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Investigation of supersonic film cooling-in flat
and convex channels

PEN G Wel , JIAN G-Pei-xue

(Key Laboratory for Thermal Science and Power ‘Engineering of  Ministry'of Educations,
Department of Thermal Engineering, Tsnghua University , Beijing 100084 , China)

Abgtract : Film cooling with supersonic, tangential-dot injection of cooling air into su-
personic air flow'\was\numerically investigated.~The effect-of impingement of oblique shock
wave was studied and its impacts on-aflat surface and on a convex surface were compared.
The resultsindicate'that 'the adiabatic-eff ectiveness of both the surfacesis reduced by theim-
pingement of the oblique shock wave. The adiabatic eff ectiveness of convex surface is higher
than that of flat 'surface when oblique shock wave is absent whereas the opposite isthe case
when it is present.

Key words: aerospace propulson system; supersonic; film cooling; shock wave;
flat channel ; convex channel

[1] [+7]

1 2007-03-12; . 2007-06-04
(1982) ,



407

G/ (kg- K)) = 101745917 - 0 090 01T -
770109 x10°T> +1 14021 x 10°° T° -
125413 x10°T" +4 04725 x102 T°

2.1

3
AW/ (m- K) =-521375%x10"° +
1 120759 %x10*T- 156683 %10 T +
209236 x10°T - 139719 x 10" T* +
356425 %10 T°
, , M(kg/ (m-9) =- 195941 x10 " +
, 814629 x10°T- 823818 x 10 ™ T° +
7.561 41 x 10" T° - 3 99363 x 107" T* +
, 890871 x10* T
FLUENTS®G. 2 ,
, 10°, , 8 ,
0.01 m, ,
’ 1 y 10
m ’
1 1
3 MUSCL -
Bt = 1 38 QUICK , 10 °.
E Wi ] e
BHIRAT — . _
| PR — = Taw - \Treo (1)
" iy{’ﬁé‘,: / Trc - Tre
SINREERTe £ Trs T  Taw
l""'J bl liﬁL_’
: RIS , Juhangy K A ,et
BHIWAL VM 1 \ -
% al , Ju
v
’ hangy K A ,et al. 2
1 1
Fig.1 Sketchof the numerica mede s
LOp———————2or
, =-0.3m , Rhﬁ%\\
- — \lu;l.x ‘qurlxi 5
H=0.1m ! x=1m ! = o— Juhany K A.et al. o
s RAREEREE
=4 mm t=2 mm. 0.1
m, . 1.0 H‘M“U’D*’*N
650 kPa, 900 Ma =18 Ma_=2.4
. 3 —o— Juhany K A,et al.
K y 3 09 , 73 kPa, HR gk R Ly
300 K, 1.70, a1 .
M = 0. 606. 10 " 100 300
, 2 [5]
NIST REFPROP7 Fig.2 Comparison of the numerical results with the
, experiment of Juhany K A ,Hunt M L ,Svo J M®
150 1 200 K,



408 23
25
, 20 "“'10°ﬁf1§ii‘t’:|-'.§§
’ — T A 2R
15F LT
1.0 Q - ', @ l’
Ly 1.0 ' ’ .
! 7
& \ I {
il nala :
- = 10 38 ' v
— TR A2 .
0.1 . ’ 0f 2
| |
10 == 10 100 300
- - xls
(a)
45
3 . - ke 0. s S
25 iy 38 1 40 10° M ™4 28
- = 10 28 pl. - — F 4 2%
— JCHB A 2 B "y L~
0.1 L L &30F " AT
10 ls 100 300 § sl : : \
3 E 20,
Fig.3 Comparison of adiabatic wall effectiveness 15
with and without shock wave interaction 10
] i 1 1 1
4 5 \ 0 50 \100 \I50 200 250
Xx/s
1 1 H] h
1 mm
Fg.5 Distributionsof the Mach number and static

N0 0 1o 1 Lnad 00 65 b I £

S82RE

Fig.4 Distributions of the Mach number

2.2

) 6 ’ 1

pressurein the flat channel

0.010 -
"o -
<0006 T T e btk .
0.08 0.09 0.10 0.11 9.]2 0.13 0.14 0.15
(a) P38
0.01 -

-0.01
006 008
(b) 25 bty 38 311
6
( )

Fig.6 Distributions of velocity in the zone of

interaction with shock wave



3 409
1.0 d
& ’
TCHHE 1 2%
— il
== 25 e )
0.1 T
1o e 3
T s ,
— HifiH
” —--'-";;m\ﬁmm 1 ' '
’ 10 s 100 300 (1) ’
7 ' »
Fg.7 Comparison of adiabatic wall efectivenesson ’
flat and convex curved surfaces (2) ’
: 8 (3) 10° ,
: (
0 ),
[1] Kanda T, Masuya G, Ono F, et a. Hfect of film cooling/
regenerative cooling on scramjet engine performances[J].
150 Journal of Propulson and Power , 1994, 10(5) : 618-624.
— e i [2] Juhany KA, Hunt M L. Howfield measurementsin su-
—o 25 iy 3 01 personic film cooling including the effect of shock-wavein-
50 teraction[J]. AIAA Journal , 1994, 32(3) : 578-585.
% 0 [3] O’ ConnorJ P, Hagji-Shekh A. Numerical study of film
S cooling in supersonic flow[J]. AIAA Journal, 1992, 30
-0~ (10) : 2426-2433.
_|()()L [4] Takita K, Masuya G. Hfects of combustion and shock
b5 N i A [ L1 impingement on supersonic film cooling by hydrogen[J].
5 100 15 20 25 30 35 40 AIAA Journa , 2000, 38(10) : 1899-1906.
e [5] Jubany K A, Hunt M L, Svo J. Influence of injectant
8 1 mm Mach number and temperature on supersonic film cooling
[J]. Journa of Thermophysicsand Heat Trander, 1994,
Fig.8 Axial velocity of separating zonein flat 8(1) : 59-67.
channel and comparison with [6] Coldstein RJ,Eckert ER G, Tson F K ,et a. Film cool-
convex channel result ing with air and heliuminjection through a rearward-facing
dot into a supersonic air flow[J]. AIAA Journd , 1966 , 4
, (6) : 981-985.
[7] Kanda T, Ono F, Takahashi M, et a. Experimenta

studies of supersonic film cooling with shock wave interac
tion[J]. AIAA Journal , 1996, 34(2) :265271.



