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Abstract Hypersonic overflow cooling is a new type of aircraft thermal protection method. The basic idea is that the
overflow hole is arranged in the high heat flux area, and the coolant poured out in an overflow way.The liquid film spreads
through the aircraft surface friction forming a thermalipu layer to reduce the surface heat flux. Now, the overflow
cooling technology is still in the exploratory stage, and a large number of experimental verification and mechanism
research work need to do. In this paper, wind tunnel experiment platform for overflow cooling was build, adopting the
heat flux measurement, liquid film thickness measurement and liquid film motion observation technology. The feasibility
of applying overflow cooling to hypersonic thermal protection was verified, and the characteristics of liquid film flow
under hypersonic flow field were preliminary analyzed. Reserch results show that: (1) In hypersonic flow field, the liquid
film can be formed on the vehicle surface , and effectively isolate the external high temperature air to reduce the surfac
heat flux; (2) On wedge surface, the leading velocity of the liquid film gradually decelerate. Increase coolant flow rate,
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the liquid film thickness change is not obvious, but the leading velocity of liquid film will increase; (3) Surface waves
exist in liquid film, and evolve in time and space direction, which leads to slight perturbation of liquid film thickness; (4)
There is a lateral expansion phenomenon in the liquid film layer, that is, the width of the liquid film is greater than that
of the overflow hole. The reason is that the liquid film layer don’t match the flow field boundary condition, and there is

pressure gradient, forcing the coolant to flow to low pressure area, thus broadening the liquid film layer.

Key words hypersonic thermal protection, active cooling, overflow cooling, liquid film

E1=

R P AT S KT 1 T RV
P, S FR R SR G, TR 3
HERHE ORI U AR, TR €47
Bt AT ST T K AL RS
LT R P AT B R AT B o
IS P W SURE VT Js REPNIOTE 3
B, HORBEREHES, MBS TV
T, AL 57 kWP, B O
TR, TEL O LA ARSI ) .
[9 51 CL PRI B0 KT AT RFFA 1 979,
e 6701, ey A 01, S 2191,
B 08710 AU s 2022 4, LRI AE T RiAY
1y AL B (0 P . e RITIA 5
LU S TEN eI N oy EZ R e
T L 74 AR5 SO 60, S A
U RATA A0 TSN T ELIE T BLI L A 503
1937 KT RS ARSI OB 5775 k. 3R g
PRI, (e TRESCEL L AIELAL A%, I
R S LN 2 9L OB R A LA T 7
LRV A « 4YRELL K R S 2R
A AT 2 AR R,

XS B, i 5 L RIS 4Rl 7
BV A B 9, B 1 TR, VA H A
SBATH « LRGN HHE AT B B AL, TR 2]
WAL RER R ), (RAE AW 1 LA S 10
D5 LS U R PR A
S, B BRI, R A
BIAE= A7 — A RO RE B A Lo
SYYTRGRS, MR U T2 42—
WA TG SRR s MY AN LA
B T4 U LA, AR 2
AR BEE A TION 2 UM RO R, K
4> £ AR I TS0 R A4 BT

BT =R EIIHERIANZ A5, v HAL A
AASHEANBISMR A (R RIIR) B, iR
SIS, SEIGA TR E I Wi FEAR A it A
JERBIE, AGEE N S0 A PN 5 i SR T 1R A B
% BRI AN AT SIHLERARAEL, FUR BB B 1k
J7 AANA], AR AT B KBRS A4 56 B S 0 T g

IR, JF HERAR T v R IE B R S 2R e
&, SR TR A5

Bl 1 s HR =

Fig. 1 Sletch of overflow cooling
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Fig. 2 Wind tunnel experiment model
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Fig. 3 Schematidiagram of liquid film thickness measurement device
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Fig. 4 Calibratiorresult of the conductivity probe output characteristics

B P55 0 i RS2 IR TSR bR R B, BT
AT 81 P PEL 5 8 Sk o 2 AR OB 23 T 58 9 1 TR B Ay
0.01mm KRS AD 73 1% 1647, HRERIL
R 2 3 IR R B i 22 /N T 0.2um, BRIBE RTIA A
VL2 JE N 45 SRS FE 2 0.01 mm,

1.5 BRI B4 X0 )
Y PRVA HIVR I oL AT 28 R 1 EE P 5 R T



4 i ¥

£ 2018 4 & 50 &

+E

RN T RRIE R Bh R P i A ) DR O A4
At G VOB S O o VR T AE AT R TR R T
B AT I T SRR ) = YE R SR
SEBG R BRI SRR T I 32 P 9 A SR s AR L
SER. 4R /N R LA R 8 IR AT Photron SA4E
AL, A8 5 KGR S B IR a 2 2 1, R A
SRS, WAL R I B she s 5 — 4R
FH LED [ Y6U5 R0 Photron SAL. T AL 2 A & T
PRI S 56 BE R W' 2 1 11, SR 3l il 45 B B
M TC I S LR & HRR SR PE.
1.6 MR SKIE BT Fig it

hy SBT3 3 3 R A A HIR0E N T R 1 iR
R, 75 BN SEUG I P AT e vl DURUEYA EILE A
TR B G PR, 7853 ) R S5 I TR SR
SEIE TR i 2 s TR A EI A N A ) B e
8], 435k 11.7 msHl 26.4 ms. T 74 Z19 B R 1] i)
I TR 7 AR RG] s KT T i FEL R IR e vl 1
SEIGI K 5 B, B REIR IR A A Quantum
9520 FiE 1R il & 7 5 k.

K 5 s pnE E

Fig.5 Sletch of experimental timing
2 KWERSHH

2.1 iR AN R TP E

B g — T ) e 8 75 T8 RAT 2B B AT T e
IRANWETURT, B 50 75 20 T AT M T S AR50 UE . 4
TALVA A0 T R L A VB BRG 2 AM S il <, TR K
TS AT 20 B AT 348 2 T AL A Yk A 0 1) e 22
St Sk T R R S 56 1A T 50 <

(L) ren PR IR T R A5 T B

(2) WS 2% BB T T BN I A 38R 125 0 v
S

RG] S 56 R F e 25 7 as AT, SRSk R
PP P AR AR R T R R AR HatOpiNp=
2:1:1.25, ¥JHEH 110.12 MPa, R 5 RSt
Fi. W EIER B RIK, SE L 53608 332uS/em,

x1 RSN
Table 1 Parameters of flow field

To/K Po/MPa Pe/Pa Too/K Ma
2832 0.62 255 401 6

0/Pa
6432

WA 10.6 gs.

Shyohof B el A R e v SR DR 1Y)
SO, SR TFAA T, WU SR B ¥ 42 100 Pa, 1
Tb VA EIAE N R A NYA HTA, 0 T vy AR AT LU
FIAHE AR B ) Ewgih, il 6 s, i
JESJE AR HIE, — BN A) i 38 T8 vy g A
WA R G W 7 P, P RGBT
R (e R T, ) WL v A R I 4 AR R A
TERE SR Y G, A8 HT, i1 s vl i)
U AR, R HRE NG ASZE ), OB R
) SR (R KA s i3 ST G P N HIR IS, VA2
WSS EAER], A e [m i T 3 4E
FHV HIA RAEAE R RLR T, T8 BGRBE.

Bl 6 U SRV UK AT

Fig.6 Thecoolant column before flow field establishment
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