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An Experimental Study on Flow Boiling Heat Transfer within Horizontal
Rectangular Channels with Small Heights
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Abstract

The present paper proposes a new correlation for the flow boiling heat transfer coefficients in the low flow
rate condition (Re;r <200) within horizontal rectangular channels with small gaps (heights). The gap

between the upper and the lower plates of each channel ranges from 0.4 to 2mm while the channel width
being fixed to 20mm. Refrigerant 113 was used as the test fluid. The mass flux rang es from 50 to 200kg/m’s
and the channel walls were uniformly heated with the heat flux range of 3 -15kW/m” The quality range covers
from 0.19 to 0.76 and the flow pattern is considered to be annular. The measured heat transfer coefficients
increase with the mass flux and the local quality; however the effect of the heat flux appears to be minor. At
the low mass flux condition, which is more likely with the smaller gap size, the heat transfer is primarily
controlled by the liquid film thickness. The proposed F factor for the heat transfer coefficient in the range of
Re;r <200 well represents the experimental data within the deviation of +20%. The Kandlikar’s flow

boiling correlation covers the higher flow -rate range ( Re;» > 200) within the deviation of +20%.
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Table 1 The state-of-the-art on the boi]ing heat transfer in small channels

*
Geometry

Orient

ominant

- lbommat |

Authors ) . s | Fluid Flow regime heat transfer | Remarks
mm (or mm°) | ation .t
mechanism
Isolated bubble Nu =, Re%’f -
Cornwell &1 Confined N
Kew," Kew & | 1.2x0.9, Vo[RAI3 e Nu = C, Re® Bo® N&yr Pr24
Comwell® 3.25x1.1 A4S R st O S
Annular-slug T Nu=C3FNuy,
Lazalek
gk %o v o R13 |- N Nu = 30 Re 857 Bo07H4
Tron Nu = 770(Re ;, BoN cop) %
Tran et al.® | 406x17 | H |RI2 Most likely to u=770Re, BoNconr)
Tranetal® | @246 Ho|Ri2 | be  associaied N [ Po j‘)”’
with stug tlow e
;Y?%‘bsganss @29 R-113 PL
imz]ill ?utl:bll)ebs] N Tran’s comrelation works well in the
Kuznetsov & | D H R-318C aylor's bubbles quality range lower than 0.3
Shamirzaev® gap 0.9 L Cell flow
Tran’s correlation failed in the quality
Annular T
range greater than 0.3
Most likely to
Oh et al.® d H |Ri34a |D¢ associated T F= (X,
) 0.75, 1,2 with annular 1
flow
. Water
. B fin height
Mandrusiak & | 1oy " 3gy |y | Methanol | ar T F= fa(X,)
Carey 952 Butanol
) R-113
Robertson,""'? | £  hydraulic Most hkel}.’ to Experimental data was represented
. R-11 be  associated .
Robertson & | diameter v N with annular T using the film-flow mode! suggested
Lovegrove!"? 2.4 2 flow by Hewitt and Hall-Taylor (1970)

*. | rectangular channel; @ circular tube; ) annulus; @ finned channel
% : Hand V denote horizontal flow vertical flows, respectively
T : N and T stand for nucleate boiling and two-phase forced convection, respectively
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