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Abstract: Transverse jet is an efficient and low resistance method to reduce the infrared radiation charac-
teristics of aircraft engine plume in the 3~5pm waveband. This paper takes convergent nozzle as the object, and a
pair of symmetrical horizontal jet holes are arranged downstream of the nozzle. The effects of phase shift (0, 90°
and 180° ) between two transverse jets with the same frequency on downstream mixing and infrared suppression
were investigated by numerical simulation.The results show that the flow direction vortices induced by the pulsat-
ing transverse jet strengthen the mixing, and the phase shift between different transverse jets makes the vortex
pairs appear in complex time and space, which can fully enroll the suction flow and strengthen the mixing be-

tween the plume and the outside atmosphere. The optimal design of phase shift can further improve the mixing
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gain between vortex pairs and enhance the effects of infrared suppression.Compared with the state of Ap =0 with-

out phase shift, the infrared suppression effect is gradually enhanced with the increase of phase shift. When the

phase shift is 7, the mixing effect is the best, the length of the high temperature region decreases by about 14%,

the infrared integral radiation characteristic decreases by about 13%, and the spectral radiation decreases by up

to 21% , which effectively enhances the infrared suppression of the plume.

Key words: Aeroengine; Infrared suppression; Axisymmetric convergent nozzle; Plume; Transverse jet

flow; Strengthening mixing

1 31 F
Wi LM R IR RS R R, AT S I
MR 5 B . TR AT R R

WA KL LA R B R Y WESR R e R
AT g Y Z0 A0 G IR L AR ALK SN R T R S AL R
KW = ARy o Hoh K s AL IR AE S R R
Tk B2 2 3~5wm i BELL AN S Y 32 R IR NS R
SR (R AR XS /N A 7 A £1AD R SRR Y 10% £
A, AER R L R B, BT A1) PR AR, A S
R LA i DA AN TR 5 ] R0 ) H A

IR X8 B2 8 21 A1 400 i A 3 B i 3 AL 4
FEE WU B O WA DO WA S LA DL KR
FrAEP R R WA SR IR R R AR R
T3 gk X s LA R AR AT B 3 K 5] 5 A e
AURYIAL L DA 68 1 2 O 9 A IR R 4B TR L 3k B R
muélﬁl\i’fﬂﬁﬁﬂﬂﬁﬁé’l [F) ) 2% 3 7 — o 1Y 4 3 42k
7 A [ S5 7 D00 2 3 o 7 S 3 A — IR Bl 2 AR IR
/;MZIX,J_ﬁ1‘£ﬁrﬁlﬁﬂ‘{fﬁE"J/\EWJHEJ%”JQ/;IL%JEJJFEI’J%
TR, IR R W 5 A SRR B R AT BE B S 4, AR
Il TR I Y = L SO (] Ut S R 0 b
I, B () S T 12 X HE 1R N JLF BT LR 22
At

AT AR R, MR BE I R [ S U 45 4 32 B [ 9 Ak
BT ORTE . Yule il 3 ff FH L 8h o7 WAk B R
A BRI ST T R A TR A 2 X B XA
i 1t , I 45 S 3R WY 180 56 0t ok B IX el o S YRR AR
W WA O — RIIARE WS, 77 A T = YRR
s B8, 3 26 1 il A2 JE i BR 00 G O 27 AR R i
T, T DR AR % B B SO A A% 0 X SR AR 0 . Pack S
Xof s A A B B B G AR T Al i A R (B AE 1T 0 B
AT T SEEE ST . SEE A R R W], G U I Y 5 1)
23 W35 R W U R % A B2 o Randolph % 5Y T M
FE R U T R 1] U S A A RCR o H A R R B
AH TR 04 SR 98 6 3R, THz (9 38030 569 0 LU 2 8 S 0 1) 25
B KT 12% . Murugappan 25" % w25 591 3 b 5t

