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Design of Marine LNG Spiral Wound Water-bath Heat Exchanger with
Freezing Blockage Prevention
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Abstract Spiral wound heat exchangers are often used for LNG ( liquefied natural gas) vaporization on ships because of the advantages of
their high efficiency, compactness, and high mechanical strength. The structure of heat exchangers should be designed properly to prevent
the problem of freezing blockage. This paper proposes a design to prevent the freezing blockage when meeting the process requirements.
Firstly, the basic idea of designing an anti-freeze heat exchanger is to figure out the key parameters of heat exchangers under the condition
that the temperature of water in the tubes is higher than freezing point and the outlet temperature on the tube side is evenly distributed. A
3D-distributed-parameter model is adopted to verify the heat transfer, pressure drop, and anti-freeze performance of the heat exchanger.
Finally, the structure readjustment is developed. The proposed design method is used on a practical LNG spiral wound heat exchanger. The
designed heat exchanger meets the requirements for preventing freezing blockage, and satisfies the requirements of heat transfer and pres-
sure drop. The design results show that the minimum wall temperature on tube side is 7. 32 °C , whereas the even outlet temperature on the

tube side is 31.42 °C, which achieves the purpose of preventing freezing blockage.

Keywords vaporizer; design; freezing blockage prevention; spiral wound heat exchanger; liquefied natural gas
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Fig.1 The technical route
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Fig.2 Structure of spiral wound heat exchangers and

flow path arrangement
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Tab.1 Vaporizer's inlet and outlet condition
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Fig.3 Method for performance verification and

structure readjustment
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Fig.4 Temperature distribution of the heat exchanger

AR SRS Hn % 3
FR AT I B4 AR i 4 A1 115 kW, LNG
M) H R R 80 Pa, AKMERE R 10 Pa, i S BTHHE AR
BR , ERERARIRE N 7. 32 °C, H OOE 4 HK TR
JE R 31,42 C P A BB PRI ZLK

xR 3 BB RUBNSY
Tab.3 Optimized parameters of the heat exchanger
28 AR HfE
EHH 28
EST R 2 JZEH 10
EAREE/m 0.8
LNG MliJ:[%/ Pa 80
Y AR IR R/ Pa 10
PERE S5 B/ kW 115. 00
A RE AR IRLE /C 7.32
P H KR C 31.42
5 &51e

ARSCHE XA LNG S A gs o, 42 i 1 —
P LT B ORI R KO S8 XU g rY e, 753
Wmrg5e.

1) BT By R 38 0 S8 B B3 T B AL AR IR
— 138 —

A IR AR A8 SR AR DG A
(IR RST BIBET Tk

2) P& T T =45 S EE T ) A SR PR BE
D5 FAAZ T %, X BT i S A g R 4 A bk e | R Bk
REFNBH VR EREUEAT REAZ , MR 4l & SR IR Ak 454, 15 51
SAEREA NS5,

3) SRAIA SCHE A BT 5 ik, i B A STk R Y
— 1 LNG S AR A7 8.6 0 B, iH R ik 454 =
BUm B H st 5 R BRI R TR, A
BE AR R 7. 32 °C P39 FUKIR R 31. 42 °C L1
JE BTG PERE RO ER

S% 30k

(1] FU, BELRMR.LNG 3l Iy A& e BUIR 5 #a%4 [1]. 1095
MR ,2011,28(5) :16—-17. ( WANG Feng, PU Jilin. De-
velopment status and trend of LNG power ship [ J]. Jiangsu
Ship, 2011,28(5) :16-17.)

(2] FORI, RN 5K 5 S5 LNG BB Sl 7 i Y & J 3
ARBRTFIHT[T] MR ,2015(4) :7-10. (YE Yao-
chuan, BAI Degang, ZHANG Shaoliang, et al. The devel-
opment status and prospect analysis for LNG power ship
[J]. Marine Technology, 2015(4) :7-10.)

(3] WU WALRARTEARIM]. JE5 AU Tl
2004. (GU Anzhong. Liquefied natural gas technology[ M].
Beijing: China Machine Press, 2004.)

(4] JUBA, R, ERIIE, 2 RIRUESIPLBE RS
BEFEBOIR [J]. PIHEHL, 2006 (5) : 1-3. (YOU Qiuju,
ZHANG Laibin, WANG Zhaohui, et al. Research on fuel
supplying system of natural gas engines[ J]. Internal Com-
bustion Engines, 2006(5) :1-3.)

(5] BRI, 2258 MOCHE. ING-FSRU o) i A< Ak £ A
TP L] AR 5§, 2014, 42 (12) : 66 - 71.
(CHEN Shuangshuang, JI Xin, LIN Wensheng. Compari-
son of LNG-FSRU intermediate fluid vaporizers with differ-
ent disposition [ J]. Cryogenics & Superconductivity,
2014,42(12) :66-71.)

(6] IR AME. LNG HhiE] A Bt A e oA [ 1] AL T
544 2012(10) :75-77. (SONG Kun, YI Peng. Heat
transfer analysis of LNG Intermediate fluid vaporizer[ J].
Chemical Engineering & Equipment, 2012(10) :75-77.)

(7] AFFn, R, Bl sC s IR TUEORTE AL LNG
s B L [ 1] KA Tk, 2012,32(8) : 100~
104. (FU Zihang, SONG Kun, SHAN Tongwen. Applica-
tion of air source gasification technology in large LNG re-
ceiving terminal[ J]. Natural Gas Industry, 2012,32(8):
100-104.)

