Hans Journal of Chemical Engineering and Technology #h2 TR 53# K, 2021, 11(4), 185-195 Hans Y
Published Online July 2021 in Hans. http://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2021.114026

ERNBARTESRREERELE

ERE, AR, ALY FTERY, B!
UHET RS2 TR S AE M) TR S b Ak g TR A 5 8 S0 =, T B
EAAENE AL TESERAR, T BE

Email: “jiajunwang@zju.edu.cn, wangjql105@foxmail.com

i

ks HiA: 202145 H17H; FHEM: 20214F6 H23H; & HM: 20214F6 H30H

H E

BRABRMBEE A L ENARTZHRAREY L —. AXUER T ERABRBHRF WAL
ERUBARKBIAER, 27T EAERBARAKMRSAESA L. ANEHRGEERSRENEER
B IER, FEAREAWER. N5, ARIRFEERMRME. HARHFAE, BHREERA
UREREESBAL R R A ERARRSRBELREFR LR, FRAENEAY. NHRAE
HATIRGE. B iR EHS BEARmBEITRRA AN TRERRLFEREE, BRmRe, #mRst
feRtkRe. HAERMRIHMERMERNFRN BB ERMMSIE T, EUARRT-RABIZEER. &
fe R SIRTEB AR F 2 TR BT A RBR LSRRI AN EZ T A, FN ASRASEME AL SR
BEEMUALEITT TR R

XA
BrAHNE, LHEL, BERE BR

Heat Transfer Enhancement Techniques for
High-Viscosity Fluid in Shell-and-Tube
Heat Exchanger

Jianqing Wang!, Jinling Shi?, Longsheng Shiz, Jiajun Wang?!*, Lianfang Feng!

'State Key Laboratory of Chemical Engineering, College of Chemical and Biological Engineering, Zhejiang University,
Hangzhou Zhejiang

’Qidong Julong Petrochemical Equipment Co., Ltd., Qidong Jiangsu

Email: “jiajunwang@zju.edu.cn, wangjql105@foxmail.com

Received: May 17", 2021; accepted: Jun. 23", 2021; published: Jun. 30", 2021

DEAEE .

NESIA: EE, e, ek, FRR, mEY. B S hm R e Rt D). (e TREEER,
2021, 11(4):185-195. DOI: 10.12677/hjcet.2021.114026


http://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2021.114026
https://doi.org/10.12677/hjcet.2021.114026
http://www.hanspub.org

AT 45

Abstract

The shell-and-tube heat exchanger is one of the most widely used heat exchangers in industry. The
research progress of heat transfer enhancement techniques for high-viscosity fluid in shell-and-tube
heat exchanger was reviewed. The advantages and disadvantages of various techniques were ana-
lyzed. The high-viscosity fluid presents laminar or transitional flow patterns in the tube side and
the shell side. The small flow velocity close to the heat transfer surfaces and the weak flow distur-
bance lead to low efficiency and inhomogeneity of heat transfer. It is pointed out that thinning the
thickness of thermal boundary layer or destroying its development, and strengthening the radial
mixing are the keys to the heat transfer enhancement of high-viscosity fluid. The application of tube
inserts, compactly arranged tubes or efficient baffles can reduce the thickness of the laminar boun-
dary layer, strengthen the radial mixing and then improve the heat transfer performance. Howev-
er, when the heat transfer performance is improved, the flow resistance significantly increases,
which limits the improvement for the overall performance of heat exchangers. Therefore, the tech-
nique with high heat transfer performance and low flow resistance is the main research direction
of heat transfer enhancement for high-viscosity fluid. Additionally, simplified structure and better
comprehensive performance are the development trend of the shell-and-tube heat exchangers.
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Figure 1. Tube inserts
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Figure 2. Fluid flow behavior in Kenics static
mixer and empty tube
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Figure 3. Flow mechanism in pipes with different number of twisted tapes and
rotation directions [8]
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Figure 4. Spiral heat exchange tube
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Figure 5. Chinese knot type enhanced mixing and heat exchange
device
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Figure 6. Flow behavior of shell side fluid
under the influence of: (a) segmental baffles,
(b) spiral baffles, (c) longitudinal baffles [27]
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Figure 7. (a) louver baffle, (b) torsion flow baffle
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Figure 8. Variation of Fc with Vs of trisection, quadrant and
sextant helical baffles at different helix angles 5 [33]
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