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Experiment of transpiration cooling rules of single phase liquid
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Abstract: Sintered metal\ porous media strut of the scramjet combustion chamber was
manufactured to provide thermal protection for the scramjet. Transpiration cooling using
water as coolant was stddied experimentally. The experimental results show that the heat
transfer between theé mainstream and the strut wall can be effectually reduced. The cooling
efficiency reaches 93% when blowing ratio of 2%. Cooling efficiency increases with the ris-
ing coolant blowing ratio, and tends to be 100%. Under two mainstream temperatures, the
cooling efficiency at the same measuring points and blowing ratios varies little. Thermal re-
sponse of the surface temperature of strut after stopping coolant supply was also studied.

Water evaporation process was analyzed in three stages.
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Fig. 1 Schematic chart of strut
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Fig. 2 Schematie chart of experimental system
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with blowing ratio

MIEL 3 HRT UF L S2 56 o A 7 v A ] LAk
BIARH 4 B9V ANACR L 25 BB 120 *C I,
e KU B AT LR B 85 °C A Ay X T RN [R] £ 3
il JSE T ) BE T R L R TR R AT B A A R Y
ST R SZOARRT di  Si AR TAT O A Y AR A
HE o f i 0 RO AL T T IXOBE THT A i
Uit » R 2Z T 08 26 T ¥ SRR S BIE 52 R AJIGE » i T4
HFR) e BE TG A AR SRR BE T IR 2% B O 1] 8
YT AR 1 A T ELAS SO p OB B BE T S AR T
LA 157 H e A, PR 2 B0 i B A
B3 JBE . 7R A SO B B R A O R AR R T
t, Moy FCBCHE L. JEU T REAT P, 1 e I

FEMCE TR EE R 98 °C R 120 C Y LB, B T 1
B EAE T o RAHIES T, 0 B9 R 2 1 45
FEAL B Ty BE 1 BE A 1 JR a0 K B < i B X
DRGSR T o 7 B AR A PR 3P ORI A 52
B R 1T RE SR S R B S A SR 55— T i
PR T — AN B A < Jm i O IR 22 [ 5E AE IR
B b, TS5 I 4 T v A TR O A0 O R
30 o KA T AR A 3o 2 SRR S L X R
BEINT 3 AR I A R E L (AR RIAE o WAL T b
Ja 7 AT SR R FF AR B B EE . AR 3K 3 Bl s L 1Y
i 2 i R o A g B IR AR B A TE R
G 3l E T R 0 R ST U0 ¢ B DU BRAT L8
ANTR] 7 S rp i /N AR il BT B AR
8728 A A AN R 3R] B S A1 A B 9K 74 0 591 Joi
T /N AR T 0 AT SRS - B R ]
3 B B A A 2 U AR SR A Ve AKX
TR AR E T X T (09 ¥ ZDROCR L R G R BE B T O
AN 22 AK AR IS AE SOV B0 o e i R DA e T
QR PR SR R et il i S R A A, LA
JH 90 R D A A B T ) AR 2R A T LA B SR N
RN AL 8 R AT AR B v A AACR L X R fE
R EEZ 14 v ST T SORCAIT BEAY v 11, 1K B0 v A1 57
YR IVE R

Bl 4 R T AR WA T v SRR BT A
R A B i 2 L DA T X 3k R A 2R A g3 A el LA
DRI o AN [0 53 Ak ) ¥ 0 250 SR B A T A R g
JIVmIIG I, S AR 206 B ¥ EROR AT LA ik
930, I ELBEHE T A A W 3 O, 389 1 728 7 /)
EHRCRBEIE T 100%. 7EAR R EWRIEZ &4 T,
o ARV AIRCRE W BN T 6 F e TS P B
Ve HRCR A 22 A K. FEA F] F IR BE 45 1F A )

100

95

90

S98°C, T, ]
—o—1_=98°C, n,
——1 =98 °C, m,
—a—1 =120C, n,
——1 =120 C. m, -
—A—1 =120 C. 7,

Cooling efficiency/%

0 UI.S |j[] |:5 Zj[]
Fi%

B4 ARREARTRARCREMZE

Fig. 4 Curves of cooling efficiency varying with

different blowing ratios



1960 mox= & o % R %28 %
VAR A IR0 Y4 A 3 AR ], 3 26 1 100
VA ST 0 R R A e B A 2 T4 B0 R 90
A TR, DA BN RS TR % T HIRF o % 80f
W« 343K U 4% (2 A8 IR L ¥ 00 T B T AR .
Z 60f

SR AR SCSZIR T B RR T T A4S R R T X
— . B — 2B R 2 L ATYER TT DA R AR S
B T 000 i ¥ A AR, O HL 220k i i B aE— 2P 42
B AT T K B AEARAS IR, B HI R &
.
2.2 SRS HI RO P R 45 1

