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Oblique impinging plane jets were investigated experimentally and numerically at Reynolds
number 21000. The inclination angle was varied from 90° (normal to the impinging plate) to 60°
The distance H between the nozzle exit and the stagnation point on the impinging plate was fixed
at H/D=8. The working fluid was air. The mean velocity components and turbulent quantities
were measured by a hot-wire anemometer. And the static pressure distributions on the impinging

plate were measured by a Pitot tube. In numerical computation, the governing partial differential

equatiofls of elliptic type were solved with conventional £-¢ turbulence model. The measurements
show that, after impingement, the jet half width along the wall increases in both directions, and
that similarity for each turbulent quantity such as Reynolds shear stress or turbulent kinetic
energy is revealed in the wall jet region. The computed results show some deviation from

experimental data in the impingement region, where streamline curvature is significant. However,
the computed results agree qualitatively well with measurements.
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 The variables in equation (1)

Table 2 The values of model constants

Equation ¢ I Ss G C: Ce Co Ok O
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Table 3 Boundary condition of impinging jet

Boundary/Variable U |4 k €
. Uy cosé U, sind £=0.03U,* F*/L
Jet inlet L=0.005D
Entrainment 0 0 0 0
Impinging wall & nozzle wall 0 0 Wall function Wall function
oUu _ oV _ ok _ de__
Lef toutlet m_o X1 =0 ¥ dl =0 X1 0
. oUu _ vV _ ok _ de _
Right outlet X7 =0 X2 0 X7 =0 Eyé) =0
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Table 4 Experimental jet characteristics 1

Direction | Impinging | Spreading | Virttual
angle(") | rate(K1) | origin(C1)
X1 60 0.0657 —16.22
X1 75 0.0681 —15.89
X1, X2 90 0.079 —11.78
X2 75 0.0892 —11.25
X2 60 0.0942 —8.84

aA veptz gk, 2y o] #
o7t 2 Fon AAAS whHad AP VY
Aot dxstn 9=t
7E Wste] i BEMRY RES(KD)S @R
2 (C1) 8 ZkEe] Table 4o el} gle,

12 THEE

Bl 349 74 el BARE Ul
437} Fig. 62 7o) vbeh ok X1 X299
A4 B3 Un/Usk GRERS 42 Hold 4

um/Uo

EXP DEG CAL
a 80 —
© 75 ~e--
o 80 —-—

10 20 30 40
x1/D

Fig. 6 Variation of the maximum velocity along the
the X1, Y1 plane .

EXP DEG CAL

QGog a 80 —
o,

o@20 o, 2 75 -—

o 80 ——

10 20 30 40
x2/D

Fig. 7 Variation of the maximum velocity along the
the X2, V1 plane



ERE R R R 721

X1/0= 5

X4/0=10

Y1/01

2.4

X1/D=18 X1/D=30

EXP DEG CAL
o so
® 78 -----
60 —--—

Fig. 8 Axial mean velocity profiles in the X1, Y1 plane

oA A7l H3 o]F ZAdde FAE HoFm
o=t Fig. 62 X143l FHRAe] A4
FAdgEot FAE & 4 o oA EzEs
o] #AL4E Xiwgdoz FulH: fF3o] AR
i Folet, zelv Fig 79 X2ulgkoliale dlidi e
ko] el AxAe A¥AY EEBHA F
ol & Holi glo} HEFEMS Hold dFE 2
2 AgAo] HZoe ElMd AFE BodFa
A,

Fig. 83} 9% FE3F X1 9 X243 7 5o
Aol 4y EESHE el Reld, 2 giwg
45 Y1/61=01-0.20] Rl i} =LA =
I FFE ZTE SE2E gaHAtE & £+ U
o, Fig. 8041 X1wpake] fzefy Hsho) o2 &

ZAHE 2
01,} sti:x}o]] 33
7 g4 =&
ded oA
Z Fig. 99| X2u3k x’—y} olol= Wlth 2 A
o] Ag4F & L HTE Holn g AL K
BRFENeZ R ¢ 1& ZAtelet, EHEAA
g HES S MBS X149kl vlsle] X2ub
g A7t 2 G5+ & F Uk AdANE F
REHTANA AP A9} Ho) & Holu) He] o
T AFE ATF AYA) 2 2L B F 4
o, AAAA FHREHZHAA AP Z o
E Xolx gt Hee ZA FUAE UE 4 4

o AAE Aol AHEE k-eZo] HMARS ol

x2/D=10

X2/0= &

Y1/01

2.4

X2/D=185 X2/D=30

EXP DEG CAL
o so
@ 78 ---—-
o 80 —-—

Fig. 9 Axial mean velocity profiles in the X2, Y1 plane



722 HEE - L - fMEE

=

232 9] dEolel, EAE 4AAFo AS
stoluzle A7 Fge Yol AR Ao 2
4-2& 24l (numerical diffusion) S $2% 4 9]

7| wiEol e,

TRERA A i) 3E FF3] WA

o

4.3 BLEEBHOILIX)

Fig. 103 112 flpEgelvx $¥& X137
x2gake 2 vebd adolc), FLHESlY X (k=
1200+ v +wd ) e X1~-Y1 3ol £43 v
el WREE Vo YIgRe s Vo7
FAAes ANFHE ARFAN k=1/2{(u?)
+2(r?)}e] Aol o8 ZHH u?, iz £H A
Aslgiet, 24 tEdolA 248 GLESI U A=

Y1/61=06~10HlA H7} sl Y1/b1=2.00]
Well Al A 441"E & & gioh el 24
5 GLAEEIVASE 2A] Yebdel EZesEsel A
F4° A FiEslvRE X14% 52 2
F5 AAA ez HolA A, HEA Ao A 3}
o]7} AbebA] ek zEu, Xowbgko m: fHZEM
o d& A7t AAez 2 B ohiz}, HEAO
245 ALIEBAIUA L & AR Q@A el
£ & 4 3tk olAL Yol E JFF upe} 7
| Aol #e4E X2 A fake) 7t
&7t 2= T iR £4o] Z75}7| wj o),

A ALA AANE HIRERAAE A
23 e 2E ehiy, dFE 242 2 dxsn
A, A4E AREBIIAE e 4¢3

[+

3
Y1/01 X1/0= 5 X1/D=10 X1/D=15 X1/D=30
P b EXP DEG CAL
2.4 3
o eco
4 i [ @ 75 -----
a" B o 80 —-—
1.8 @\ \.‘ El \ ;
b W k
G\\ & \:\ b \,.‘ o)
.‘\\ 6!0-\\‘ %\l‘
1.2 \ \ \
@i 6"\‘. !
o o
% #; 3
5 m% i y
[o1u} /:’ [
o J/
o .03 o .03 o .03 o .03 o
K/Uo
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