T AT 5T, b S % B i — 5 AR Bl 1 S O T
FBERERE PR, TRESELNEL D
B AR L 2 AN A8 1 Z AR 5 L L AR D8/ 5 s AL
SR/ AT DR KOS Bh R R, A O iR B
TS . IS5 o PIV 418, & B 7E IR 56 10 [
P, Bt 2 A0 B B T R, R 2 3 TR B D
%%W{Hﬂﬂédﬁ TR 7 3G, R i 2 3 TR

A 1kHz{%iJEﬂ%m%MLXTﬁFL &b
fﬂ/r%ﬁ@f;ﬂl’]J_ﬁT%&{m%U if DESBLHLE B, 4
‘i%JUEﬂJE@*ﬁrﬂﬁa‘mﬂhﬁa‘m&@EPEI’Jml‘ﬂ{%ﬁéﬁﬁéé
THOGHFT R, JES 0 i e L KO HL R T IR e BF
SO AZ O i R 2 2 AR O 3 i 2 AR Ak
AR FHRIES .

TE JR8 W% U 21 1 4 ) 7 T A e S A R Ak B TR
AW B EZ— Zhang%“”fﬁmi“ﬁj‘? 1%
AR XA [ B 3 A B 5 11 98 =X 00 5 Ak 15 1R R AE F
AT B AR 5T, 45 S 3 B 24 5 01 TR R0 1 1, %
MBS L £T A/ 0 410 1 205 R e o AT B A e S 56
SR B, A LG T JC R ) R KRS R RURE R
JBE A8 1) S A 2 VR A R MR 3~5pm 3 B I 41 4b
TR W R BT 60% ,45% ; XU | B A 6] 5 i
KV A B ZL A B R R N 4 ) R B T 5.1%,
5.3% ;3% FH JA 1) DU BE 3 AR, £0 AR TR B R R T
24.7%. Behrouzi 55" i A8 ) ST L T il X R 5 4 UL
Yy ke Pk (0 52 AT SRR E O . AR A SRR TE W

AR Ik v S 0 AR AR TR R R TR A
Wo T REENIREGY KB, X FRRE 1] 5 ST, 2 %
S5t B S A ) 9 A 4 5 Ak 45 TR SR B, 41 A
SR S A 5 T V00 S O AL R 2 0 K, R W R
SRAL B IR AR B W . KA RS HH KR
SOOI G R AR B SRR D S B R 1) G 3
T T DA R I R A ARTR A, AT fof A S O
T, 21 A1 A ST 5 B A AT AF LU AR AR ] S U, Bk o
o 16) B 3 A 3~ S I BE Y 2T A1 8 G i R ek B 2
[l £ Strouhal $ (S0) 7E 0.2 42 47 i} 5 AL B IR BUR i if -
New 55 F O 7 HOAR  BF 508 ) 3 0 1 A £ 00

=t

2207030-2



Faal HsH e it

#HoR

2023 4

Jei B B 25 R, A Tk S Rl 7 AR R DR RUBE N R
JEE T 2 o W I 4B TR Y 32 R

52 ) K e S O VR R 1 OCBE S 8O R R )
L Se RS U 18] Y AR AL 22 o Herp SRR AF A A o 22 7T
e 555 U U i U (L A IR T 5 T, By L S A P AR B R
T 1 WS R AR R, A AR S B IR AR o Parekh
S S5 25 L T Ik b B e S R A 5T R A A
TR 19%~2% I BEA R & B IR R 8] I 24 bk
iR [ SR AE 7 25 w i, FR SR G, S B
Xof kA 2 4 ) TR A R o Kamran 25 237 5 30 75 1
I e T U A% 1F T X8 5 W) A 1) S O 5 A 4B TR BOR B9
KESBIAT T LB IEME 5. DR aE AR W, A1
B 228 w i Bk wh iR B IR ROCR B br o E A EH
PEAT T SLER T IT B BB /D, T 1 XA AL 22 1 42
IRALFE R RAMIE .