SERIC T TR E A TR 0g/s 1Y
5 0T RE T R R () A Ak Y il £ AN TR] 3 TR
JETF ¥ HREE Ak A S RE T I R B A ) AR AR Y
MARE 5 frs. B AT LA S 78 & iR A 55
T OGPV FIRI R RN I RE TR R T R R IR
) J2 TR EE . DA X 7 I A epnT DL S R 3 T
1R 2 AR AN B Ll A5 R B ) DXL 2
TLEE Ry 98 “C i, ¥ A5 IV E A S B 1 min Z247 .
3 AN A5 1 R A AE B B B B X S IR R
120°C , LB BR & AEAEVS A IR A G 1) 10s 22
A 3R R R e H G0 T iRl 0g/s B L 7R
S RE T RE T B — 2 Y AR DR P22 L RE T
U RE T KB B T sl 3 28 R B BT S H R 2
H PN T Ak S B L PRI K RS 8 F 7R . 3 O T4
FRAE 07 B, B T K TR B 78 T R T AA LA
P2 fioh 2 U v TR MR R R AR — A R
BB, (R B T S 2 AL R RL D9 AT SR 4 7
it , 22 FLRE = i A K AW 75 K K 2R SN 2L RE TS
i TR AR S I E IR 2 AL B R N AR IR
JEE AR L BE AR AR TS 7K YA 7K 1 A - 4
R4 A R B, A1 Ok BE T IR AT AR ORI T
AR 22 BB B2 FL A TN 3 43 K + 5
ORI AR B 2 LA TN K it 78k
AN /b R T VR LA 7 18 M RN S IR R
98°C A F o #E 11 min Z& 47 . 6 JE 36 0 2 3% 7 186
Jns HEE T 2 AR BERYERIX. FE R EE R 120 °C
B IR BE B BRTE S 5 min A4 . XEH N E
LA TR B R B 2K T, ZHLREN R
IKZESRZ LB 42 0 T AR ZS L 2R S ARGR 1k Ry
TKZES RIT VR HRAS . K ZE R JCR W 1 1
WA K B 2%, P R B TR T L T W E
R FE 1A N 1 % B8 K LR AN T 22 FLBE T 1% 18 s
W 5 F PNV S 7K R T T 2 T R R T R L
FRP|ERAMBEE. EREEN 98 CEMT.,
Ik 5 AT 22 min, T F W E R 120 °C 4

50
40

lrl
e

30 —_——t,

20 L L L L
0 5 10 15 20
Time/min
(a) FHRIL N 98¢
120
10|
100F
90 F
e 80T
= 70 F
60 F S
S0 ANy
40-F i :_‘
30 A
0—~1"2 34 § 6 7\8 9 10 11 12
Time/min
(b) AR A 120°C

Bl 5 v IS T A S RE I I 32 I B R] 28 £ 1 i 4R
Fig. 5 Curves of surface temperature varying with

time after stopping coolant supply
'ftFF ’ lﬂﬁﬁﬁiﬁ‘m 9%% 12 min %ﬁ
3 %

AR SCH A SIS T VRO T WA KA v
X Be 4l AN 5 4Nk oK 22 FL S AR 25 A 1 &R E
R WFSE T AN A 32 0 I B RE TR B A R AR
TR I DL » R 45 SR 5% A ik TG+ 4 T DA H
RPN, FELIEWMT .

1) DAZKAE R ¥ 2050010 2 01 v ) g 42 I AR 4r
AV HICR Y TR 120°C FEAFE R 2%
i BE TR 5 R R 22 e KR 85 °C L% Al
R ALK 93 %.

2) KPR SCHT 3 AN, SO AT B A ]
t 14T B AE AN [ 32 300 3 B R A SRR T 38 Ok e
B R NEANREZMET 6 /DT s YEARK
KbF e, Fl g AR K, S AR/ HT 6
I A Kb K RS R R 2R (A5 o B T A SR AR
AR K I AE S5 AR A i, T DL R IS
B v i S0 BE T LA AT V8 0500 1 B A6 1 .

3) 7E 3CH I Y PR AR A 32 R T A )



%9l

RE LK AT « BRI T Ve SRR S

1961

TE AR R R B A v A0 200 BT IR AR 25

4) AV JIK AL B, BE T IR AR T e F
EWEE R R 2T R Y B R X
3 6 R 5 A EE T 7K IR B 2 T R 2 FL A T N AR A
e A1k 76 T B BL

TEARSCI B W T B0 . 2 L SRR T A7
TE— JZ KB, R A AR R . Y 32 i Ui 32 4K 2 3%
I, AR S 23 75 20 L X A & 2R S BT 3 B0 S350 3
BETHT I £ 28 09 AR 28, REFE 70 M H K 9 T 4
i — 2 48 Y EV IR A S B B R R L K
FEE RN R 2 5 | B Xof kS BIL 285 ) 1 o it A AR K 1)
IRAE T PR 7 R SR B BF 5 v o 5 00 g i v o 2
WA AR AL BT V% I EAT WESE.

