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Measurement of the Local Heat Transfer Coefficient on a
Concave Surface with a Turbulent round Impinging Jet
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Abstract

Measurements of the local heat transfer coeffcients on a spherically concave surface with a round
impinging jet are presented. The liquid crystal transient method was used for these measurements.
This method, which is a variation on the transient method, suddenly exposes a preheated wall to
an impinging jet while video recording the response of liquid crystals for the measurement of the
surface temperature. The Reynolds numbers used were 1,000, 23,000 and 50,000 and the nozzle-to-
jet distance was L/d=2, 4, 6, 8, 10. Presented results are compared to previous measurements for
flat plate.

In the experiment, the local heat transfer Nusselt numbers on a concave surface are higher than
those on a flat plate. Maximum Nusselt number at all region occured at L/d=6 and second maximum
in the Nusselt number occured at R/d=2 for both Re=50,000 and Re=23,000 in case of L/d=2
and for only Re=50,000 in case of L/d=4. All other cases exhibit monotonically decreasing value

of the Nusselt number along the curved surface.

NEHEE Re . jet Reynolds number(based on d)
 specific heat of Plexiglag]J/Kg - K] t - time[sec] .
. : T ! temperature[C]
" concave curvature diameter{m|
T* . nondimensional surface temperature

G

D

d * jet diameter{m]

h * local heat transfer coefficientW/m’ * K]

. .. . J2lo]A £k}

k - thermal conductivity of Plex1g1as[W/m . K]

L * nozzle-to-jet distance[m]

Nu local Nusselt number(=hd/k) 7
e

R : radial coordinate of plate

: quantity defined by Eq.(2)

. emissivity of the liquid crystal coated sur-
- face

« RS 7)AAA T e 0 : density of Plexiglas{kg/m®|
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Table 1 Uncertainty Analysis(L/d=6, D/d=8, Re=50,000)
Parameter Typical XX, 9Nu
X Value X (NU 9X; )XIOO(%)
R/D= 0 5
D 0.0403(m) 0.0002 05 05
t 2.71 : 19.86(sec) 0.08 13 0.2
Two 40.01(C) 0.15 28 29
T, 265(C) 0.1 1.0 11
Tw 34.95(C) 0.25 7.2 75
v/ (PCee) 569 29 52 53
€ 05 0.1 04 10
ONu/Nu= 94 9.8(%)
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Fig.2 Effect of Jet Distance on the Stagnation Point

Fig.3

Fig.4

Nusselt Number for Different Reynold Num-
ber.

Re = 23,000

Comparison of Stagnation Point Nusselt Nu-
mber between Concave Surface(D/d=8) and
Flat Plate(D/d=) at Re=23,000.

!lfl

Radial Nusselt Number Distribution with Re-
ynold Number for L/d=2 on the Concave
Surface.
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Fig.5 Radial Nusselt Number Distribution with Re-
ynold Number for L/d=4 on the Concave
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Fig.6 Radial Nusselt Number Distribution with Re-
ynold Number for L/d=8 on the Concave

Surface.
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Fig.7 Radial Nusselt Number Disribution along the
Concave Surface for Five Jet Distance from
L/d=2 to 10 at Re=23,000.
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