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ABSTRACT 

Polozsky E. Analysis of the efficiency of accelerated cooling of hot-rolled 

rolls. 

Qualification final work for obtaining a master's degree in the specialty 144 - 

Heat Power Engineering, supervisor V. Rumyansev. Zaporizhzhya National 

University.  ngineering educational and scientific institute. Department of Heat 

Power Engineering and Hydropower Engineering, 2020. 

The qualification work shows the efficiency of accelerated cooling of the 

rolls. A study of the method of cooling on the quality of the final product. The 

temperature distribution in the ingot during air and water cooling is found. It is 

proved that the utilization of heat during water cooling will allow to use it for the 

needs of hot water supply. 

Key words: roller conveyor, hot-rolled roll, air cooling, hot water supply, 

heat utilization, cooling rate. 
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     .  є  

       ,     

 . 

      

   є      .  

 

2.4         

  

 

       

 

 2.5 -        

     

pH  8,05 

  / 3 5,0 

  / 3 214 

 - / 3 3,2 

 / 3 46,092 

 / 3 10,94 

 / 3 0,318 

 / 3 22,69 

  / 3 0,1195 

 / 3 2,22 

 / 3 0,018 

 2/ 3 11,184 

 / 3 49,0 

 / 3 0,022 
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  ,       

    2.6.  

 

  2.6 -   ,       

 

     

   

 , - / 3 350 

 /  30 

  8,3…9,5 

 /  30 

 /  - 

 /  0,4 

   

 , - / 3 200 

 /  30 

  8,3…9,5 

 /  30 

 /  - 

 /  0,4 

  

 , - / 3 350 

 /  30 

  6,0…9,0 

 /  100 

 /  - 

 /  0,3 

 °  50-75 

    20 

 /   1,5 

   2,0 

 

 ,       

 – 48,76 ( =15 / 3), є  – 46,092 (  = 30 / 3), 

  – 0,137 (  = 0,50 / 3),  – 2,285 (  = 1,0 
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/ 3).          

    . 

 

2.4.1 -   `   

 

,      є  

. '        

,   є       

           

.   є   ,  є  

 ,      . 

     -   

  1 3 ,     ( )  

   ,    ,     

 .        [38]. 

        

 ,    1 3 ,     

,   ,    є   

  .     

    +2  g+2,  є 1 3   

 " "     .  

,    'є  ,   , 

  . 

        є   

' ,  є    .  ,  

' є ,      ' .  

        

  .       

   '   є .    

  : ,    . 
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      є    

 '    . 

  є: ,    

.    є  ,  

     '     

.  

   є     

       .  

   є  ,    

,     .   

  є      ,  

    -    ,  

 є  . 

  ,  є    

, є      

,   ,      

 ,     .   

    є  ,  

,   є   ,   

є   .   ,    , 

          

.       ,    

  ,    ,  

      (0,3…1,5) . 

  , є     

,       .  

    є   

  є   kn   2. 

        

,      .     
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.      ,    

   є   ,   

        ,  ,  

        

     є,    

     . І ,     

   ,  ,   

          

   .     

          

  50 %,    5 % [39]. 

   є   

 ,     'є  ,  

         

          

,      , 

  ,   ,  ,  

       . 

 

2.4.2    

 

               

  .  

 :  

-    - Q =20 3/ ;  

-   - 1 ;  

-   - 1 . (   );  

-       1 = 3,1 - / 3;  
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-       1 =0,05 - / 3. 

      є  

.      

'     .    

  -       

      [40]. 

 

2.4.3      

 

      ,  

 

,
1

k

mhf
g


=  

 

 f  –  , 2; 

h  –   , ; 

m –    , / 3; 

k – є  . 

 

.16,1
25,1

82,08,1785,0
1

=


=g  

 

   , - / 3 

 

,p VeE =  

 

 –   , - / 3; 

V  – `є  ,   , 3. 

 

.4204,1300 ==pE  
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 ,  

 

,
0

hf




=  

 

 0 -    , - / 3; 

 –     , 3/ . 

 

.32
61,3

8,1785,0420
=




=  

 

     ,  

 

,
1000

1


= p hfE

G  

 

  -     1 -    є  

. 

