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Structure Optimization and Numerical Simulation of

Low-Temperature Oil Seal Cooler

GAO Hai, YU Jiuyang', XU Jianmin, ZHENG Xiaotao, LIN Wei
School of Mechanical and Electrical Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: Aiming at the shell-and-tube heat transfer existing stagnant zones at the back of baffle, we optimized

the structure of the baffle in shell-side of the heat exchanger, and studied the effects of the baffle with round and

taper hole on the performance of heat transfer and pressure-drop of the low-temperature oil seal cooler by numeri-

cal simulation respectively. Result shows that the baffle with round hole is more conductive to reduce stagnant

zones at the back of baffle and improve the performance of heat transfer of the cooler when the velocity of

shell-side entrance is less than 1.3 m/s; and the baffle with taper hole is more advantageous to enhance the heat

transfer of the cooler when the velocity of shell-side entrance is more than 2 m/s. Moreover, the baffles with

round and taper hole are beneficial to reduce the pressure-drop of shell-side with almost the same eflfects.
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Tab.l  Physical properties of shell-side fluid

pl(kg-m®  w/(MPa-s) A/(W-.m'-K) C,/(kJ-kg™")

669.32 0.2412 2.2057 0.1125
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Fig. 1 Model of the shell-side of cooler
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Fig. 2 Schematic diagram of baffle with round hole
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Fig.3 Schematic diagram of baffle with taper hole
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Velocity image of the back of baffle with round hole at
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0.8 m/s of shell-side entrance
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Fig. 5 Velocity image of the back of baffle with taper hole at

0.8 m/s of shell-side entrance
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Fig. 6 Velocity image of the back of balfle with round hole at
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Fig. 7 Velocity image of the back of baffle with taper hole at

1.3 m/s of shell-side entrance
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Fig. 8 Velocity image of the back of baffle with round hole at

2 m/s of shell-side entrance
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Fig. 9 Velocily image of the back of baffle with taper hole at

2 m/s of shell-side entrance
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Fig. 10 Velocity image of the back of baffle with round hole

at 3 m/s of shell-side entrance
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Fig. 11 Velocity image of the back of baffle with taper hole

al 3 m/s of shell-side entrance
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Fig. 12 Pressure field of baffle with round hole of cooler
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Fig.13  Pressure field of baffle with taper hole of cooler

5 4 i

DAL B 3 3 4 1 S8 A 7 3 3 B8 X TR
3 590 X 3 AR T 15 L AHE S L 4 20 45 4 AR 1k e
RIS o B 52 W R AT BELASEAU 3 B, 75 13 LR 458

1) H5EfA N EEMR T 1.3 m/s, Prift IR
AL A T80T AR R SIS X, A A
for oC T B SR AL AL IAPERE 5 2 Fe B A TR R T
2 m/s N, T BT HETE AL A F T8 20 8% 5T 7 1Y
s AL 1L A

2) 3 B LR X M B G Y SR O, 2 A TR
BN IR T HETE AL T R B E i 5L AT 2K
B SRR, T 24 A T R 3% 3 b K 3 3 AR T
FLAH T RS RE 17 HLAT R S

