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The Study on the Phenomenon of Heat Transfer on a Downward Isothermal Circular

Surface by an Impinging of Upward Circular Nozzle Jet
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Abstract While many studies on the heat transfer effect of an impinging jet have been published, most studies focus on

the downward impinging jet. This study investigates the impinging jet heat transfer phenomenon when water at a temperature

of 24°C impinges on the downward isothermal circular plate at 60, 70, and 80°C and when the upward round jet nozzle
is 4, 6, and 8 mm diameter with a flow rate 3.6, 4.6, and 5.6 L/min, respectively, and when the ratio of the nozzle
clearance/nozzle diameter (H/D) is 1. The results showed that, as the nozzle diameter decreases, the heat transfer coefficient

increases at a constant flow rate. The correlation equation of M, Pr,,

and f;, is obtained in the impinging and constant

velocity flow region (Nu,/Pr)*)Dr=4.6[Re,, (r/R)Dr]"* at all flow rates, in the deceleration and falling flow regions (Vu,/Pr)*)
Dr=42.7Re,;,(r/R)Dr—345.7"% at 3.6 L/min, (Nu,/Pr)*)Dr=92.4|Re, (r/R)Dr—16.8"% at 4.6 L/min, and (Nu,/Pr)*)Dr=322.4

|Re,, (r/R)Dr—536.2""" at 5.6 L/min.
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Fig. 1 Schematic view of experimental apparatus.
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Fig. 2 Schematic of isothermal circular plate thermostat.
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Fig. 4 Thermocouple calibration equipment.

Table 1 Results of thermocouples calibration
T/C No.

Fig. 3 Schematic of test plate with thermocouples.

452

set-up(C) 2 3 4 - 27 28 30

40C 40.1 40.0 39.9 39.9 39.8 39.8 39.9

I—Thermocouple 60C 60.2 60.2 60.1 60.2 60.0 60.3 60.1
80C 80.2 80.1 80.0 80.1 79.8 79.9 80.1
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Table 2 Experimental parameters of conditions

T(T) D(mm) H/D G(L/min)
60, 70, 80 4, 6, 8 1 3.6, 4.6, 5.6
80 4 i
1 :\Jet Impinging time
4 B
S
© 604 |
S [t
g 50l
c 1
F a4
304 @
0 lIO 2I0 3'0 4IO 5|O

Time(s)
Fig. 5 Results of real time temperature of measurement.

Table 3 Results of measurement temperature on cooling
surface at the steady state(C)
(2. =80T, D=6 mm, G = 5.6 L/min)
T/C NO

Time(s) 1, 7, 7.5 Ty Ty
1 3231 -+ 36.08 36.50 -+ 41.77 44.92
2 3227 -+ 36.15 36.58 -+ 41.77 44.89
3 3232 -+ 3617 3644 - 41.66 4491
4 3229 -+ 36.15 3655 -+ 41.69 44.88
5 3228 -+ 36.19 3649 - 41.62 44.87
6 3226 -+ 36.06 36.58 - 41.65 44.75
7 3226 -+ 36.08 36.46 - 41.72 44.87
8 3226 -+ 3597 36.62 - 41.72 44.84
9 3228 -+ 36.08 36.54 -+ 41.65 44.82
10 3231 -+ 36.16 3635 -+ 41.60 44.81

Avg. 3228 -+ 36.11 3651 -+ 41.69 44.86

Error  +0.03 +0.06 +0.07 --- +0.09 +0.06

KT, -1T,,)
T @)
Nu,=h, - r/k,, 3)
V=V -2gH, V;= 04, @
Re, =V, - ’f‘/l/Tf, Pr, =u7.cpr/kw,. )
1

w 1
o) = 5= | S|

w 3 (6)
o) = = | S| v

wy X; Uncertainty
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