[8]  RMAE ZREAR. 23 ity IR AL A% SE Al % B4 ) 0 B AT 50 R
SRIFIR [T ] AR5 S, 2011,39(2) :59-63,72. (WU



F41%E F3H
2020 £ 6 H

PR ERIAR A ER NG SURRRT

Vol. 41, No. 3
June, 2020

Xinghua, LI Xiangdong. A review on heat transfer in ambi-
ent air vaporizers [ J |. Cryogenics & Superconductivity
2011,39(2) :59-63,72.)

(9] RED,HEXE, #ARE, %5 LNG K4 KR SRR
Pt #r [ I K AR, 2016 (5) : 75-77. (WU
Runhan, XIA Junzhong, MENG Linkun, et al. Analysis on
vaporization volume of water-bath type vaporizer in LNG ve-
hicle[ J ]. Automobile Applied Technology, 2016(5) :75—
77.)

[10] PREE#:, ERK, SR, 55 K i A s 45 1 i ot 5
PEAEl J]. M T3 f 1R, 2012,33(5) :25-27. (CHEN
Guodong, WANG Xin, LU Zhigang, et al. Improvement
and optimization of the structure of water bath vaporizer[ J].
Chemical Equipment Technology, 2012,33(5) .25-27.)

[11] BUKOWSKI J, LIU Y N, BOCCELLA S, et al. Innova-
tions in natural gas liquefaction technology for future LNG
plants and floating LNG facilities [ C ]//International Gas
Union Research Conference. Seoul, South Korea, 2011.

[12] FBIEEL, # 5 3C, 3k F UM R LNG 248 U a2
BT A & ()], BLH A, 2018, 35 (2) £ 27 - 30.
(ZHENG Xiaomin, HUANG Jiawen, ZHANG Yufan, et al.
Design and manufacture of marine high pressure LNG heli-
cal tube heat exchanger[ J]. Mechanical and Electrical E-
quipment, 2018,35(2) :27-30.)

[13] RBELT, BKAR, 25 LNG B K 2N AL Bl 45 vk
SIRT R R [ )] 4 B 5 4k 18,2014 (5) - 56 - 58.
(WU Xiaohong, CHEN Yongdong, LI Zhi. Analysis and
countermeasure of anti-freezing of LNG spiral wound water-
bath vaporizer [ J]. Plant Maintenance Engineering, 2014
(5):56-58.)

[14] RN eSO A )] P E Al AT TAR

( L5 116 51)

[16] farfR, MysRi=, Bivhig, 4. A58 20048 N T4 7
A Ry rIAT RS [ T]. B AESh ) TR, 2018
(7) :1-6.(HE Jun, TAO Leren, YU Zhongyu, et al. Fea-
sibility study of incomplete wet compression applied to rotor
refrigeration system [ J]. Journal of Engineering for Ther-

mal Energy and Power, 2018(7) :1-6.)

BIEEERT
PaARA=, 55 3, B T2 R IR S 3 ) TR Be e 5

WS B E,2013,34(5) :243. ( WEN Bihui. Design essen-
tials of shell and tube heat exchanger [ J]. China Petroleum
and Chemical Standard and Quality, 2013,34(5) :243.)

[15] NEERAAS B O, FREDHEIM A O, AUNAN B. Experi-
mental data and model for heat transfer in liquid falling film
flow on shell-side for spiral wound LNG heat exchanger[ J].
International Journal of Heat And Mass Transfer, 47 ( 14/
15/16) :3565-3572.

[16] Flss, TR, B, % 3T 07 5 LNG Z84 i
ARV ()] R 4R 2017,37(3) : 12-17,28.
(WANG Tingting, DING Guoliang, DUAN Zhongdi, et al.
A design method based on simulation for LNG spiral wound
heat exchangers[ J]. Chinese Journal of Refrigeration Tech-
nology, 2017, 37(3) :12-17,28.)

[17] Ak, 25 R A0 LNG Bt s oTii e de gl i B =Xt 5
[J].J% T/ ,2016,45(5) :6-10.( YANG Bo, NIU Zhi-
gang. Selection of carburetor structure for LNG supply unit
of ship[ J]. Ship & Ocean Engineering, 2016,45(5) ;6-
10.)

BIEEEEN

THEE, 5,282, A0, s ii e U S 8 ) TR
2B, e AR TR, (021) 34206378, E-mail : glding
@ sjtu.edu.cn, HFFETT 1) - il V& 2 980 ) 0 1 D0 AR 55 87 T
R

About the corresponding author

Ding Guoliang, male, Ph. D./professor, Institute of Refrigeration
and Cryogenics, School of Mechanical Engineering, Shanghai Jiao
Tong University, +86 21-34206378, E-mail: glding@ sjtu. edu.
cn. Research fields: simulation and optimization for refrigeration

appliances and utilization of new refrigerants.

KR TR T BT, 13916356948 , Email ; cryo307 @ usst. edu. cn,,
WFFET5 ) AR Ve R ARIRLE P BB

About the corresponding author

Tao Leren, male, professor, Institute of Refrigeration and Cryo-
genics, School of Energy and Power Engineering, University of
Shanghai for Science and Technology, +86 13916356948, E-mall .
cryo307@ usst.edu.cn. Research fields: low temperature refrigera-

tion system, Cryobio-medical Technology.

— 139 —