AR SO R AN Ta] 5 22 18] B A 57 2 X5 48 1R 14 52 )
TR 5T, T 3 B AT 00 A 5 vk, F 5 W A8 S 5 IRt 7
ML AEAH S5 A LT, oA S O TR) B AR AL 2, % R S
B FLL MR VAT R B 52 00 o AR SCTE B AL F 50 kit
LB B R B A 2, A AR T S U R [
925 PR L 6 AS [R) A S 56 0 ) AR 2 5C AR B 52 i T e
WEGE, AT I X B W5 U 48 TR AR AIE 1Y 52 i R | 48 7R O
Xof 8 M it 21 AN A A i AL

2 HEHEFENFEES

21 HEHERZ
2.1 Wit ik

AR SCR R CFD B X6 W5 487 1 U 320 v 1k E A 7
oy, O 18 B RS 5 SR A & o T AR L 3k ] SST
(Shear stress transport) k—o Jit WA R . 22 241 43 B5 4 3%
H Species—Transport 4 4y s A A X C0,, H,0, CO
SELH oy U BE HEAT RS . X i S U7 AR L Bl i 5 FE A BE

Upp@r jet inlet

5

90°

Lower jet inlet

7 FE Y EHOCR 2 Bl K22 o #s 2
2.1.2 MRS Tk

B ST B W A R BOR SR i R
J1 R LA CO,, H,0, CO B BE /R B B 80, R
KO 37 (6 2 21 41 48 G T 53 3 b 0 A7 41 A0 4 B ek e
B B SR R R U R (RMC) SR H b 2188 0 f
S E SR N P RE I . TR S R T B R B T B
f %2 5 RS L RS R €0, HLO, CO 25 21 43 X 41 41
S W OR A SEVE R TR T S R AR R
FH B I3 5 AR TR

h A5 ) H bR A B 19 200 5 SRR o A L T E A A
HARZ BRI WIAER . AF5E R  7E 3~5um
U B P X i B Kk S AILHE SR G B 20 AN IR R AT
B, LT B (E a6 I S W R A R R IR 25 E
10% /i
22 HIEfEREY

Sy T R VA R AL A 5 A, AR SR A i A
PEHEAT T MRk, B 52 0 HE R G A0 48 il uF Bk i Sl
B R o AR A JE 1 AR D=220mm,
M E A2 160mm, 45 4K B 220mm . 78 H ™ e A B
] S5 o SR LR X AR 43 A 04 e S WA Sy A ) S
TR ASHIE S, W LR . R A K Smm,
BN 1) S A 0 T R A (BT A B R R
90°, BN % B N 113.137mm , b F 559 A 5 £ 52 A ik
1807, At £f1 A 90° , [R) IR A [ S5 97 4 56 B2 AR [R) , £ E
ok ) S 9 TR A
23 EEMEIBREG

VA Jom 2B 5 ) S 004 Bl o B S A N 8], 4 Hh AR SC
RN I8 2 R AT R R B AR . 3R
BN 10D, BB 3 K B Ry 25D 158 B0 ) J7 0]
N Z 1) T E TR A B Y A 2 R

S AR R A B AR R SR ) R R

Fig. 1 Upper and lower symmetrical double flat hole model and incident angle
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Far field boundary Computational domain
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Fig. 2 Computational domain of axisymmetric nozzle with

transverse jet
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Table 1 Flow functions of sub-flows in different states

Lower jet flow function

State Upper jet flow function

Ap=0 2.4 + 2.4sin(40mt) 2.4 + 2.4sin(40m)
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Fig. 3 Variation of discharge relationship with time of

lower secondary flow

Table 2 Boundary conditions and related parameters of

flow field calculation domain

Boundary condition  Total pressure/kPa Total temperature/K

Nozzle inlet 150 600
Jet inlet 200 300
Far field 101.3 300
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Fig. 4 Computational domain grid of axisymmetric nozzle

with transverse jet
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Fig.5 Axisymmetric nozzle wall with transverse jet and its

adjacent grid
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Fig. 16 Transverse section temperature diagram of plume at different states Z=D, =3/4T
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