -

    (250 )  
 .    

               
             

1  0,82 ÷ 0,90,  2  0,82 ÷ 0,92.  -
     -

   , -
    = 1.   

   ì  0,75 ÷ 0,80.
  -

-    
    
      

  . -
     :                                                                 

1). tèçë = 150 ° ; tñ = 80 ° ; 2). tèçë = 190 ° ;                  
tñ = 100 ° ; 3). tèçë = 250 ° ; tñ = 120 ° .  

  = 0,8 ÷ 1,1 / .   
       -

        -
          

  .         -
             -
        [2].   -

                                
     

T*
 = f(X, Fo, Bi, Rb, Bo, , Ko, Pd, Pn, , Ã),

 T* —   -
 ; X —  -

; Fo —  ; Bi —  ;                           
Rb —  ; Bo —  

;  —   -
   ; Ko —  ;                         

Pd —  ; Pn —  
;  —   

     ; 
Ã —  .

    -
     -

     
  .      

      
    

    -
 [2].   

     [3], 
     
    

  ,   
     

 .  -
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 Bi < 0,2    Fo > 0,2 -

      
      

    
    [1, 4].   -
      

      -
    [2].

    -
                             

            

  · Ko · Pn = 0 [2].   Rb  
  Bi    -

.      
     

dÒ / dFo .               
                  

Rb ,   Ko . 
          Rb             

Rb  0,1 ÷ 0,35    
    -

      
.   Ko  -

      
 ,   —  -

 [2].    
   

       Bi / Ko = f(Fo) [2].  -
      Pn  

     · 
Pn = 0 (       

).      
 Ã = 0.   -

  t   

è       
Bi < 0,2    t = è= 1. -

     -
      . 
  Fo   

Ðd    -
    

,   (1)

,                        (4)

,                    (2)

,                    (3)

 a —  , 
2/ ;  —  , ; RV —  

   , ; mt  mè —  

      -
, -1.

   Âî -
      -

      
      

 [5].     
 

 *—   -
 ; ã —   -

 ; 0 —    
 , / 2 4; Ò* —  -

     -
  *.

. .  [6]     
       

  .   -
    -

     :

 m —  ; ïð — -
    - -

; Òèçë —   -
, ;  —  , .

    -
  :  

  Òîì;  -
 Òèçë;  Òîì / Òèçë,  
   –  

ïð    õ / .
   Ò*  

 

 tc , t, tîì —   ( ), 
,    

 , ° .
     

   -
 ( ) tc.    -
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–    

,                        (5)

,           (10)

 1  ì —    -
  .

 Âî0     
  ïð    -

  Òèçë,   -
   0    

 [3].   Âîw  -
     . 

     
     -

 [3] 

 0  w —    -
 , / ° ; ñ0  ñâ –  

   , / ° ; W  è — -
     

.
   w   
  .  

 à   -
  

    
    1.

  Õ = õ /   õ =  
   Õ = 1.   -

    
    RV = V / F = . -
    -
     

T*
 = f(Fo, Pdt, Rb, Bi / Ko, Bo),

 Fo · Pdt = mt .

  
     

     -

  . . ,  -
     

  , -
    ,  -
      

  [4].   
     tc = const -
  ,   , 

    [4],   -
     -
  .

     
   

;                        (6)

;          (8)

,                       (7)

,       (9)

 è0 —   .
 mt  mè  -

,   -
 ln(tc - t)  ln(W0 - W)    .

        -
  mè   -

 tc —   ( ), °C;                  
t1  t2 —   , 
°C; W0 —   -

; W1  W2 —   -
.

      
  [4]   -

     

,  / ° ;

, / ° ,

, 2/ .
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.              (11)

,                 (12)

     (18)

     (19)

.                     (16)

.         (13)

,        (17)

.             (14)

,           (15)

  —    -
, / 2° ; t —  -

    ; 
Kn —  ; tn —  

, ° .
   RV = 0,8 - 1,2    -
  Bi < 0,2    

Kô  0,    -
    t = 1.

