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Fig.1  Heat transfer in the process of magnesium alloy 

sheet rolling 
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Fig.2  Schematic diagram of thermal fluid heating work roll 

 

�$:Ú���ýþ����_`� !��5�î$

­Ôøùû=öýþ����õ M tI' 8%Ô�F

üû75H\\Ø÷5ýþ��:	

64

π

4

D

E

$üûO

H \ \ Ø ÷ ? � ý þ � � : 	

4 4 2 2

π 2 π 16π

64

D n d Qs d

E

− −

$N�Î
H\�ÎÏ­�

H\\Ø����V	

4 2 2

2 π π

( )

64 4

n d s d

E Q− $ýþ��

��õ	

2 2 2

0 0

4

(2 16 )

100% 8%

nd Qs d

M

D

+

= × � F 

�L$E:H\DE5
�¿V�Pa��d:Mtúû

5Ö×�m��D:H\\ØÖ×�m��s:Mtúû

5L
¡H\��dL
5���m��n :Mtúû

5 � V 5 � � ( M t ú û Ã � : � � ) �

2 1

2

0

π

min[ (sin( )) ]

k n

k

Q x k

n

= −

=

= +

∑

(k:��$x:Î����

π π

x

n n

− � � $Q�ç���ÜÝ MATLAB��)F 

ÔÆ�H\:yzNÙ$��MtH\\ØÆ5

Mtúû5Ö×: 48 mm$Mtúû5�V: 1Ã$

Mtúû5L
¡MtH\��d5L
â�$m=

H\\Øýþ����õ: 5.32%$��ã�F­�

MtH\� ��5¦�ú!"Î#%�o�:

L-QD330$$%M�: 20~300 &F 

���������	
�

[16-18]

 

yz¦���=$?rs5�ìuv²��¹'

v$³²¹'vÊ��ì�()¾5¦���$·*

��5¦���Ê�+J��ù,�É$­Ô�yz

���-.¹vN&��ù,F 

����������

1) /øH\M�¯01N2$ö��}�H\¿

À534��¿À)5:)
6784W9:¦� 

¿ÀF 

2) H\b��5;Ò��<��==�@>�5F 

3) ö��bH\�?}�=5a¨@ÝRH\

§?b§¨5a¨@ÝA:B3Ca¨@ÝF 

�����	
��
���

)
67Æ5M�¹D T(r, t)==� tbE r5

�5F�5$GHM�¹D: T(r, 0)=T(r)$)
67

�×IJ:	r

1

<r<r

2

 (r

1

=0.024 m$r

2

=0.160 m)FK�	 

2

1 2

2

1 2

1 1 1

2 2 2

( , ) 1 ( , ) 1 ( , )

,  0    (1a)

( ,0) ( ) ,  0  (1b)

( , )

( , ) ,  0    (1c)

( , )

( , ) ,  0    (1d)

T r t T r t T r t

r r r t

r r r t

T r T r r r r t

T r t

hT r t f r r t

r

T r t

h T r t f r r t

r

α

λ

λ



∂ ∂ ∂

+ = < < >



∂ ∂ ∂



= =







∂

− + = = >



∂



∂



+ = = >



∂

� �

 

�L

c

λ

α

ρ

= $

1 1 1f

f h t= $

2 2 2f

f h t= $&L	h

1

:��

¡�?5}� �  (W/(m

2

·&))$h

2

:§?¡)¢5}

� �  (W/(m

2

·&)$λ:H\5¦� �  (W/(m·&))$

ρ:H\5��  (kg/m

3

)$c:H\5
�g  (kJ/kg)$α

:H\5�L
õ  (m

2

/s)$t

f1

:��5M�  (&)$t

f2

:)¢5M�  (&)F 

öM2(r, t)N¹9»�: ∆r	∆t5OP$©ª 3F

�²�	 

2 1

0,  1,  2,  ...,  r j r j N L r r N r= ∆ = = − = ∆    �2� 

0,  1,  2,  3...t n t n= ∆ =                    �3�

 

FM�çc®: 

( , ) ( , )

n

j

T r t T j r n t T= ∆ ∆ ≡

                  

�4�

 

N r=r

1

b r=r

2

÷5a¨@Ý¹Q�17.¹b1O.

¹$� 

1 1

1

1 0

1 0 1

n n

n

T T

hT f

r

λ

+ +

+

−

− + =

∆

                  

�5�

 

 

1 1

1

1

2 2

n n

n

N N

N

T T

h T f

r

λ

+ +

+

−

−

+ =

∆

                 

�6� 

Hot fluid 

Roll 

L 

D 

d 

P 

Y1

B 

A 

M 

M 

A 

B 

P 

Y2 

Cooling 

Heating 



� 8�                            ������	
��
��������	������                        �2491� 

 

 

 

 

 

 

 

 

 

 