S 2% 3k

[1] Tani K,Kanda T,Kudou K. Aerodynamic performance of
scramjet inlet models with a single strut[]]. Journal of
Propulsion and Power,2006,22(4) :905-912.

[ 2] Tetlow M R,Doolan C J. Comparison of hydrogen and hy-
drocarbon-fueled scramjet engines for orbital insertion[]].
Journal of Spacecraft and Rockets,2007,44(2) :365-373.

[ 3] Masuya G, Komuro T, Murakami A, et al; Ignition and
combustion performance of scramjet combustors with.fuel
injection struts [ J]. Journal of Propulsion and “Power,
1995,11(2):301-307.

[ 47 Sullins G, Anderson], Drummond J. Numeérical investiga-
tion of supersonic base flow with parallel injection [ R-.
ATAA 82-1001,1982.

[ 5] Pandey K M, Sivasakthivel T. CFD) analysis-6f mixing and
combustion of a scramjet.combustor with a planer strut in-
jector[ ] ]. International Journal of Environmental Science
and Development,2011,2(2) :102-108.

[ 6] Bayley D, Hartfield R. Experimental investigation of an-
gled injection in a compressible flow [ R]. AIAA 95-
2414,1995.

[ 7] Motoyama N. Mihara K, Miyajima R, et al. Thermal pro-
tection and drag reduction with use of spike in hypersonic
flow[ R]. AIAA-2001-1828,2001.

[ 8] Bouchez M, Cahuzac G, Beyer S. PTAH-SOCAR fuel-
cooled composite materials structure in 2003[ R]. AIAA-
2003-6919,2003.

Lo FNK, R Is 864, IR vl s & 3 WL SR B A 358 I 48 B 97 5 58
(1] fie2s 81 93 24, 2006 (2) : 336-341.

SUN Bing, ZHENG Liming. Research of scramjet strut

[10]

[11]

[12]

[13]

[14]

[15]

[16]

£17]

[18]

[19]

[20]

[21]

[22]

thermal environment and thermal protection scheme[]].
Journal of Aerospace Power,2006(2) :336-341. (in Chinese)
Kulkarni P S,Ravi B R, Reddy K. Two dimensional Navi-
er-Stokes solutions for transpiration cooling at hypersonic
Mach numbers[ ] ]. Shock Waves,2004,13(6) :497-500.
Reddy N M. Numerical simulation of transpiration cooling
over blunt bodies at hypersonic Mach numbers[ R]. ATAA
95-2082,1995.

Foreest A V, Sippel M, Klevanski J, et al. Transpiration
cooling to handle the aerothermodynamic challenges of the
spaceliner concept[ R]. Brussels, Belgium; The 2nd Euro-
pean Conference For Aerospace Sciences (Eucass) ,2007.
Bellettre J, Bataille F, Lallemand A, et al. Studies of the
transpiration cooling through a sintered stainless steel
Plate[ ] ]. Experimental Heat Transfer, 2005, 18 (1):
33-44.

Wang ] H,Messner J,Stetter H. An experimental investi-
gation on transpiration cooling: Part [l “comparison of
cooling methods and-~media [ J4:International Journal of
Rotating Machinery,2004,9(10) :355/363.

Schinidel L, Driftmyer, R. Surface cooling by transpiration
of afreezing liquid[]]. Journal of Thérmophysics and Heat
Transfer,1992+6¢1) :158-160.

Van Foreest A, Sippel, M, Giielhan'\A, et al. Transpiration
cooling~tsing liquid water[ JJ-Journal of Thermophysics
and Heat Transfer,2009,23(4):693-702.

Van Foreest A7 Sippel M, Giilhan A, et al. Transpiration
cooling methods for the spaceLiner[ ] ]. Notes on Numeri-
cal Fluid Mechanics and Multidisciplinary Design,2008,98
(1):170-185.

Henry C L.Delametter ] E. Scramjet fuel injection system
having independent fuel supplies for supersonic and hyper-
sonic operation: United States, 5660040 PJ. 1997-08-26.
Bulman M J. Transpiration cooling for a vehicle with low
radius leading edge: United States, 5452866 [ P]. 1995-
09-26.

Chevalier A,Bouchez M. Fuel-injecting apparatus for ram-
jet engine cooled by transpiration: United States, 6164061
[P]. 2000-12-26.

Bouchez M, Chevalier A. Transpiration cooled fuel injector
bar for a ramjet engine: Europe, EP0846920 B1[ P]. 2003-
06-11.

Bulman M ], Transpiration cooling for a vehicle with low
radius leading edges: United States, 5351917 [ P]. 1994-
10-04.



