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Experimental Study on the Heat Transfer of Supersonic Impinging Jet
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Abstract

An experiment was conducted to determine the local heat transfer from a supersonic hot jet
impinging at 45° to a plate surface. A semi-analytic method was used to determine the Nusselt
number from experimental data. The results indicates that the location of the peak heat transfer
is displaced from the geometric center of the axisymmetric jet and that the radial variation of the
local heat transfer is steeper than that in the subsonic impinging jet. In the stagnation region, the
heat transfer from the supersonic impinging jet is about 10 times larger than that from the
subsonic one, while the heat transer away from the stagnation region is of the same magnitude
as that of the in compressible turbulent radial wall jet.
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Table 1 Experimental conditions

Thermodynamic properties

Jet exit mach No. (M) 2.7

Jet Reynolds No. (Re) 8.47%10°

Jet exit temperature( T3) 1555K

Ambient temperature(T.) 286K

Jet exit pressure(P;) 0.263MPa

Ambient pressure(P.) 0.101MPa
Geometric parameters

Inclination angle(4) 45

Nozzle-to-plate spacing (L/D) 5

Fig. 1 Schematic diagram of a supersonic impinging
jet onto an inclined plate surface
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Fig. 2 Time variations of thermocouple tempera-
tures at z=5mm
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Fig. 3 Variations of local Nusselt numbers with time
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Fig. 4 Distributions of local Nusselt numbers at dif-
ferent y positions. Dotted line represents the
data of Goldstein® for subsonic jet at y=0
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Fig. 5 Distributions of local Nusselt numbers at dif-
ferent x positions. Dotted line represents the
data of Goldstein® for subsonic jet at x=—D
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Fig. 6 Contours of constant Nusselt numbers
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Table 2 Uncertainties of the Nusselt numbers

Location Nu ANu Percent uncertainty

x=y=0 8650 1250 14.40%
x=y=D 4460 435 9.75%
x=y=2D | 1330 124 9.34%
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