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Flow Boiling Heat Transfer Characteristics in a Ribbed Micro-Channel with
Rectangular Reentrant Cavities

WU Yue, ZHANG Zitao, HE Kun, YAN Xin

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To reveal the mechanism of enhancement of flow boiling heat transfer in ribbed microchannel
by rectangular reentrant cavities, this study experimentally investigates the flow boiling heat transfer
characteristic in the ribbed microchannel with rectangular reentrant cavities. It involves measuring
the heat transfer coefficient and pressure drop in the rectangular reentrant microchannel (RCRM)
by considering a range of mass fluxes (G=200—500kg * m ? + s ') and heat fluxes (¢g=0—78.
16 W+ ecm ?). The thermohydraulic performance in the RCRM is compared with that in the
ribbed microchannel without rectangular reentrant cavities. Incorporating visual measurements,
an analysis is made regarding the flow patterns during the flow boiling process in the
microchannel. The experimental results demonstrate superior heat transfer characteristics in the

RCRM compared to the ribbed microchannel without rectangular reentrant cavities. Particularly,
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under high mass flux conditions (G=>400 kg » m™* «
RCRM improves across all flow regimes. At G=500kg * m *

s '), the heat transfer performance in the

+ s ', the improvement amounts to

14. 8%. The presence of reentrant cavities enhances capillary traction effects on the liquid phase,

boosting heat transfer capability and critical heat flux in the ribbed microchannel at high heat flux

levels. The critical heat flux in the RCRM surpasses that in the ribbed microchannel without

reentrant cavities by 15.2%. While the pressure drop penalty in the RCRM slightly exceeds that

in the ribbed microchannel without reentrant cavities in the single-phase flow region, the pressure

drop penalty in the RCRM is lower in the two-phase region. Specifically, at G=500kg * m * « s ', the

pressure drop penalty in the RCRM is reduced by 48%.

Keywords: ribbed-microchannel; heat transfer; flow boiling; reentrant cavity; flow visualization
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Fig. 1 Schematic view of the experimental test setup
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Fig. 2 Distribution of thermocouples in the test section
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Fig. 3 Schematic of micro-channel heat transfer

experiment test section
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Fig. 4 Schematic of heat transfer surface (with rectangular

reentrant cavities)
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Table 1 Geometrical dimensions for the heat transfer surface

Hyw/ H./ Ww/ Wa/ W./ L./
I

pm pm pm pm pm pm

TEARKE 500 600 600
HEARE 500 700 600 600 1000 800
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Fig. 8(b) and the corresponding visualization image of

bubble and slug flow regimes in RCRM
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ribbed micro-channel and RCRM at dry-out status
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