202343 A e o B AR Mar. 2023

44 3 JOURNAL OF PROPULSION TECHNOLOGY Vol.44 No.3

& RT#SES R %ﬁﬁﬁﬁﬁ SRS

I K, BEEH,
(HERU A LR R shUFSE Br, 307 PRFH 110015)

i E-%ﬁ%%ﬁﬁ%ﬁ%ﬁT%ﬂﬁ%ﬁ%ﬁﬁéﬁ%,$i%i?ﬁi%méﬁﬁﬁ%ﬁ—
HATRAEE —RHAE T FAER, B3 HEZEoMTHAUAE., HABELIRAZAHATAS
BN mIE, LARLRE 17 GREZRMmx, 5 ﬂkxﬁ(%ﬁﬂ/ﬁ’x%i’] GHEEME; HARE
5%Es. AAMREBBHAABRHEIEML; HAAZTER BT EZEML, BAAXERBHHHHE
ikﬁ%oﬂ%%%ﬁ%,ﬁﬁﬂkikﬁT,%%ﬂk%&%%%%i%%ﬁ%mﬁ%%ﬁﬁ%@%
FEALIEH H2500mm & A A S, Ak, #—FRBT —FEK TR E (Design of experi-
ment, DOE) A& & i h o Big 0465 ik, SRBERNILAINZ T ETHRZZBNESD AN,
Bk, KM kAT AR o RIS A 2,

KR SPATRA; #HAHE; BiRE; AAME; BHHaAn

RESES: V241.06 SZﬁﬁ$%iHﬁE: A XEHS: 1001-4055 (2023) 03-22010048-08

DOI: 10.13675/j.cnki. tjjs. 22010048

Numerical Study and Performance Evaluation of
Jet Precooling in Full-Scale Inlet

QIAO Mu, XUE Hong-ke, LIU Xu—feng

(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: Aiming at the jet precooling problem of aircraft inlet at high Mach number and high temperature,,
an integrated numerical calculation model of full-scale inlet jet precooling device for real aircraft is established in
this paper. The effects of gas flow rate, intake temperature and jet flow rate on the performance of jet precooling
device are analyzed by controlling variable method. It is found that the gas flow rate is negatively correlated with
temperature decrease and positively correlated with evaporation efficiency and uniformity of temperature field.
The intake temperature is positively correlated with temperature decrease , evaporation efficiency and uniformity
of temperature field. The jet flow rate is positively correlated with the temperature decrease and negatively corre-
lated with the evaporation efficiency and uniformity of temperature field. The results show that under the same in-
let conditions, the special configuration of the aircraft inlet will cause the inflection point of the cooling capacity
and evaporation efficiency curve at the evaporation distance of 2500mm. On this basis, an evaluation method for
evaluating total temperature at the outlet of the inlet based on design of experiment is further proposed. Compared
with the experimental results, it is found that this method can control the error within 5%.Therefore, it is effec-
tive to use this method to predict total temperature at the outlet of the inlet.
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Fig. 2 Nozzle distribution diagram

AN [ SR AR R AN [ M A AN [ AR AN ]
oK it R (32 1S B R R S S ) AN [ S IR
T R LI S 55 Ak KR P 1 5 e R R R A A 22
W LT 43 A1 A (Phase Doppler Particle Analyzer, PD-
PA) £ 1 8 356 18 1 F il ) 200mm A2 8K 1 R 4 A% A
) A0 YT R AR G 0 3K 5 SR 3R B X I AR R
90° I W5 , T I B 42 4 0.6mm , K A2 b Ay 3.3, K Uil 3
A 65 ~ 120m/s, H It i & A 3.5 ~ 20g/s B, I 4 2] 1Y
W BLAZ A3 A R 10 ~ 30pm , 1 56 4% 14 BE 5 5 A SO 8
(BB 8L 43 BT 119 4= 1350 AR DG BE , DAL O 7 AR B0 (8 T 530
Y bR A U VR R AR O 10 ~ 30pm , P YRR 1R
BN 20wm , RLAE 43 A 3% $F Rosin—-Rammler 73 i o 45
AR NBIESE R R Ok I AR AR AR R B K
B VR A T R A, 52 K A JBT R B 1 5 e AT B K KR
W 300K, B AHRERHEAD, 1 HEEHR
FE D7t 0 RE Tk 4 PRE T, 5 A R IC IS e
B R 1 R B B 101325Pa, 5 1E IR A
288.15K.
23 MELEXERE

43 9] 6 B A% KB Ry 361 J7 A1 923 T B
LUAT MRS B IE . AR S N R R
55.96ke/s , SR BE SS8K, WK I i K 4.17ke/s, K ilE
77 3 U X 5l 77 18] 300 ~ 3000mm (FE < H S i)

P DN AR T T, X EE 3 A A ] B A
A TP 2R Y 22 SR A O, WA 3 R

S0r . —=—Cell number=361x10°
¥ ol N\ —e— Cell number=9.23x10°
g 4 o (1+1.3%)xT,,,