   Kn  = Bi,    
   [4, 7]

                    
Bi  0     -

      
 [4, 7]:

 F —    ,  2; 
V —   , 3.

  (tc - t)     
.  (12)    

 [7]:

  (11)  (13) 

    
    -

      
 mt = 0,24.  mt  -

 (11)   mt  0,3 – 0,4.
    

  :

 W0 , Wp , Wp — ,   -
  .

      
 [7]

  (13)   
  (16),  [7]:

 tc , tîì —   ( )  -
   , ° .

  , -
       -
   , :

qmax = êð (tc – tîì) = r 0RV (dè /d )max.

q = qmax exp (– mt ).

 (dè /d )max = Nmax—   
,    ; r — -

 , / .
  (17)   (18)  -

  

,   -
       -

,     . 

    
  

  1     
     -

    . , 
      -

   ,   -
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  2   -
 ln(tc - t) = f( )  ln(W0 - W) = f( )  
  . ,   

   , ,  
     

 .  -
   mt    
        .  

    Bi < 0,2  t = 1 
   -

      . -
 mt    ,  
 ,      -

     
     

      [4, 7].
   mè  
   ,  

  W0,  -
    ,   . 

   ,  -
     

   W0  
 ,  -

  ,   .
  3  4   

     
 U* = f(mè ); mè = f(Nmax), T

* = 
f(mt )  T* = f(Bow).

     -
   

 1 –     
       

: . 1. tèçë = 150 ° ; tñ = 80 ° ;           
2. tèçë = 190 ° ; tñ = 100 ° ; 3. tèçë = 250 ° ; tñ = 120 
° ; : 4. tèçë = 190 ° ; tñ = 100 ° ; 5. tèçë = 250 
° ; tñ = 120 ° ;.  :  = 0,8 ÷ 1,1 / .   

 2 –  ln(tc - t) = f( )  
ln(W0 - W) = f( )     

 

;           (20)

.                 (22)

 ;          (21) 

, 

.               (23)

 Nmax = (dè /d ) —   
 , -1.

   
  mt   mè   

     -
       

.    

      
 .   (20)  

(21) 
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 4 –   
  T* = f (mt )                

T* = f (Bow)     
.      1

     -
      

  .  -
      -
  [1]

 Nu —  ; Re —  
; Tì, Tèçë  Tñ —  -

  , ,  
( ).

      
     -

  l = 0,12 .
     

 

q =  (tc– tn).

  Rb   -
 î   

                               
b = dt / dè —   -

 ,   -
                                

t = f(è)  (  5 ).  -
,       5 ,  

     (25)

     (26)

Rb = 0,1 exp (– 1,4 (è – èp)).

Bi / Ko = f (Fo · Pdt) = f (mt ) 

T* = f (Fo · Pdt) = f (mt ) .

     -
 Rb      

 ,   -
 ,   î —  -

       
  W = Wp.

   -
     

   T*  
     2,    6 

 3 –   
 U*   

  mè       
 mè = f(Nmax)   

    ,  
  1

     
 

   -
 T*  = f (Bi | Ko)  

T* = 0,06 (Bi / Ko)-0,5.

,        (24)

; .
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 5 –   
 t    Rb  

 è ( , )    
   Bo0 = f (Òîì /Òèçë) ( )   

 .     1

 6 –      
Bi|Ko    
T*                                                                   
Fo · Pdt = mt      

    

     
   -

  .   
    -

    

     
 .     -

      -  -
.

   Bo0   
      -

    0 = const  -
     :  

1. Tèçë = 423 K; tñ = 80 ° ; Tîì  /Tèçë = 0,71; 
Âî0 = 18. 

2. Tèçë = 463 K; tñ = 100 ° ; Tîì  /Tèçë = 0,65;   
Âî0 = 15. 

3. Tèçë = 523 K; tñ = 120 ° ; Tîì  /Tèçë = 0,57; 
Âî0 = 11.

  4                 
T* = f (Bow)     

,  

     (27)

     (28)

T* = 0,0135 (Bo0 + 0,55 W),

Bow = Âî0 + 0,55 W.

