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Fig.1 Geometrical model of the rubber-film and

cooling-drums
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Fig.2 Three-dimensional geometric model of a cooling-drum

and schematic diagram of internal cooling water flow
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Table 1 Structural parameters of the cooling-drum
SR Hufe
H#&/mm 720
K /mm 1300
BEJEL/mm 10
P B2/ mm 660
A R BE/mm 1025
WS JE JEE / mm 10
12 HE/mm 2050
A4 6
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div(U) =0 (1)
2) STt

: —odi _1.op

div(uU) =vdiv(grad u) p 8x+S”

. . 1 op

div(vU) =vdiv(grad v) ——+++8, 2

() =viiv(grad ) - 125 (2)
div(wU) =vdiv(grad w) _L.al+s

p az w
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W/m® 5 hy S ¥ B0 50RE T 5 25 000 0 i 46 P4 FR 4
W/ (m?K); T, 0525 S e fl (/)98 A0S B T YL B
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ARSI T R AR 28, T R 40 R
680 mmA1 760 mm , JEEE 4354 5. 15 mm F16. 4 mm,
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Table 2 Technical parameters of the rubber-film cooling processes for different working conditions

a— JBF SE R/ JB& R/ HE PR/ e A\ IR AL/ PRHIK AL 75
o mm mm (m-min~") MWEE/C (Lemin~") mE/C R/ C
1 760 6. 40 9 54.5 137.29 15.6 13.7
2 760 6. 40 9 53.4 137.29 15.2 15.1
3 760 6. 40 9 55.7 137.29 15.0 14.9
4 680 5.15 9 55.4 125.4 14.7 14.7
5 680 5.15 9 52.9 124.5 16.0 14.9
6 680 5.15 9 51.7 124.2 16.3 15.0
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Fig.3 Results of grid independence verification for

21.4

a single cooling-drum
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Fig.4 Finite element mesh model of the single

800 mm

rubber-film and cooling-drum
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Ro = poH’  _ 998.2 x0.416 67 x 0. 0864°
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12 960 (8)
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W m/s;d WA DS ERFRERE m; H 1R
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VBB AR DX AR B AS [R] T A 22 03], — e 40
T ARYE TR EECN, AT LK R SR AR QT Rl 43

1) Re <2000 JJZ2 X, i sl B e R BN 2 ;
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S, AT BRI U, S5 AN AR SR LA G

3) Re >4 000 it it X, it sl — 2 B R T Ut

25 LA Ve BRI S B R BE B T Ui B A, JE
T B A OB 26 Realizable k-& HE7 %A

RUSE P00 R e ivs B J 3 ik I8 i 1 52 A= 35 1)
Wsh, BEM KL SE Scalable Wall Function,
2.4 MHBEMEE

TE Fluent SRV 128 Hh € SCHSCHERL, #4RL R
PR 3R 3 Fros, W R AHH ke 857 5 Spalart-
Allmaras#ASRALG AT, W A] DAIZEHS & 1Y TR X Jak
AT i U A A , “Laminar Zone” 9 T 2 5 T U 2
BB RE A AR X i iAo T
JE— BRI 3 = TR AR A SOR A8 205
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Table 3 Material property parameters of the

rubber-film and cooling-drum

" R/ LAY/ SHEH EIpAE:E 74
PR (kgm™) (J-kg™"-K™') (Wm™"-K™") (kgrm™'s™")
T 8030 502. 48 16.27
RHIK  998.2 4182 0.6 0. 001 003
K 1200 1700 1.5 1000

4 A BN R A BUELX IS SR AR e
Table 4 The influence of dynamic viscosity of the

rubber-film on calculation results

BN/ (kgom ™' s ™) WAHUKMBAREE/C I B BIREE/C

0.01 21.03 50. 61
0.1 20.98 50. 62
1 21.02 50. 61
10 20.98 50. 60
100 20.98 50. 61
1 000 21.03 50. 61
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[=0.16+Re™ ¥ (9)
A0
hydro = Lwh?v i u = D/\ (10>
Hisping )
2) BRI AR,

3) e Ve ANGAM R T | N R T AT FIIK 1Y 58
ST A interface 38 ST, A A AR R R R HIEE
VR H/K Z [B] i 4 dh

4) e Fr 5 s A ik ) Ah 2 THT R B ) T
SRR IS, R AR, R 2 i



- 88 - R TRE2AAR (A RBFAR)

2020 4F

H 54 °C 25 SARE R 14 °C, WBCEYIEE N 29 C |
BULIREE F i — RIS EORIT R IR A 52 [ BIRHR
PR R H, A ORISR TR N s R AR
PSR SRR p,, = 1. 128 kg/m® 2SR
NFE u,. =1.91 x10 7 kg/(m-s) , 25 B S
ZHA, =2.76 x1072 W/ (m-K) . HHE% Pr=
0.699 , JIlE A M v =0. 15 m/s, I FEfE L=0.76 m,
B2

