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Numerical Investigation of Jet Impingement Cooling
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Abstract: T hree-dimeénsional numerical computation of the flow and heat transfer for
the jet impingement cooling ‘with non-uniform initial crossflow was conducted to investigate
the effects of the jetto—surface spacing, the impinging holes and crossflow holes
arrangement, as well as the crossflow to jet Reynolds number ratio on the heat transfer
characteristics. W hen the crossflow to jet Reynolds number ratios are equal or greater than
0. 5,the jet impingement Nusselt numbers are obviously lower than that without crossflow
under the same total cooling massflow rate. Under the action of non-uniform crossflow, the
temperature distributions take complicated feature for both staggered and inline
arrangements owing to the interaction of jet and crossflow. Compared to the case of staggered
arrangement between jet holes and crossflow holes, the stations corresponding to peak

Nusselt numbers for inline arrangement move downstream.
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Fig-2 Velocity vector in centerline section of jet hole
3 Rei/Rei=0.2,x./dj= 3,

’ (b) MGk

394.392
388.544
382,697 4
2 376.849

2.
ggsl:?g; (Rer/ Rej="\1,x4/dj= 3)
359,307 . s
353460 Fig.4 Temperature'distributions at the target surfaces
347,612
341.765 (Rei/Rej= 1,x ./ dj= 3)
335917 ’
330,070
324222
310.375

312,527 (1) Ret/ Rei= 1, ,

15 392072

14 386412 s .

13 380.753

12 375094

11 369.434

10 363.775

9 358116
362.456
346.797 cc >3 .
341138 5
335479

7
6
5
4 329819 (2 ,
3
2
!

324,180
318.501
312841 s )

(b) MG

3
(Ret/ Rej= 0.2, xu/ dj= 3) ?
Fig.3 Temperature distributions at the target surfaces >

(Rei/ Rej= 0.2, x,/ dj= 3) ,

5 Rei/Rej= 2,xu./dj= 3,



3 531
Ret/ Rei= 1 s
15 386257
14 381,600 >
\ ] 13 376,943
Dl 12 372.286 ; s
Py o 11 367.630
1210 362.973
! . 9 358316
8 iq I3 8 353.659
e 7 349.002
y ” 6 344345
7@ 5 5 339,688 Ret/ Rei= 1 )
4 1 4 335031
\ ) 10 14 3
| 'OP < 133 330375
2 325718 s
SO \ &i 132106l
o
(a) XHE ,
15 406.243
14 400316 ’
13 394388 << >3
12 386.450 ’ ’
Il 382533
10 376,605 s
9 370677
8 364.749
| B
5 346.966 3.2
4 341,039
3 33511
2 2
0 s
(b) MiHE ’
6 xo/ dj=
5 (Re Rei= 2, xul di= 3) 3, Ret/ Rei ;
Fig.5 Temperature distributions at the target surfaces
(Rei/ Re= 2,xu0/di= 3)
x/d=3 ~e— Re/Re=102
100 _J —a— Re/Re= 05
== Re/Re~0 —v— Re/Re=1.0
801} “®— Re/Re=0.2 —=— Re/Re=15
—— Re'/Rej= 05 —e— Re,/Re,: 20
60 —v— Re/Re=1.0
3 —=—\Re/Re=1\5
40 —— Re‘/Rej= 2.0 . . \\&,,\\
L. N A o -
20 .
20 25 30
0
30
xid,
(a) XAk
©- Re/Re=02
- ””lf]=3 —a— RefRes 05
' —is Rg/Rg}:O 60 —— Re,/ke‘: 1.0
80 | —o— Re/Re=02 - —=— Re/Re= 15
o;p —a— Re/Re=0.5 = 40 | —o— Re/Re~ 2.0
L7 74 —v— Re/Re=1.0
= 60 °A:‘°o +Re,/ReJ=15
= Lo !
id 1Ma® —o— Re/Re=2.0 20 [/ £
40 | LeEA .
/o0 :
(o)
20% v! 0 s
toe? g o 0 5 10 15 20 25 30
g7 == ——g
| r x/d
2
0 5 10 15 20 25 30 (b) MEHE
x/dj
(b) Motk
7 (%o dj= 6)
Fig. 7 Average Nusselt number distributions at target
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