  Bo   -
   Tèçë                         

Tîì  /Tèçë   

    
       -

      -
 

;                (30)

.           (31)

 W —    -
.

     
      

 (18)  (19).   7   -

.                  (29)
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 7 –   
  Bow / Bo0   

  q   W  
     , 

   1

 2 –     Nu,  Bi,  î    
    

 : Tèçë = 423 K; tñ = 80 ° ; v = 1,1 /  

W, % Nu , / 2° Bi Ko Bi / Ko T* týêñ, ° tðàñ, °

80
60
40
20
10

87,7
78

63,1
46,2
32,2

26,3
23,4
18,9
13,9
10,2

0,13
0,138
0,135
0,132
0,125

31,7
20

12,7
5,4
2,5

0,004
0,007
0,011
0,024
0,049

0,84
0,76
0,65
0,46
0,35

40
44
50
61
67

38
42
48
58
64

 : Tèçë = 463 K; tñ = 100 ° ; v = 1,1 /  

80
60
40
20
10

94,9
83,6
68,3
50,1
26,5

30,5
26,8
21,8
16,2
11,7

0,145
0,151
0,155
0,157
0,145

29
17

9,85
4,7
2,2

0,005
0,0088
0,0157
0,033
0,066

0,84
0,75
0,65
0,48
0,38

45
50
56
68
73

42
48
55
69
73

 : Tèçë = 523 K; tñ = 120 ° ; v = 1,1 /  

80
60
40
20
10

104
91,8
75

54,9
40,3

34,4
30,3
24,7
18,1
13,5

0,168
0,17

0,175
0,178
0,165

29
16
9,4
4,3
2,2

0,0058
0,01

0,018
0,0410,

075

0,86
0,76
0,69
0,50
0,45

46
53
63
74
80

43
52
64
75
79

 q = f(W),   -

   -
     -

 (19)  (32)     
  -   -

   [3]:

 Ñ0 —    
 , / 2 4.

   -
  = 1.

    -
   (5).

    
     ê:

. (32)

,  (33)
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   (33) -
  ( ïð + ê)  0,66 – 0,7  

   .  -
 qèçë   (33)    3.

    

   (  1) 
   -

  T*   -
 W . ,    

1,     
     .  -

  (27, 28)   
Âî0 = const    -

       -
 W = const     

 = f(W).     (  8) 
    -

 q = f(Âîw , W).  ,  -
     

   , 
   ,   -
    ,  

 : Tèçë = 423 K; tñ = 80 ° ; v = 1,1 /

W, % ýêñ, 
ðàñ,  
(23)

týêñ, °
tðàñ, °  

(22)
q, / 2 

(19)
q, / 2 

(32)
qýêñ, / 2 qèçë, / 2 

(33)

80
60
40
20
10

0,65
1,95
2,85
4,5
5,4

0,72
1,76
3,2
4,3
4,9

42
54

61,5
71,5
78

40
54
62
72
78

2750
2314
1965
1380
1980

3060
2280
1795
1270
1020

2650
2270
2000
1280
850

2880
1890
1750
1100
780

 : Tèçë = 523 K; tñ = 120 ° ; v = 1,1 /

80
60
40
20
10

0,4
1,25
2,32
3,7
5,7

0,47
1,45
2,54
3,35
5,2

42
55
68
77
83

39
54,5
68
79
85

3510
3140
2585
2140
1427

3900
3150
2350
1780
1495

3420
3125
2620
2000
1500

3300
2780
2100
1690
1250

 3 –       , 
        (22), (23)  (19), (32), (33)   
   

      
.  (  8)   

.
      
 ,    

Âî0    W.  -
 4    

     
                     

 8.
 :                    

Tèçë = 423 K, Tîì  /Tèçë = 0,71.   -
  Âî0 = 18.    -

 W = 60 %,  -
 T* = 0,66;                                   

tãðàô = 44 ° ; týêñ = 43 ° ;  : ãðàô = 1,5 
;  ýêñ = 1,5 ; Âîw ãðàô = 49,5; Âîw ðàñ÷ = 51; 

Âîw ðàñ÷ = 50,5   (28)  (31).
     