 

.82,106
1000

1808,1785,0420
1 =


=G  

 

  ,  є   -  

, - /  

 

,24 0 NaQA =  

 

  QNa –  -  , 3/  

 

.1488201,324 ==A  
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,1
hf

A
n


=  

 

.51,2
4208,1785,0

1488
1 =


=n  

 

     -   

є  , 3 

 

.425,14065,771,165,5
11

.11
=++=++= іpp QQQQ  

 

     , 3 

 

,
1000

60

1

tfi
Q


=  

 

  -     /( * 2); 

 t  –   , . 
 

.65,5
1000

3060785,04
1

=


=Q  

 

      , 3 

 

,
1000

100

..
1.

pp

pp
b

G
Q




=  

 

 b –   , %; 

ρ -  –    , / 3. 
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.71,1
041,161000

10082,106
1. =




=ppQ  

 

       , 3 

 

,
1 іі hfqQ =  

 

  q  –      , 3. 

 

.065,78,1785,05
1

==іQ  

 

 ,  є     -  , 
3/  

 

,1 naQQ
Na =  

 

   –   ; 

n –      . 

 

.21,3651,21425,141 ==Na
Q  

 

   CaCl2  MgCl2,     

 , -  

 

.6,0
1000

4208,1785,0

10001
=


=


=

hf
 

 

 CaCl2,  є     , -  

 

  ,2 CaCaCl =  
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 αCa –     ,    

. 

 

  .24,04,06,02 ==CaCl  

 

 MgCl2.  є     , -  

 

  ,2 MgMgCl =  

 

 αMg –     ,    

. 

 

  .144,024,06,02 ==MgCl  

 

 CaCl2  MgCl2,  є    , /  

 

   
,033,0

1000

51,2124,05,55

1000

5,55 2
2 =


=


=

naCl
CaCl  

 

   
.017,0

1000

51,21144,06,47

1000

6,47 2
2 =


=


=

naMgCl
MgCl  

 

 55,5  47,6 -    CaCl2  MgCl2. 

 ,  є     є   , 

 

 

  ,)44,58( fGNaCl −=  

 58,44 –      , / -  

 

  .6,287114208,1785,0)44,5882,106( =−=NaCl  
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  ,  є   , /  

 

   
.1,72

1000

51,216,28711

1000
=


=


=

naNaCl
NaCl  

 

  ,  

 

,
100

1

bahf 
=


 

 

  k –   , / 3; 

 –   ; 

b –    , %. 

 

.58,0
100

5018,1785,082,0
1

=


=  

 

2.4.4      

 

      ,  

 

.77,0
25,1

82,05,1785,0
2

=


=


=
k

mhf
g  

 

   , - / 3 

 

.3602,1300 ===p VeE  

 ,  

 

.25,353
62,0

5,1785,0360

0

=



=




=

hf
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.52,186
1000

4405,1785,0360

1000
2 =


=


=

p hfE
G  

 

  ,  є   -  

, - /  

 

.96202,02424 0 === NaQA  

 

     

 

.23,0
3605,1785,0

96
2 =


=


=

hf

A
n  

 

     -   

є  , 3 

 

.55,149,5365,5
22.22

=++=++= іpp QQQQ  

 

     , 3 

 

.65,5
1000

3060785,04

1000

60

2
=


=


=

tfi
Q  

 

      , 3 

 

.3
041,161000

10052,186

1000

100

..
2. =




=



=

pp

pp
b

G
Q


 

 

       , 3 
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.9,55,1785,05
2

=== іі hfqQ  

 

 ,  є     -  , 
3/  

 

.35,323,0155,142 === naQQ
Na  

 

   CaCl2  MgCl2,     

 , -  

 

.42,0
1000

3605,1785,0

10002
=


=


=

hf
 

 

 CaCl2,  є     , -  

 
  .168,04,042,0

22 === CaCaCl   

 

 MgCl2.  є     , -  

 

  .1,024,042,0
22 === MgMgCl   

 

 CaCl2  MgCl2,  є    , /  

 