� 3  ��(r, t)�� ! ∆r"∆t#$% 

Fig.3  Grid of step length for ∆r"∆t in area (r, t) 
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Table 1  Physical property parameters of heat conduction 

oil L-QD330 at different temperatures 
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Density/ 
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Fig.4  Three-dimensional finite element model of work roll 
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Table 2  Physical property parameters of roll 

Density/ 
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Fig.5  Different points on roll 
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Fig.6  Temperature of roll surface under various fluid temperatures and various velocities: 
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Fig.7  Temperature variation under different roll temperatures 

at velocity of 0.2 m/s 
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Fig.8  Temperature variation under different velocities at 100 �: (a) v=0.08 m/s, (b) v=0.12 m/s, 

(c) v=0.16 m/s, and (d) v=0.20 m/s 
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Fig.9  Temperature comparison under different velocities at 100 � 
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Fig.10  Temperature variation under different velocities at 125 �: (a) v=0.08 m/s, (b) v=0.12 m/s, (c) v=0.16 m/s, and (d) v=0.20 m/s 
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Fig.11  Temperature comparison under different velocities at 

125 � 
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Fig.12  Temperature variation under different velocities at 150 �: (a) v=0.08 m/s, (b) v=0.12 m/s, (c) v=0.16 m/s, and (d) v=0.20 m/s 

0 300 600 900 1200 1500

10

20

30

40

50

60

70

80

90

100

 

 

 

 

T
e
m
p
e
r
a
t
u
r
e
/
�

Time/min

 v=0.08 m/s

 v=0.12 m/s

 v=0.16 m/s

 v=0.20 m/s

0 240 480 720 960 1200

0

20

40

60

80

100

120

a

T
e
m
p
e
r
a
t
u
r
e
/
�

 Point 1    Point 2    Point 3   

 Point 4    Point 5    Point 6

 Point 7    Point 8    Point 9

 Point 10  Point 11  Point 12

 

 

 

120 140 160 180

80

90

100

110

 

m

 

 

0 240 480 720 960 1200

0

20

40

60

80

100

120

b

 Point 1    Point 2    Point 3   

 Point 4    Point 5    Point 6

 Point 7    Point 8    Point 9

 Point 10  Point 11  Point 12

 

 

120 140 160 180

80

90

100

110

120

 

 

m

 

 

0 240 480 720 960 1200

0

20

40

60

80

100

120

T
e
m
p
e
r
a
t
u
r
e
/
�

c

Time/min

 Point 1    Point 2    Point 3   

 Point 4    Point 5    Point 6

 Point 7    Point 8    Point 9

 Point 10  Point 11  Point 12

 

 

 

 

120 140 160 180

90

100

110

120

130

 

m

 

 

0 240 480 720 960 1200

0

20

40

60

80

100

120

140

d

Time/min

 Point 1    Point 2    Point 3   

 Point 4    Point 5    Point 6

 Point 7    Point 8    Point 9

 Point 10  Point 11  Point 12

 

 

 

 

110120130140150160170180

100

110

120

130

 

 

m

 

 



� 8�                            ������	
��
��������	������                        �2497� 

 

 

 

 

 

 

 

 

 

 

 

� 13  ����� 150 � !"�#$%��&' 

Fig.13  Temperature comparison under different velocities 

at 150 � 
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Fig.14  Temperature variation under different velocities at 175 �: (a) v=0.08 m/s, (b) v =0.12 m/s, (c) v=0.16 m/s, and (d) v=0.20 m/s 
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Fig.15  Temperature comparison under different velocities at 175 � 
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Fig.16  Roll temperature under different temperatures at 

velocity of 0.2 m/s 
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Fig.17  Roll temperature under different roll temperatures 
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Abstract: Nowadays, the roll temperature control method of the magnesium alloy sheet rolling process is not accurate, which has a serious 

influence on the shape, thickness and crack of sheets. So the method for fluid circulation to control temperature was adopted, the 

fluid-solid coupled heat transfer process was simulated and verified using Fluent software by experiment, and then the heat transfer trends 

and laws were given. The results show that when heating the roll by this method, the surface temperature distribution is uniform, the 

maximum temperature difference between the edge and the middle is 6 °C, and the fluid temperature and velocity have little effect on it. 

At different fluid temperatures and velocities, the temperature of the roll rises with the rate decreasing, and when the fluid temperature 

rises and the velocity increases, the temperature rise of the roll becomes faster. The effect of the fluid temperature on the roll temperature 

rise is greater than that of the fluid velocity. The relationship between the temperature of the roll surface and the time is obtained under 

different heating conditions. The roll surface temperature drop has a period of extension when the roll heating is stopped; the higher the 

temperature of the fluid, the longer the extension. There is an error between the simulation results and the experimental results at the roll 

temperature rise stage; when the fluid temperature increases, the error becomes larger; when the roll temperature increases, the error also 

becomes larger; the maximum error is 16.16%. Their results are consistent, indicating that the model can correctly represent the heat 

transfer process of the fluid heating roll. 

Key words: magnesium alloy; fluid heating; fluid-solid coupling; heat transfer model; numerical simulation 
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