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Flow Boiling Heat Transfer in a Horizontal Rectangular Microchannel

Cheol Huh and Moo Hwan Kim

Flow Boiling Heat Transfer (% Bls g7 &), Microchannel(?}o] 22 2 'd), Two-

phase Flow(2 4 %), Pressure Drop(%& 73hH

Abstract

An experimental investigation was performed to study flow boiling heat transfer of deionized water in a
microchannel. Measurement and evaluation of boiling heat transfer coefficients were carried out using a
single horizontal rectangular microchannel having a hydraulic diameter of 100 ¢m. Tests were performed for
mass fluxes of 90, 169 and 267 kg/m’s and heat fluxes of 200-700 kW/m’. Test results showed that the
measured boiling heat transfer coefficients had no dependence on mass flux and vapor quality. Most macro-
channel correlations of boiling heat transfer coefficient did not provide reliable predictions.
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Table 1 Summary of the previous studied on flow boiling in small channels

Author/year Fluid Test conditions Channel geometry Remarks
(mm)
Lazarek and R-113 P=0.13-0.41 MPa Circular, Nucleate boiling heat
Black® G=125-750 kg/m’s 3.1, transfer dominant
(1982) q'=14-380 kW/m’ Vertical
x=0-0.6
Tran et al. * R-12 P=0.51-0.82 MPa Circular, 2.46 Nucleate boiling heat
(1996) G=44-832 kg/m’s Rectangular, 2.4 transfer dominant
q=3.6-129 kW/m® Horizontal
x=0-0.94
Kew and R-141b G=188-1480 kg/m’s Circular, Nucleate boiling heat
Comnwell® q=9.7-90 kW/m® 1.39-3.69, transfer dominant
(1997) x=0-0.9 Horizontal
Baoetal @ R-11, P=0.2-0.5 MPa Circular, Nucleate boiling heat
(2000) HCFC123 G=50-1800 kg/m’s 1.95, transfer dominant
q =5-200 kW/m® Horizontal
x=0-09 -
Lee and Lee™ R-113 G=51.6-209 kg/m’s Rectangular, Convective boiling heat
(2001) q=-16 kW/m’ 20x0.4-2 transfer dominant
x=0.2-0.8 Horizontal
Jacobi and Water - Circular, Numerical calculation of
Thome® Horizontal elongated bubble
(2002)
Yuetal.” Water P=200 kPa Circular, Nucleate boiling heat
(2002) G=50-150 kg/m S 2.98, transfer dominant
q =-320 kW/m® Horizontal
x—O 15-1.0
Qu and Water P=1.17 bar Rectangular, Convective boiling heat
Mudawar® G=135-402 kg/m’s 0.231x0.713 transfer dominant
(2003) q =-1000 kW/m? Horizontal

x=0-0.2
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Fig. 1 Overall image of the test apparatus
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Fig. 2 Microheater (6 heaters)
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Fig. 3 Calibration curve of the microheater
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Table 2 Experimental condition

Hydraulic diameter (1\(;;) llgg,x H 100 ym)
Test channel length 40 mm

Effective boiling length 30 mm

Working fluid Deionized water
Mass flux 90, 169, 267 kg/m’s

Volume flow rate
Heat flux
Quality range

0.05, 0.1, 0.15 ml/min
200 - 700 kW/m?
0-04
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