   
.002,0

1000

23,01168,05,55

1000

5,55 2
2 =


=


=

naCl
CaCl  

   
.0011,0

1000

23,011,06,47

1000

6,47 2
2 =


=


=

naMgCl
MgCl  

 

 ,  є     є   , 

 

 
  .1,542933605,1785,0)44,5852,186()44,58(2 =−=−= fGNaCl  
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  ,  є   , /  

 

    .49,121000/23,011,542931000/
2

=== naNaClNaCl  

 

  ,  

 

.48,0100/5015,1785,082,0100/
2

=== bahf  

 

2.4.5      

 

      ,  

 

.93,177,006,1gg 21 =+=+=g  

 

    , /  

 

( )( ) ( )( ) .06,148,058,093,193,1ggg 21. =+−−=+−−=  

 

    , /  

 

( ) ( ) .56,11336523,052,18651,282,106365*GG 2211 =+=+= nGn  

 

 

   -    , 3/  

 

( ) ( ) .4,1443936523,055,1451,2425,14365QQQ 2211 =+=+= nn  

 

   CaCl2  MgCl2,     

 , - /  

 

( ) ( ) .2,58636523,0*42,051,26,0365nn 2211 =+=+=  



60 

 

 

2.5          

  

 

 ’    ,        

,  є      

 ,     .   

  ,     

  є   2,8     . 

   є     

        

      – .  

     (  

)    (  )    

  є     

    (      

 )      

. 

    (     

     

),  

 

hth

hr

h

hr QttqQ −= )(163,1  ,                                      (2.14) 

 

  qh
hr -      , ³/ ; 

t   -    , º ; 

t   -   , º ; 

Qht —  , . 

      Q . , 

/    є    
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3600

)(


−

=
cn

ttcam
Q ,                                               (2.15) 

 

    m –  ; 

a –       , / ; 

c – є  , / * ; 

nc –       , . 

 ( )   Q  , / ,   

         

  -    є   

 

 

                      QQ =  ,                                          (2.16) 

 

 χ , χ   - є       

  ( ), χ = 1…1,2 ; χ  =1,7…2.  

   G, /     

  є    

 

                                     
pc

Q
G

−
=

)( 21 
,                                           (2.17) 

 

 Q –      , / ; 

1 –        

  , º ; 

2 -         

  , º ; 

 – є  , =4,19 / · . 
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      –    

 2.7. 

 

 2.7 -       -  

    

    /  212,4 

    /  29,3 

   /  241,7 

    /  1040 

    /  200 

   °   140-70 

 

      14  є  84 

,    ,       

 235,2 .     ,    

  ,       

   .  
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3  І    

3.1.         

   

3.1.1     ,  

    

 

    є     

  ,  '   ,    

     -  .  

     ,    

  .  

           

        

    ,      

     .   

      є       

 /34,36/.       

          

 

 

%,100
+

=
RM

M
B  

 

   –   , %; 

M -  -   ; 

R -  -   .  

        

 3.1.   
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 3.1 -        

  

 

  

 

  

 -    % - 

  

 

%  

  

  

  

  

 

 

 

 
1 6·1=6 2·1=2 8 22,5 77,5 

- 

 
4 4·4=16 4·4=16 32 45 55 

 

 
1 

7,5·1= 

7,5 

0,5·1= 

0,5 
8 93,75 6,25 

 

 є     , :  

-   є 22,5 %   77,5 %  ;  

-   – 45 %   5 5%  ; 

-   93,75%   6,25%  .  

 ,       

,     . 

 

3.2        

 

 

       є: , 

,     :  , 

     1680, , ;   

    ; ,  

       .  

      1680  є   

 є .       
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    ,     

   .    є  

  ,  ,  

     . .      

 є  ,       

  .  є    

      ,   

  . І    ( , , 

 )       

  .     

   3.2. 

 

 3.2 -       

.  -     1680 

  

, 

,  

 

 

,  

 

III    

   

  

   

,  

%   

1 

 

2 

 

3 

 

I.   

, / 3 

      

1         

  0,01 0,02 2   83,1 

2         

   

( ) 

0,3 0,56 1,87   83,1 

3-4         

  5 6,5 13   83,1 

  2 4,0 2   83,1 

II.    

