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Abstract

The rifled tube microchannel as the core component of an efficient and compact heat exchanger has
broad application prospects in high-power electronic device cooling, aerospace thermal manage-
ment, and air conditioning refrigeration. This paper systematically reviews the research progress
of rifled tube microchannel heat transfer enhancement, with a focus on the influence mechanism of
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rib shape and geometric size on the flow and heat transfer characteristics. By sorting out the re-
search results at home and abroad, it summarizes the effect laws of rib geometric parameters on
secondary flow intensity, boundary layer disturbance, heat transfer deterioration suppression, and
resistance characteristics, and analyzes the advantages and disadvantages of different rib shapes
and their applicable conditions. The research shows that triangular rib shapes have the most com-
prehensive performance advantages due to their good streamline and moderate turbulence inten-
sity. Trapezoidal rib shapes perform outstandingly at high Reynolds numbers. Square rib shapes
have the strongest disturbance but excessive resistance loss. Current research still has problems
such as insufficient systematic comparison of rib shapes, unclear multi-parameter coupling mech-
anism, and poor universality of prediction correlation formulas. Future research should focus on
the coordinated optimization of rib shape and size, machine learning-assisted design, and the es-
tablishment of a multi-condition adaptability evaluation system. This paper can provide theoretical
references for the structural optimization and engineering application of rifled tube microchannel
heat exchangers.
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Table 1. Typical research findings on the impact of ribbed structures on flow heat transfer
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Figure 1. Geometric models of three types of pipes; simulation results of
the outer wall temperature fields of the three types of pipes; velocity vector
of the middle plane of the three types of pipes
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Figure 2. The influence of helix angle on the pressure drop per unit pipe
length at different Reynolds numbers
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Figure 3. Models with 2 and 8 ribs; isotherm lines and velocity vectors at the cross-section

3. AR 2R MABMRE,; BHLHEESFELMRERE

0 lLa‘—n E E

PR AU I T A LR (0 BT s AL AR AL, 8 B T oS PRI W S LA ) B I S i A v
KIS WU I ) B2 N A . WEFERM], RO TR S R, WIRSUE REA 205 F Ik
Wi, SEZARIB AT IHMRL AL, HAEREM S CAES - IS Bl S S5 SR R 2156IE. 28
1M, HHTET AR RWOEIE X LB = R Ge0E . 2 LTS BRI AR S HLH A TEM, LB T Sk
AU E PR A AR TERE ) TS RO e R4, SIALER A 2 S5 et 5 B Bh it

DOI: 10.12677/aepe.2026.142008 76 MLy 5 Re Rt


https://doi.org/10.12677/aepe.2026.142008

WRaR SF

FFE5 S ARG BORTT I 2 00N fSEIeI0E, AR S S8 B I PEREVEAN A &R o IR AR - ) 45
FRT BN AN R LEE, A SR HE ) N IRAUE NG0B FILER MR BT S, Dy v D) 38 e & i AViE PR
P R R TT 5

&5k

(1]

(2]

Sefiane, K. and Kosar, A. (2023) Prospects of Heat Transfer Approaches to Dissipate High Heat Fluxes: Opportunities
and Challenges. Applied Thermal Engineering, 215, Article 118990.
https://doi.org/10.1016/j.applthermaleng.2022.118990

Yeh, L.T. (1995) Review of Heat Transfer Technologies in Electronic Equipment. Journal of Electronic Packaging, 117,
333-339. https://doi.org/10.1115/1.2792113

Miao, Y., Zhang, T., Xu, X., Yang, S., Chen, H. and Huang, H. (2025) A Comprehensive Review on Advanced Micro-
channel Cooling Technologies: Two-Phase Thermal Management and Machine Learning Applications. Applied Thermal
Engineering, 279, Article 127697. https://doi.org/10.1016/j.applthermaleng.2025.127697

Yu,Z.Q.,Li, M.T. and Cao, B.Y. (2024) A Comprehensive Review on Microchannel Heat Sinks for Electronics Cooling.
International Journal of Extreme Manufacturing, 6, Article 022005. https://doi.org/10.1088/2631-7990/ad12d4

