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The Heat Transfer Characteristics of Impingement Air Cooling System

for the Narrow Space using Underexpanded Jet

Kotaro MATSUMOTO™ and Hitoshi MA TSUSHIMA™*

In this study, the heat transfer coefficients were measured in order to predict the heat transfer characteristics of

impingement air cooling systems for the narrow space. Moreover, the effects of jet expansion were investigated by the

analysis of heat transfer coefficients calculated from the jet temperature of expanded and underexpanded jets. Then, the

jet temperatures and average heat transfer coefficients at the flat surface, h, for various P/P, (1-15), dimensionless

distance H/d (0.5, 1.0) were determined. The temperature of underexpanded jet obtained by the direct measurements

was decreased significantly when the choked conditions were satisfied, and it was increased with increasing the pressure

ratio P/P,. However, the temperature of underexpanded jet in the case that H/d = 0.5 was decreased with increasing of

P/P, when P/P,is higher than three. The temperature of expanded jet at the flat surface was decreased with increasing

of P/P,. The results show h was facilitated with an increase in P/P,. The effects of expansion to h were larger for H/d

= 1.0 than that for 0.5. Furthermore, increasing rate of Nusselt number, Nu, was enhanced when H/d = 0.5 and Reynolds

number, Re, was higher than 10°.
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Fig.1 Schematic of impingement jet cooling
system.
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Fig. 2 Schematic of the experimental set up.
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Fig.3 Experimental apparatus for the heat
transfer measurement.
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Fig. 4 Experimental apparatus for the underexpanded
jet temperature measurement.
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Fig.5 Underexpanded jet temperature ratio versus

pressure ratio.
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