 ,  

/ 3 
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  3.2 
   

 – 2,5% 

4,0 26,4   6,6 83,1 

III. ,  80 93  13  100 

IV.    

 

      

-   

, ° (   

 , .  

 –  

16/27 41,5   13,50,2-

0,5 

83,1 

-    

, /  

0,2-0,5 0,27    83,1 

І  - 

,  

/ 2 

140 794  654  80,8 

 

 - ,2 ;  - .  

       III  3 .   

є       .  

      : 2  3–  , 

2  2-  , 4  1-       

      ,  є  

 № 1, . 1.  

 

3.3     є        

3.3.1   

 

 -     ,    

         

 ..      , 

    ,     

(  ), 'є       
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  ( ).   є   ,  

    , , .   

 є    ,   . 

 є    .  

         

3.3(  3.3.6.042-99).       є  

         

    .     

      1,8 ,    

   . ,    

      . 

 

 3.3 –      

   
 , °  

 
, 

% 

 
 
, 

/  

 
   

  
, °  

 

, 
11  

 ,   5°  
 

 
 

  
  

,    
28°  

 

 

75% 

0,5   

  5°  

  
 

  

 

 

 

 

3.3.2         

 

       є 

 .   є  

,           

      .  

      .    

     :   ,  
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IV,   -200 .     ( -

1000)     LAD    

  « ».  

   є .    

 є    ( ).   

є  4   .      

 (  75% ),  є    

.  

 

3.4    
 

      ’  

.  

     є :  

-           

    ;  

- ,   ,   ;  

-      ;  

  є   : 

 ,       

   10 .     

   .    є   

.  

   .      

     12.003-04.  

 

 

 

 3.4.1       

 

  є     (   

  ,   ,    
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  ).     I  

 (     ,  ,  

   '  ,     

     )   1.1.- 

7.2002.    - ,   .  

 :     – 2 .;  – 

1 .;   - 0,25 .;    - 0,25 .; 

 – 2 .;  , , ,    – 

1 .; ,   .    - 0,75 ..  

      :  

-1 (15 .), -2 (24 .), -1  (28 .),   

(     ,   ,   

,   ( , ,   .). 

 

3.4.2        

 

     .  –  

     ,    

  'є  ,     

  /35/.         

   ,    , 

 .    є    

,  ,     .  

     ,   

 є:      (60%),  

 (30%),      

 .        

    ,  

      ,  
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 .  

      ( )   

 ( )      . 

 

3.5 І      
 

  є     - 

    ( .3.1).  

          : 

  -   1   ,  - 4,2    -   

 . 

 

 3.1 -      

 

   є   ,  

,   ,       

    ,      .  

         

 80°.       

  ,     ,   

   . 

   , 3/  
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 Q  -      , ; 

L  -  ,  є     , 

3/ ;  

 - є   (  = 1,005 /( 3 ° )); 

 t  -   , ° ;  

t  -   , °  (    

є   );  

t -  ,  є     , 

° .  

        

     ,   є.  

  ,  

 

 

 

 N  -     , ;  

k1, k2, k3, k4 – є     

(0,7…0,9);  ;   ; 

    (0,1…0,7).  

 

Q1 = 2500∙ 0,8∙ 0,9∙ 1,0∙ 0,5 = 900 . 

 

  ,  є,  

 

 

 

 G  –   , / ;  

C  – є    , /( ∙° );   
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t  , t  – ,     ,  

є, ° .  

Q2 = 3500/3600∙ 0,425(1450-1200) = 103,3  

 

  ,  є      , 

 

Q3 = g ∙ F ∙ A ∙ 10-3, 

 

 g  –    1 2   ( є  

 83 / 2); 

F  –   , 2; 

A  – є ,      ( є  

 0,8); 

 

Q3 = 83∙ 100∙ 0,8∙ 10-3 = 7 . 

 

   Q,    ,  

 

Q∑ = 900 + 103,3 + 7 = 1010; 

 

 

 

 

        

     50,8 3/ .  

   F    F    

, 2 
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 1,  2 – є  ,   1=0,56   2=0,57; 

h , h  –        

   , ;  

 

 
 

 
 

     є    

   11% ,   є    

     .   
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