3) I AT 15 FLAHEE FLETA R T80 e 20
e R T I, 3 0 T R 4 52 T T ] 1. 2 531



398 I TR 24 384
P L6] A7, B ife, SRk, 45 4 e U B i i 3 5
' HE 5 2 B BCE AL ). A6 TR, 2012,31(11)
(1] ARG HE. SRALAL AR B TR A M. L5 HUAR Tl oh 2384-2389.
B4t 1985. FU L, TANG K L, WEN H B, et al. Numerical simula-
(2] SAE, &R T, INE. i S B Ak i s 7o tion of shell and tube heat exchanger fluid flow and
PR E S T] AL T 23R . 2011(5) : 1233-1238. coupled heat transfer [J]. Chemical industry and engi-
QIAN C F, GAO H Y, SUN H Y.Shell-side fluid flow neering progress,2012,31(11):2384-2389.
and heat transfer in curved baffle heat exchanger[J]. (7] BUEAS. 4% 70 A P 7 BB AL S A b DAL F 52
Journal of chemical industry and engineering, 2011(5) : [D ] WK R IR /K T AR K, 2011.
1233-1238. (8] W2 ERA M. il S T AR A A AR T AR )
(3] A, D5, A0, % Irifor L & e X ey RYBCE R[] ], JEF1 4545 ,2010,27(2) : 24-27.
PEREMISE W [T]. 1L 77 A Wik TR 2423 , 2013, 33 GAO H Y, QIAN C F. Numerical simulation of pressure
(3):47-50. drop in shell side of curved baffle heat exchanger[]].
GUO T,MA G Y, SHI L, et al. Effect of opening on the Pressure vessel,2010,27(2) :24-27.
performance of shell-and—tube heat exchanger [1]. (9] FHRHE.ERAMAR MRS EEEL[D]. Jb 5.
Journal of Liaoning university of petroleum & chemical HEA RS2, 2010.
technology,2013,33(3) :47-50. [10]  MaTJUBH , 40 B AR Il V2 202540 AT FL M R ATL I
(4] =840, B5tFH, sk—A, 55 BRI S BT AR e a4t W) ], CRRA AR ,2014,35(2) :371-374.
AR iR AR A R AR E ST L], Ak T, 2013, 42 YU J Y, XU C. Mechanism research the performance of
(10):1392-1394. low-temperature oil seal cooler with perforated baffle
GUO T, MA G Y, ZHANG Y N, et al. Optimization [J]. Journal of engineering thermophysics, 2014, 35
research of baffle curvature radius in spherical baffle (2):371-374.
heat exchanger [J]. Contemporary chemical industry, Cre] s, m U BH. Rl B2 i 0T T 8 e U It AR T LA AR
2013,42(10):1392-1394. Ak RE R B LT ). AU T2, 2015, 44(1)
(5] FB/NUE, A Iih BRI Ve 20 8 I T AR T AL 1 % ke 212-214.
fig[J]. B LR K224 ,2012,34(9) :62-65. YE M, YU J Y.Numerical simulation on the perfor-
ZHENG X T, XU C. Performance of low-temperature oil mance of the heat exchanger with perforated baffle in
seal cooler with perforated baffle[J]. Journal of Wuhan high viscosity fluid[J]. Contemporary chemical indus-
institute of technology,2012,34(9) : 62-65. try,2015,44(1):212-214.
A G B 2 TP
(L3424 385W) Journal of pressure vessel technology , 1997, 119 (4) :
LU X F,SHEN Y. Reliability analysis of high tempera- 10-17.
ture flange sealing joint[J]. Pressure vessel, 2007, 23 [8] NECHACHE A, BOUZID A H. On the use of plate theo-
(9): 20-23. ry to evaluate the load relaxation in bolted flanged joints
(4] "TEHEZRRELERZA S, 28R RE R L subjected to creep[ J]. International journal of pressure
[m] 3 % 3 4 7 1 GB/T12622-2008 [S]. b3« Hh E b7 vessels and piping, 2008, 85(7):486-497.
i A, 2008. [9] ALKELANI A A, HOUSARIB A, NASSAR S A. A pro-
[5] BOUZID A, NECHACHE A. An analytical solution for posed model for predicting clamp load loss due to gasket
evaluating gasket stress change in bolted flange connec- creep relaxation in bolted joints [J]. ASME journal of
tions subjected high temperature loading[J]. Journal of pressure vessel technology, 2012, 134(2): 517-522.
pressure vessel technology ,2005,127(4) :414-427. [10] 28 R ,Z50R Uk, HRIER, 55, 1Bk 2k 2% &t

[7]

BOUZID A, NECHACHE A. Thermally induced deflec-
lions in bolted flanged connections [J]. ASME journal
of pressure vessel technology ,2005,127(4) : 394-401.
BOUZID A, CHAABAN A. An accurate method for

evaluating relaxation in bolted flanged connections [11.

BRI AL TR 5, 2012,49(5) :1-10.
CAT R L, CAI N S, ZHANG N Z, et al. Safe sealing
technology for bolted flange connection (2) [J]. Pro-
cess equipment and piping,2012,49(5):1-10.

S E e