    ,    
  .

   -
     -
     -

   .   

.



80      
 27

      

 8 –            

 4 –         
      8

 : Tèçë = 423 K; tñ = 80 ° ; v = 1,1 /

W, % ýêñ, 
ðàñ, 
(23)

T*
ýêñ T*

ãðàô týêñ, ° tãðàô, ° qýêñ, / 2 qãðàô,             
/ 2 (32)

70
60
40
20
10

62
90

180
285
365

64
89

180
300
360

0,76
0,67
0,54
0,39
0,38

0,75
0,66
0,53
0,42
0,33

43
46
51

60,5
67

40
44

49,5
59
64

1850
1700
1250
850
500

1850
1600
1270
750
600

 : Tèçë = 463 K; tñ = 100 ° ; v = 1,1 /

70
60
40
20
10

46
85

158
278
295

150
90

168
270
305

0,77
0,71
0,57
0,42
0,33

0,77
0,71
0,58
0,42
0,33

46
51
60
70
78

44
49
58
71
76

2500
2450
2000
980
750

2600
2400
2150
1150
950

     
      
     -

    -
     

  . -
     mt   
  mè.   -

       
     

   ,   
      

    . -
     -

      -
  .



81

      

    
 27

  

1. , . . (1968),  , , 472 .

2. , . ., , . . (1963),  
-  , , 536 .

3. , . . (1965),  -
 , , 340 .

4. , . . (1967),  , 
, 600 .

5. , . . (1979),   -
, , 416 .

6.  . .,  . . (1968),  
   , , 

304 .

7. , . . (1961),   
 , , 520 .

8. , . ., , . . (2011), -
    -

   , i  
i.  -  ,  2, 

. 75 — 81.

9. , . ., , . ., -
, . . (2014),   

 -  
  ,  -

   -
, 2014, . 26, . 74–84.

REFERENCES

1. Lykov, A.V. (1968), Teorija sushki [Drying theory], 
Moscow, 472 p.

2. Lykov, A.V., Mikhajlov, Y.A. (1963), Teorija teplo- 
i massoperenosa [Theory of heat - and mass 
transfer], Moscow, 536 p.

3. Kolesnikov, P. A. (1965), Teplozashhitnye svojstva 
odezhdy [Heat-shielding properties of clothes], 
Moscow, 340 p.

4. Lykov, A.V. (1967), Teorija teploprovodnosti [Heat 
conductivity theory], Moscow, 600 p.

5. Kutateladze, S.S. (1979), Osnovy teorii 
teploobmena, [Fundamentals of the theory of 
heat transfer], Moscow, 416 p.

6. Pekhovich, A.N., Zhidkikh, V.M. (1968), Raschety 
teplovogo rezhima tverdykh tel [Calculations of 
the thermal regime of solids], Moscow, 304 p.

7. Lykov, A.V. (1961), Teoreticheskie osnovy 
stroitel'noj teplo  ziki [Theoretical fundamentals 
of construction thermophysics], Minsk, 520 p.

8. Ol'shanskij, A.I. (2011), Probe of process of 
drying of thin materials by a method of a regular 
mode [Issledovanie processa sushki tonkih 
materialov metodom reguljarnogo rezhima], 
Vesti Nacional'noj akademii nauk Belarusi. Serija 
 ziko-tehnicheskih nauk – Vestie of National 
academy of Sciences of Belarus. Series of physics 
and technology sciences, pp. 75-81.

9. Olshansky, A.I., Zhernosek, S.V., Olshans-                 
ky, V. I. (2014), The graphic analytical method 
of calculation of convective-thermoradiation 
drying of technical fabrics [Grafoanaliticheskij 
metod rascheta konvektivno-termoradiacionnoj 
sushki tehnicheskih tkanej], Vestnik Vitebskogo 
gosudarstvennogo tehnologicheskogo universiteta 
– Bulletin of Vitebsk State Technological University, 
Issue 26, Vitebsk, 2014, pp. 74–84.

    01. 09. 2014 .


