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ABSTRACT

The purpose of this research is to investigate the characteristics of heat transfer n the
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downward axisymmetric free water jet system impinged on a flat oblique plate which has
the uniform heat flux. Experimental conditions considered were Reynolds number, distance
between nozzle and flat plate, inclination angle of heater surface and nozzle exit velocity.
Local Nusselt number was subjected to the influence of Re number, Pr number, oblique
angle of heating surface and local position of flat plate. In the wall region of downward surface,
The secondary peak point of heat transfer appeared at the local point of X/D=-8 from the
stagnation point. The stagnation heat transfer rate of this experimental study augments 24
times than that of laminar theorical solution. The stagnation nusselt number is function of
Reynolds number, nozzle-plate spacing, Prandtl number and oblique angle of impinging plate.
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Dimensionless Parameters

B: =h - s/K; Biot Number

Nu =h * D/K: Nusselt number

Pr =u-° C/K: Prandtl number

Dn =Deg/90- . Nondimensional oblique angle
Nu, =h, * D/K: - Stagnation Nusselt number
R. =V, +D/v: Reynolds number
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Fig. 1 Configuration of axisymmetric round free im-
pinging jet.

e kol 1) ) (Solar Energy) Vol. 13, No. 1, 1992



BERE) B2l KAER Sl BEE Hritd B /a3 9

27 A& Pk d-oA el ik
A 2 BRE 8 BRAS RRsgon,
R Gardon 579 A& fHElX = (EhE, B
FZEd iy =&37]9) golegrsy, 24
U AZHD)Y EHHE JeER 1 ow,
BiiERS w2 dols29 (Re<2000)H 919
¥ el 2F 570 (Potential Core) fEIEPI(05<H/D<5)
N M| EREERY SR BEES =F3-AY
At A (H/D) = ERARSIH dolis 24
g oj&star, FRIAIS fEE(H/D>5) oA ¢
FAHFAEF(Nw) = (H/D)* ) Hl&E3he A
o2 Vel gk w3 BLHEER (Re>2000)
NM= H/D=8~100A BEZEHE} KAR
Yehta e, o= EBiidlA e glkiae 18
fnoll Z]9istakar shQich

CDDonaldsons” < {ERHERZTZRMER S E5%
B A =S A DA A (Z/d) =196 A
kB BABRNHXNE ERAY 8o =
il Ruglon R Goldstein 592 #5u(Lig
uid crysta) BIER GRS A3 B ZSEMER
o] BEEFRN e el Hplihe) 9%S &
223k vlof] W2 W BfEiRo] RAZR Hv &K

TEFE LY EXD)E =& A (a)o] 90

(FEEMER) AN AAgd uet EiREzme) B
LX/MD=0)2.2%H HY XD=19A+= B
3] 7Kg slgem, E. M. Sparrows® &
EEH o st EEme] HEAAS 90°(
FEERANA 30" 7HA] HE3I9E, R J. Go
ldsteins9] #ERe mZVMA 2 Rk BEEE,
o] BRI AR LT, HEmo Y] BEE
fRE ofic TIREREG LA 88 G734}
E °)]F Uth ol HLIF PAFEEEA ] Stev-
‘ens 52 BHEFKERAAN AKHEEE &
sl BANEE Y AS EEF v mEK
ol A e eVt 2 kEEE] YEhE 9
A7t ARECZ HTBEIEIY 1 X7} BE
B TREREYS 2702 eyt
o|otzre WREM A BB MRS
2 R, BEAEHH =29 wXe 53 H
oM, x TAHHJ =Fo] FAZHE o] F
A7t tF-oltt o83t Ao K B3e

=
T
Q
T
1.
Ry
AT
R

B} ¥4 2 (Solar Energy) Vol. 13, No. 1, 1993

TFrRBRKER 20 9ol e A
ERAER) B8 A9H dTE e 2o
oz AZE, o9 e F249 874 o
of & EES AT B/ AHKS A
BEE ol319 SBRH B AETHS 2
St ERMEREY F5¥u FE4ERC M
W3 S FWIE7) 95t =E-HIW A
2(H), FHEF) e DDA %A17HDep),
EREEVo)ol ote] TS AESS 575
2zt Foa, B AT EHHAL TEHA.

II. KEkE X WEHE
1. EEakiE

ERHEZEKIE ] B3 FEEREES TS
Fig2¢} 2t} WA 58S A1-§-319 o, {EEh
HZ 10W/mEBGR ) InBEFe 2 3 B
sEmlETROI T KiE D9 BHKe 7HFE=
(05HP, 5400¢/m)20° <3l 7tgso] FF=4
WE Qo 93t %A (Flowsel) @A
TRl Aedd. o] §F#H2 SUA 4329
B A} EERZ FE2HT. 9Y =22 B9
B =22 7ABD7E 4m, =EYTA

_L®fﬁ>

:);vfwm/@
A A 1O
é | ""'T'_ (8]
a q{h’l D e

1. Fater tank 2. Pugp 3. Vaive

4. Flowmeter 5. Nozzle 6. Heated surface

7. lopinging plate 8. Bebel gear 3. Recovery water tank
10. Thermocouple 11. Slidac 12. Ampeter

13. Voltmeter 14. Data logger

Fig. 2 Drawings of experimental apparatus.
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Heat Transfer Characteristics of Water Jet Impinging on
Oblique Surface
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The purpose of this research is to investigate the characteristics of heat transfer in the downward axi-
symmetric free water jet system impinged on a flat oblique plate which has the uniform heat flux. Experimental
conditions considered were Reynolds number, distance between nozzle and flat plate, inclination angle of
heater surface and nozzle exit velocity.

Local Nusselt number was subjected to the influence of Re number, Pr number, oblique angle of heating
surface and local position of flat plate. In the wall region of downward surface, The secondary peak point
of heat transfer appeared at the local point of X/D=-8 from the stagnation point. The stagnation heat transfer
rate of this experimental study augments 24 times than that of laminar theorical solution. The stagnation

nusselt number is function of Reynolds number, nozzle-plate spacmg, Prandtl number and obhque angle
of impinging plate.

Technique of Heat Transfer Augmentation in Impinging
Air Jet System

Doo-seob, Choi * Seong-min, Kum - Yong-hwa Lee ‘- Jeong-yun, Seo

* Inha University, Graduate School
**Yuhan Technical College
***Inha University

The purpose of this study was to investigate the enhancement of heat transfer without additional
external power in the case of rectangular impingement air jet vertically on the flat heating surface.
The technique used in the present study was placement of square rod bundles as a turbulence promoter
in front of the heat transfer surface.

The results obtained through this study were summerized as follws. High heat transfer enhancement
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