Tuckerman, D.B. and Pease, R.F.W. (1981) High-Performance Heat Sinking for VLSI. /[EEE Electron Device Letters, 2,
126-129. https://doi.org/10.1109/edl.1981.25367

Behnampour, A., Akbari, O.A., Safaei, M.R., Ghavami, M., Marzban, A., Sheikh Shabani, G.A., ef al. (2017) Analysis
of Heat Transfer and Nanofluid Fluid Flow in Microchannels with Trapezoidal, Rectangular and Triangular Shaped Ribs.
Physica E: Low-Dimensional Systems and Nanostructures, 91, 15-31. https://doi.org/10.1016/j.physe.2017.04.006

Du, X., Li, W., Zhang, X., Chen, J., Chen, T. and Yang, D. (2022) Experimental Research on the Flow and Heat Transfer
Characteristics of Subcritical and Supercritical Water in the Vertical Upward Smooth and Rifled Tubes. Energies, 15,
Article 7941. https://doi.org/10.3390/en15217941

Zhang, J.Z., Zhang, L.L., Zhang, B., Zhou, N.X., et al. (2024) Numerical Analysis and Experimental Study of Two-
Phase Flow Pattern and Pressure Drop Characteristics in Internally Microfin Tubes. Case Studies in Thermal Engineering,
64, Article 105521. https://doi.org/10.1016/j.csite.2024.105521

WARE, FRAE, ZoRE). & AR AL AR T SRR VRN [J]. AL 24K, 2006, 57(2): 241-245.
PR, 7SRRI S m AR A IR SURE  R R D], ARk TFE, 2007(2): 33-34.
=, eI T NIRSUE OB E A B R AR SRR T [I]. YA 5 2T, 2011, 11(1): 59-61.

Liu, E.G., Wu, H.Y. and Tang, H.M. (2009) Flow and Heat Transfer Characteristics in Silicon-Based Microchannels
with Internal Ribs. CIESC Journal, 60, 1906-1911.

R, R 1 e A ESE 25 W B TR BF SR BUIR[T]. HUAR T RR I, 2018(8): 95-97.
B, FORVT. OB TE AR I A R FHEIR ], TR, 2016, 35(S1): 10-15.

Khan, M.G. and Fartaj, A. (2011) A Review on Microchannel Heat Exchangers and Potential Applications. /nternational
Journal of Energy Research, 35, 553-582. https://doi.org/10.1002/er.1720

Maiga, S.E.B., Nguyen, C.T., Galanis, N. and Roy, G. (2004) Heat Transfer Behaviours of Nanofluids in a Uniformly
Heated Tube. Superlattices and Microstructures, 35, 543-557. https://doi.org/10.1016/j.spmi.2003.09.012

A, BUAE e, AR, A — L. AT AEIE AR IG5 RP-3 WL AEUE R [0]. MRS HER, 2025,
24(4): 375-383.

AT, wE, R, £ IRE TR WAHRMGERIE A R[], el s T EOR, 2025, 62(8): 78-91.

Kaya, A., Ozdemir, M.R., Keskinoz, M. and Kosar, A. (2014) The Effects of Inlet Restriction and Tube Size on Boiling
Instabilities and Detection of Resulting Premature Critical Heat Flux in Microtubes Using Data Analysis. Applied Ther-
mal Engineering, 65, 575-587. https://doi.org/10.1016/j.applthermaleng.2014.01.062

FAICTE. WIRGCE P I ¢ RP-3 {7 S e R EE BT FE[D]: [ 20018 3C). F Ak ZRABHLIRAE, 2024,
FRILEE. BEAU IR A AL AR S B SE LA JE[D): (18 -2 A0 5. MR /R MR R LRER 2, 2024,
KEA, B, UK, & PIBSCE TR R EUERIT]. TR 2B 2R, 2023, 34(4): 51-58.

EIels . NIRSUE A R S ORI FE[D]: [ 220018 30]. A Hh 5 T2, 2023.

i, WIRLUEE AR SRR S BE ) SRt 58 [D]: (A 24608 3], N R TR, 2023.

