
ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6 49

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 622.233: 551.49

. . 1, -  . , .,   

. . 1, . . , ., 

. . 2, . . , ., 

. . 2 
 

1 –     „ -
  “, . , ,  

e-mail: sudakovy@ukr.net 
2 –    . . -

, . , , e-mail: dreus@rambler.ru 
 

   –  
       

. . zhevnikov1, Dr. Sci. (Tech.), Prof.,  

.K. Sudakov1, Cand. Sci. (Tech.), Assoc. Prof., 
A.Yu. Dreus2, Cand. Sci. (Tech.), Assoc. Prof., 
Ye.Ye. Lysenk 2 

1 – State Higher Educational Institution “National Mining Uni-
versity”, Dnepropetrovsk, Ukraine, e-mail: sudakovy@ukr.net 
2 – O. Gonchar Dnepropetrovsk National University, Dnepro-
petrovsk, Ukraine, e-mail: dreus@rambler.ru 
 

STUDY OF HEAT TRANSFER IN CRYOGENIC GRAVEL FILTER  
DURING ITS TRANSPORTATION ALONG A DRILLHOLE 

.        -  
   ,    ,   -

   . 
.    .    

      -    
 ,    .  

.         
 –         .   

   ( -    -   , 
  ,     . .)    -

  -     . 
 .        -

  –          
          . 

 .        -
     -     

   . 
 :  , ,  , –

  
 

.2   -
 [1],   -  

 ( )    
  ,  

    .  -
    

 -   ( ) 
  ,     

       .  -
  –     -

,      -
  . 

    -
     -

 , ,    -
  ,   . 

        -
. 

                                           
©  . .,  . .,  . .,  . ., 
    2013 

  „ “  
     -

      
  .     

    -
        -

        -
   .  -

      , 
    .  

 .   
      

     . 
  , -

      
    ,   

 .     -
   .   

      
     -

        



50  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 
 

 
 

 
 
, 

 
               
 

 
 

. 1. 

2 – 
5 – 

 
 
 

 
,  

 , 
 

 

 
 

 
 

 
 

 . 
 

 

 
 

.  
 3 ( . 1,
   

 9, 
 
  

  

                     

 
 

 
 

; 9 – 

 
  

  
 – 

  
  , 

  
 

 –  
 

 
.  

  
 

 
  

1,  
.  

 
   
  
 

  
 ),   

 
 

.  
 

 

 

-
;  – 

 
; 6 – 

 

  

 – 
 

 
 

,  
   

. 
 

 

  
 

, 
. 

  

 
  

 

 
 

 
  
, 

  
 

 :
 
; 3 –

 
; 10 – 

 
 

 
. 

 
 

 , 
 

  

 
, 

 

 

 
 

  
 [2] 

-
  

-
–
 

-
 

 

 

:  –  
 -

– 
; 7 – 

 ; 1

 
, 
-
-

 -
 
 

 -
-

,  
 -

-
,  
  

 

 
-
-

 

 

H
 

 
   

  
,  

 
 

.  

               

  
-  

 
 

11 – 

ef T T

 

T – 
 

  
, 

 
  

 
 

 ,  
 

 

  
 

                  

-
 

; 4 –
 

  

1T r
r r

,0 1 rR
 

  

0T
 

s
TT

 
. 

 
 (1), 

  
 

 
 

 

, 
.  

 
   

 .   
 

 

 
; 1 – 

– 
; 8 – 

TT
r z

.0,2 HzR
 

 

0;T
 

 

TTT
s

n

 ; 

 
  

 
  , 

 , 
, 

.  

R1 

R2 

 -
 -

, . . -
 -

-

  
;

 ;
 -

;TT
z

 (1)

.  

  

,T   (2)

– 

 ,
, -

 .
  -

  -

1

9

2

1

-
-
-
-
 

-

 
; 
; 
-

) 

 

) 

 

 

, 
-
. 
-
 

-

0 

1 



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6 51

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

. .    Ti , -
    , -
   

 

1( )
1

T T

k
ei T i ,    (3) 

 
 ki –     ÊÒ , -

     ; 
ÊÍ ÒÒ , –      -

 ; – ,  -
      ;  

ò  – ,      
   .  

  ,   -
    ,   ,   -

   ò . 
    

      
 

0

0

1

1 ,

ef sk l

l
t

T c i T U c

dii T U c l
dT

        (4) 

 
  – ; tlsk ccc ,,  –   

,    ; T1 –  
. 

   
    

 
,1121 Ti                   (5) 

 
 1   2  –   -
   ,  . .  -

   
 

00
3

1 1,01,11,0107,1 UU ; 

00
3

2 1,01,11,0105,1 UU . 
 

     
       -

     -
  ,    -

  .   
 

wRe , 
 

 w–    (1–3 / );  – -
   ;  –  

      . 
 33,043,0 PrRe24,0uN ,   -

  
 

2

2

d
uN .   (6) 

     , 
   , -

       
     -

   . 
   (1–2),  

 ,    
  5T C     

    0T .  
   . 2. 

 . 2     -
     .  

 ,     
 0,5     .  

     .  -
    0,5   

0 10T .     
      -

   .   
        5T C  

( . 2)       
   20–25      

1,5 .  ,    -
       -

 ,    
      -
,    

  . 
    . 

     
   ,   -

    .  
      -

.     -
      

.      1,5  -
     

   ,    
     

. 
 ,    

(1–2)    . 2,   -
  ,        

180 ,   110    
200       
1,5   5T C . ,  

  ,     
     

      
   .  

