59 % 45 B % X @ K ¥ ¥ K Vol.59 No.5
2025 4E 5 f JOURNAL OF XI’AN JIAOTONG UNIVERSITY May 2025

FiESRERYEHSHASZHBAT
TN FFESCIR A 37

I%'Jiil, EEEE, FLERE', FPER, E
cAEEHE TR ZEMLA S B 2EBE . 100081, J63T;
2. ﬁ%ﬂﬁbﬂ(d\é{]ﬁggﬁﬁﬁﬁ/&ﬁjy 266100, INZARH &)

BE, 2@ F R BHETREAR LD T T HRAREFE FEA R LR EAMELHE,
RET—HEAGEZTRENT T AEX LB FTBRAREA T E, BT ERBESR R ENLEE
LEHGEAAR JEEE SBHARABFRY., RABZHEAHRAIEZES 3 mm. AEH 2 mm 8
316L RFMEME @B AEEXF 1073 m"/m’, ok B AEAF 2346 m"/m’, & THEA
LREMERRE, EBEOR-KRBAETEMNXS L, 2R EFEHAE 200~1 400 & B A&, 02
THHAZBBAR G RN, FTRERAN. LB TRABNERBRAZUIFTAETEXNBAE
89 545 A M G E AT p AR AL LR F B AR AL T B b A M ) R AR A l i aF A R4
Mg A5 RALS A HERXEIRT e BAMR, c BT REER TR TR AR i@ £m T i3,
KB, L@ERARHHEFTREN; cRBRRSR; RAMR

mESES. TKI72 XEiREEH: A

DOI: 10.7652/xjtuxb202505008 XE4HS: 0253-987X(2025)05-0075-12

Experimental Study on Heat Transfer and Flow Characteristics of
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Abstract: As the power output of the mini-channel shell and tube heat exchanger is limited and the mass
production is challenging because of difficulty in tube inserting and low tube bending strength, a
honeycomb-inspired assembled heat exchanger design was proposed. By standardizing the core module,
this design features low cost, high compactness, and superior heat transfer coefficients. The heat
exchanger prototype used 3161 stainless steel mini-channel tubes with an outer diameter of 3 mm and an
inner diameter of 2 mm. The surface compactness of the exchanger was 1 073 m’/m®, and the shell-side
compactness was 234.6 m’/m®, higher than those of conventional mini-channel shell and tube
heat exchangers. A water-to-water heat exchange test bench was set up with a shell-side

Reynolds number range of 200—1 400 to test the heat transfer and flow resistance characteristics.
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As revealed by the experiment, the shell-side heat transfer coefficient of the mini-channel shell

and tube heat exchanger with honeycomb modular structure is five times that of conventional shell

and tube heat exchangers. The blocking tubes between the modules play a crucial role in

enhancing shell-side heat transfer performance by preventing fluid bypassing between the

modules. Through simulation and optimization of the internal structure, the shell-side flow

resistance was effectively reduced, and the friction factor of the shell-side tube bundle of the mini-

channel shell and tube heat exchanger is lower than that of conventional mini-channel shell and

tube heat exchangers.

Keywords: micro shell and tube heat exchanger; honeycomb structure; shell-side heat transfer

coefficient; shell-side flow resistance
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Fig. 1 Schematic of the heat exchanger structure
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Table 1 Main structural parameters of the mini-channel shell

and tube heat exchanger with honeycomb modular

structure
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Fig. 2 Physical diagram of key structural components of the

assembled core
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Fig. 4 Experimental procedure and measurement point layout
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cold water experiments
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Fig. 5 Comparison of the tube-side friction factor

with the data from Ref. [7]
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Table 3 Uncertainty results of heat transfer and friction

factor in hot and cold water experiments
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Table 4 Correlations for calculating the shell-side Nusselt number
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Table 5 Correlations for calculating the shell-side friction factor
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