S 480}

[}

(=9

E 4601 &

S 440F \

=} N

) L N

% 420 \.\\

5] L ey
2 400 l\

380}

0 500 1000 1500 2000 2500 3000

X/mm

Fig.3 Influence of different grid numbers on average total

temperature

— T T T R R A 2 0 AR R AR R
PR B T A ] 550 305 A% 38 7 A 250 L A T B o 5E AR f T
SR RE o B A% Kl Y 0 B — o R e, R AR
U 2 WINN Y EG iR D IREZP IR e R E S A
AN i — 20 34 im0 A 2 1t B IR R I AR L Y
DA A% B0 923 T R T NS5 X L i
FlOF 87 R 2 S AL, R 45 R R 74
T 24 B R T X AR e 3 — 3 328 AR/ B KM
X iR 2E AN L 1.3% , 16 2 S JC MR oK L 47
R TR R SRORS BE S, 3 O A% B Dy 361 T
AT AE 7 58 58 LR SR WE9E L IZ AR Y B 11307 .

Y SR FH A 25 80 Ak A%, DR IE S5 /0 XA AR FR
1E A% ALl B AN HE e 0.9, B T 1A 2 B DA S A A
AEAR TR ZN, HAT 22 SR ) A ) S I AR, AT R
JELHRE S DR LM o R A AR5 i BRI AT O A 2 AL, T
0 B TV U A R BT, OC B DX 48 IR A )
315 BL UL 4 i B LA

Cut setcion

B direction
-—

B direction

Fig. 4 Grid distribution diagram of key areas

3 HEERSW

AR 3 A A ] vk PT ST HE  ER

A

22010048-3



Fast H3W

4 NSF T R TV BRI 5 S Ak BE VA

2023 4

ISR I U A X S I T e A B R BE ) L 28 R OR
PLRCH PR A B A v se o AR G AR R
S5 RS A R EOK REMRE T i ik H AR R
JU o AR SO U R i R R R S IR
Yoy A Y 248 B -
3.1 HRRENEMm

BE B SR BE 550K, S U U & 3.65kg/s, #E U
= m, 73 9 K 45kg/s, 55kg/s, 62.5kg/s, T0kg/s M 80kg/s
FAS TR AR Ao MU A OT S U VA B U
FZE LRI W& 5 BroR , 0 628 0 il 2R AR R 2%
R FARAAE DL, 78 K R R I A 5 Y Bl i R
0, 520 1l 2 R I UL 1 A8 AR A B0, B TR i X I 2
R YRl S5 R R BE B SR a0 R W X
I 2h& A 7] 0TI 1 4 T et 2 BRI L 28 R AR B
FhiE , #ESE 1 E /N R Y 104.4K, B K B IR
M 169K, I 22 15 3] 64.6K , i K78 KRR N 82.1%, I
R R RN 86.5%, 8 R RN, ZMEA
4.4% . W T KA B T R R B LT AR
Bl 1S R, R SE R, S B R
PRI, ACTE PR BT IR R DA 2R R AR AR AT
ZE R RN B AR R AR B K T 28 R AR
F WA R KA B IR 25 R A R0 4 X 1R T
FE 5 ST B 2 RCTE PR IR A L 5K
A TR 25 A8 K, TR B AU A R, T AR R 4
XF P B AR /N 28 e T ARG R A R A Y B 0
FHOK A B AE HEAGE N Y 3E B R AR R 2R AT A
Bl ok F B WG I A R TR B ZE K E

T /K
530
501
473
444
416
387
359

(a) m =45kg/s

330
-

\

(c) m, =62.5kg/s

AW B S AT LUE 7R R BEORAETS B
75 RS A BN LR ) 2 R AR A B R e T
UNEEPNIF RIS awi NINER7 SRR = i ii;
ACTE I XAl L ri) 7 R U YR A R E A
12 By LR, AR () 78 5 B S Y R 2% e Ik ] A2
Ji, B R R B B/ S T R a2 2 3 B
AUIE R S ) [ A BEIE W Yz B T AR
R, 100 B A 9B AN W 2 K RO R AR B N, S
2 N A DB )1 G I VR i i
WK

90
160 _am =45ke/s
—e—m, =55kg/s 180
o W0 & p'=62 Skefs 701 58
% 10l m, =70kg/s ] S
g B —o—min=80kg/s 160 g
S 100} £
P 50 £
ERE £
5 - m =45kg/s 140 &
& 60t —e— m, =55kg/s &
5] ——m, =62.5kg/s {30
= 40 —— mi“=70kg/ S
—o— m, =80kg/s 120
20

1000 1500 2000 2500 3000
X/mm

Fig. 5 Effects of gas flow rate on device performance
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Fig. 9 Effects of jet flow rate on device performance
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8 4 1 1 53.3 610 4 429.0
7 5 1 1 30 610 4 341.7
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9 7 0 1 41.7 520 2.43 388.8
2 8 1 1 53.3 430 0.87 390.9
4 9 1 1 53.3 610 0.87 561.5
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Fig. 11 Pareto diagram of standardization effect
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