DOI: 10.12677/aepe.2026.142008 77 EEpARST: o heid


https://doi.org/10.12677/aepe.2026.142008
https://doi.org/10.1016/j.applthermaleng.2022.118990
https://doi.org/10.1115/1.2792113
https://doi.org/10.1016/j.applthermaleng.2025.127697
https://doi.org/10.1088/2631-7990/ad12d4
https://doi.org/10.1109/edl.1981.25367
https://doi.org/10.1016/j.physe.2017.04.006
https://doi.org/10.3390/en15217941
https://doi.org/10.1016/j.csite.2024.105521
https://doi.org/10.1002/er.1720
https://doi.org/10.1016/j.spmi.2003.09.012
https://doi.org/10.1016/j.applthermaleng.2014.01.062

ke S

[25]

[26]

[27]
[28]

(29]

[30]

(31]

(32]

[33]

[34]

HLE, ERR, EEE &EEECN B &R WIRSUE B 55 (0], TERR TR 22 AR (A SRR ),
2021, 17(2): 30-32+37.

Negi, V.P.S., Pandey, V.K. and Ranganayakulu, C. (2024) Optimization of Rifled Tube by Parametric Changes Using
CFD for Goodness Factor Enhancement. Heat Transfer, 53, 688-706. https://doi.org/10.1002/htj.22970

AR, BRREME, sk, 25 T BN IBSUMRE N Taylor IR AL I BE T L[], L2 TFE, 2017, 45(9): 45-51.
FELA, I0E, FWE, & BEMNBESCEREBIGA RP-3 Al Bl AR SUE T L[], TR R B 2R,
2024, 45(3): 826-835.

TkaE, XEANE, HEEhRL, 25 WURI Y IRSUE H I SK AL BORR BB R R A D). U 22 A0 R A 2R R, 2020,
54(12): 106-115.

MERE, 2508, #IR, . LRI IRSUE POl I AR AL BRe R 0 BUE B X LIRS AT (3], 3000 TR 224k,
2019, 39(11): 893-899.

LA, AR TN P BREUE il FK B BRI FE[D]: (L2 A0ig 5] B RIIEE TR, 2020.

Shanmugam, M. and Maganti, L.S. (2024) Experimental Investigation of Microchannel Heat Sink Performance under
Non-Uniform Heat Load Conditions with Different Flow Configurations. International Journal of Thermal Sciences,
203, Article 109128. https://doi.org/10.1016/j.ijthermalsci.2024.109128

TALA, BRKE, Xk, S BT AR AR IR OGN Y SRSUE M SRk RE OBt U 0], K U RS,
2025, 17(10): 157-166.

Shahsavar, A., Jafari, M., Baniasad Askari, I. and Selimefendigil, F. (2023) Thermo-Hydraulic Performance and Entropy
Generation of Biologically Synthesized Silver/Water-Ethylene Glycol Nano-Fluid Flow Inside a Rifled Tube Using Two-
Phase Mixture Model. Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 45, 4463-4480.
https://doi.org/10.1080/15567036.2020.1850932

DOI: 10.12677/aepe.2026.142008 78 EEpARST: o heid


https://doi.org/10.12677/aepe.2026.142008
https://doi.org/10.1002/htj.22970
https://doi.org/10.1016/j.ijthermalsci.2024.109128
https://doi.org/10.1080/15567036.2020.1850932

	内螺纹管微通道强化换热研究综述
	摘  要
	关键词
	A Review on Heat Transfer Enhancement in Microchannels with Rifled Tubes
	Abstract
	Keywords
	1. 引言
	2. 内螺纹管微通道强化换热的发展历程
	2.1. 强化换热技术的演进脉络
	2.2. 微通道尺度的内螺纹管研究兴起
	2.3. 内螺纹管研究的多元化发展

	3. 肋片形状对流动换热影响的研究现状
	3.1. 不同肋形结构的特点与作用机制
	3.2. 肋形对二次流与旋流强度的影响
	3.3. 不同肋形的综合性能对比

	4. 肋片尺寸参数的优化研究
	4.1. 肋高对换热与阻力的影响
	4.2. 螺旋角与肋间距的影响
	4.3. 肋宽与肋条数的影响

	5. 总结与展望
	参考文献