     -
   ( . 3) 

     . 
 . 3    

     -
   3    

.   -
    .  



52  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 
  

1  – „
 

 
„

. 

. 2. 

 

 
. 

 
 

, 
 

 
 

 
 

 “, 
 

 “ 

  

3. 
 

 
  

“ 
 
 

 
 

   
 5T C

 
  : 

  
 

  
; 2  – „

 
; 3 

 

  
C :  – 

 
1 – ;

-
:  
 

„ -
,  

 – 
 

 

 

  
 

  
 

  
; 2 – 

 
 
 
 

 
  .

,  

 
 

  
  

  
  

  
  

  
  
  

 

  

 3  

 
 

,  

 
 

 

  

  -
 5%. -

 20%.
 -

 
 -

 -

 

   

 

 

-
-
. 
-
 

-
-

  



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6 53

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 
  
   
 

  
  

. 4. 

. 4, 
  

 
 

 0 = -2
 = +5°  

50 ; 
 

30 .  
 

 
 

25 ; 3 

   
 

 

 
  
  

 
  
  

  
 

 
 

 
 , 

, 
 

 
20°   

: 
 

 
 

  0 =
 

 – 20 
“  

 
 

. 

 
 

 
,  

  
 

 
 

 
  

 ,
, 
 

   . 
 (

 
 

 – 40 ;
 

 
= -180°  

 
: 1  – 1
.   

 
 

 

  
   

 

 
 
  

  

 
  
  

. 4) 
 

 
; 

 
 

 
  

20 ; 2 
,  „
  

 
 

-
-
. 
-

  
 

-
 

 

 

 
  

  

  
-
 

 
 
  
 

 –  
-
 

-
 – 
-

,  
-
 

0 =
. 

2 

 

-

  
  

. 4. 
  
 

 
  

 
 

 
 

,  
= -20°  – 90
.  

  
 

, , 
 

   
  0 = 

.  
 

–

, 
- 

 

  = 

 
  

    2
 +5° . 
 

  
    

, , 
   

,  
0 ,  

 
 

  
, 
. 

  
-180° .  

 
  

 
  

: 
 

. 

+5° . 
 

 
  -18

20° . 
 

  

  
   

  
 

  = +5° , 
0 = -180°

 
 
 

  
  

 

 
 

 
 

 -
 

 
80  -20° .

 -

 3. 

 
= +5°  

 
 

 
 – 150 .

-
 -

  

 -
 

 
 

  
 

 
 -

-
 

 
. 
-
 

 

 
 
 

.  
-
-
  
 

-
 

 
 
 
 

 
-



54  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 6

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я  

      
5%,     20%,  

    -
     

      
; 

-     
    -

       -
      -

. 
 

  / References 
1.      

  / . . , . . , 
. . , . .  //   -

 – 2011. –  10. – . 4–8. 
zh vnikov, . ., Sudakov, .K., Sushko, S. . 

and Begun, .D. (2010), “New technology of creation of 
gravelers for drillholes”, Mining Jornal of Kazakhstan, 
no. 10. pp. 4–8. 
2.  . .   -

 ( )  -
  ,   /  

. . , . .  //  . ., 
  – 1999. – . 2. – . 1. – . 89–94. 

Pobrezniuk, Ye.B. and Ryadno, . . (1999), “The 
mathematical model of freezing (thawing) in less-
permeable, water-saturated, porous environment, which 
contains air”, Visnyk Dnipropetrovskoho universytetu, 
Mechanics series, no.2, vol.1, pp. 89–94. 

 
.     

   -
-     -

,    
,      
. 
.    
.    -

    -
  -    

 ,    .  
.    

    -
  -   

      
.     ( -

   -
  ,   

,     
.)     

 -    
 . 

 

 .    
    -

  -    
     -

    -
      -

. 
 .   

     -
     

-     -
   . 

 :  , 
,  , -

  
 
Purpose. To examine the process of heat transmis-

sion in the porous coarse environment of cryogenic grav-
el filters element of block construction, manufactured by 
low-temperature technology, during its transportation 
along the drillhole. 

Methodology. We have applied the mathematical 
simulation of the heat transmission process. We have car-
ried out the comparative analysis of the results of the 
simulation and test-bed experimental research of the pro-
cess of heating the cryogenic gravel element in the aque-
ous environment.  

Findings. We have created the mathematical model 
of the process of heat transmission in the porous coarse 
environment of cryogenic gravel filters element during 
its transportation along the drillhole. According to the 
conditions of heat transmission (physical-mechanical 
properties of the composite in cryogenic gravel filter el-
ement, temperature of cryogenic gravel element heating, 
and temperature of environment, etc.) we have substanti-
ated the technological conditions of the cryogenic-gravel 
filter transportation along the drillhole.  

Originality. For the first time we have obtained the 
dependence of phase transition time of composite on its 
thermal and physical characteristics during the heat 
transmission in porous coarse environment during its 
transportation along the drillhole. This composite was 
the experimental example of cryogenic gravel element. 

Practical value. The results of numeral investiga-
tions contributed to development of the methods of de-
signing the manufacturing technologies of the cryogenic-
gravel elements and equipment for the productive hori-
zons of boreholes. 

Keywords: mathematical simulation, heat transmis-
sion, cryogenic technology, cryogenic-gravel filter 
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