UL
Re _Pa?t _1.128 x0. 15 x0.76 —6732. 56

Moir 1.91 x107°

(11)
JBE 5 28 SR TR R B by AR
A Prl/3

B =0.402 “2Re? )
1 e [1+(0.0336/Pr)** "

-2
0.45 =0. 402 ><2'7(6)+é0 «6732. 56" x
0. 699
+0.45 =
[1+(0.033 6/0.699)7 "
1.48 W/(m*-K) (12)
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PR DI 5 2 A A %) 2 T 389 18 R e e G R A%
8, T R 7Eve ) A v e R EK T
F% [ S| — 8 3 PR A ¥4 0 55 e i A 5% 4 L T
B B FREEEE R 35 °C 25 SRR 14 ¢, W H
SR 25 °C |, 2 B RS BT 2R R s Ak
KPS S E N FE v, =1.65x107°
ke/(mes); B FRREN, =2.71 x107> W/
(m-K) ;o FRBUE LB, % T BARL AR BN 45 T4
X RIS D AR E NS s Nu 5% FE/RBL, Gr
kSRR KL W R Pr=0.701,C B2 0. 53 ,n HL
0.25 , 2 HIE S 2 MR A R B by LA

!
a-g-AT-D’

Nu=C-(Gr-Pr)" (13)

h _/\airN
= D u
a-g-AT-D*
VZ

2.71x107°
0.72

Pr )n =
x0.53 x

e i :
(298 x9.81 x (308 —287) x0.72

1/4
0.701 ) =
(1.65x107%)? 8 )

3.2 W/(m?+K) (14)
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Fig.5 Temperature distribution of the whole
rubber-film
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2) ¥ HIK Y SR AU 45 2R 15 9 0 80 X
Fo ARSI 22 8T 6% , 0181 9 Fis . K 85 T

SNV F S T R AL 4 2R S I A X
e, FXF IR 22 MK T 8% , U BRI e 2 T AT A0
3)4nlE 10 s, BE 1 =5 10, A FK it H
T 2EAR /N BB R L5 SR AR
4) 5 8 HV S e A PG R v i 4% e A T
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Table 5 Comparison of the simulation results with

experiment for working condition 1

BHUKSE  BEIKH

WH BB Rk K
ﬁﬁ%ﬁgwﬁuﬁﬁﬁuﬁ(giif/(§ﬁ§V<%wﬁy
5 ) /c BUE)/C « f;c %
1 50. 08 21.26 5. 66 22 3.353
2 46.79 20.73 5.13 21.8 4.90
3 43.79 20. 26 4. 66 20.4 0. 689
4 41.09 19. 84 4.24 20.5 3.24
5 38. 66 19. 38 3.78 19. 1 1.49
6 36. 48 19. 00 3.40
7 34.48 18. 69 3.09 18.5 1.01
8 32.70 18. 40 2. 80 19.2 4.15
9 31.07 18. 11 2.51 18.5 2.10
10 29.61 17. 88 2.28 18.4 2.84

#o6 L1 TR RERR TR RE (L
Table 6 Energy transfer in the rubber-film cooling

system for working condition 1

oy WHK S ER RHEN BHSNFEE
e WelRE R SREBUEAY FEEUHRY
/W /W ak/w ak/w

1 5413.24 61.5 12. 14 26. 01

2 4888.4 55. 66 11. 44 24.43

3 4417.86 50. 75 10. 82 23.31

4 3990.4 46. 06 10. 26 22.37

5 3604 42.06 9.67 21

6  3260.16 38.2 9.16 19.75

7 2951.8 34.97 8.76 18.89

8  2670.7 31.84 8.38 18.2

9  2415.3 29. 17 8. 00 17. 44

10 2183 26.6 7.69 16.8
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Table 7 Comparison of the simulation results with

experiment for working condition 2

7 TN m

S fo’ ) ﬁ ‘f[fﬁ et
B RGBSR

5w w0 T

1 49. 09 20.90 5.70 21.4 2.32

2 45. 86 20. 32 5.12 21.2 4.14

3 42.93 19. 84 4. 64 19.9 0.30

4 40. 40 19.22 4.02 19.9 3.40

5 38.00 19. 00 3.80 18.6 2.17

6 35.85 18. 66 3.46

7 33.88 18.33 3.13 17.9 2.39

8 32.12 18. 04 2.84 18.7 3.52

9 30. 52 17.78 2.58 18.2 2.30

10 29. 08 17.55 2.35 17.9 1.97

8 LU 3 MBS R I ARRT

Table 8 Comparison of the simulation results with

experiment for working condition 3

W R kR TR
A T T T
BB SREGE o S
L S Y4 G Y5 V4 Y%
C C
1 51.09 21.00 6. 00 21.1 0.45
2 47. 66 20. 45 5.45 20.9 2. 15
3 44. 54 19. 96 4.96 19.5 2.36
4 41. 83 19. 34 4.34 19.5 0. 84
5 39.28 19. 07 4.07 18.2 4. 81
6 36.99 18. 69 3. 69
7 34. 89 18. 34 3.34 17.6 4.20
8 33.02 18. 04 3.04 17.5 3.10
9 31. 31 17.74 2.74 17.5 1.38
10 29.78 17.50 2.50 17.6 0. 58

O TUL4 BHUSER S I RR

Table 9 Comparison of the simulation results with

experiment for working condition 4

BH B R
e IRBE (BN S BE (5

W HIK 2t
MRz SR (4
(BHUME) / (SElME) /7 XHE)/

BHIK

AR

5 fd)y/Cc  #UE)/C
C C %

1 49.95 20.77 6.07 20. 4 1.81
2 45.58 19.98 5.28 20.1 0.62
3 41.76 19.33 4.63 18.7 3.39
4 38.55 18.63 3.93 18.8 0.90
5 35. 61 18.28 3.58 17.4 5.06
6 33.07 17. 86 3.16

7 30. 81 17.45 2.75 16.9 3.27
8 28.85 17.15 2.45 16.7 2.68
9 27.12 16. 83 2.13 16.7 0.75
10 25.72 16. 57 1.87 16.7 0.77

F10 LA S MRTIEE IR 5 S 25 X LY
Table 10 Comparison of the simulation results with

experiment for working condition 5

BHUK  REKEE BHKIR

L L
SRR i, s, (s, oo
5 fE)/C 1H) /%

C C C

1 47.95 21.41 5.41 20.6 3.93
2 43.98 20.72 4.72 20. 8 0. 40
3 40.52 20. 17 4,17 19.4 3.99
4 37.61 19. 50 3.50 19.4 0.52
5 34.94 19.17 3.17 18. 1 5.91
6 32.63 18.79 2.79

7 30. 58 18. 42 2.42 17. 4 5.88
8 28. 80 18. 15 2. 15 17.2 5.51
9 27.22 17. 86 1. 86 17.2 3.81
10 25. 86 17. 61 1.61 17.3 1. 80

F 11 1B 6 BIBLIEE A 5 5L S5 X L
Table 11  Comparison of the simulation results with

experiment for working condition 6

RHUKEE R

B H\sa)#:l'.%? fé\{ﬂ]k”",,_ WEEE SRR AR
egw MR SO (B ey 2 (4%t
5 BME)/C ) /C ) /%
C C
1 46.92 21.55 5.25 20.9 3.11
2 43.12 20. 87 4.57 21.1 1. 11
3 39.79 20.28 3.98 19.8 2.45
4 37.01 19. 64 3.34 19.8 0. 80
5 34.45 19.36 3.06 18.4 5.22
6 32.23 18.96 2. 66
7 30.27 18.62 2.32 17.8 4.63
8 28.56 18.35 2.05 17.2 6.67
9 27.05 18.07 1.77 17.2 5.03
10 25.74 17.83 1.53 17.7 0.75

12 6 P LA R BT N AN SR )
RRADEL 5 S B X L
Table 12 Comparison of the simulated and experimental values
of the temperature of the rubber-film leaving the tenth
cooling-drum under the six different working condi-

tions

T BEHLME/ C

SCE/C o MRTHRZE (HHE) /%

1 29. 61 29.6 0.03
2 29. 08 28.8 0.97
3 29.78 28.6 4.13
4 25.72 27.3 5.79
5 25. 86 28. 1 7.97
6 25.74 26.4 2.50
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Numerical simulation of the heat transfer between a
rolling rubber-film and cooling-drums

MA WenXin' YU Hong]ie1 LIU YunYun? QIAN CaiFu'"

(1. School of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029 ;
2. Qingdao Soft Control Mechanical and Electrical Engineering Co. , Lid. , Qingdao 266300, China)

Abstract ; Cooling of a rolling rubber-film on cooling-drums plays a vital role in determing the quality of the rubber-
film. In the cooling process, the number of the cooling-drums and the amount of the cooling water need to be con-
trolled in order to achieve effective cooling and good quality rubber-films. In this paper, the software Fluent is used
to simulate the stable heat transfer process of a rubber-film on cooling-drums. In order to solve the problem of simu-
lating the heat transfer for a solid film moving on rotating drums, a method which we call rubber-film cooling simu-
lation under heat-fluid-solid coupled heat transfer is proposed. Using this method, the cooling processes of six rub-
ber-films on ten cooling-drums were simulated and the temperature distributions in the rubber-films were obtained.
The simulation results well agree with experiment, confirming the validity of the method proposed, and thus the
problem of heat transfer from moving solid films to rotating drums has been solved.

Key words: rubber-film; cooling-drum; heat transfer; numerical simulation



