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Abstract: Infrared detector technologies pose a serious threat to the survivability of modern military
aircraft with wide use of turbofan engines. Based on the air tab mixing enhancement technique with active
flow control, experimental and numerical study was carried out on the application and mixing efficiency of
air tab in multi-channel turbofan nozzle, and the use and control of mixing was explored to effectively
reduce the temperature of the jet to inhibit infrared radiation and meet the demand of the aircraft stealth
performance. Experimental results of the model of mixing enhancement with air tab were analyzed, and

the feasibility of the study method was verified by comparing the experimental and numerical results. The
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verified numerical results showed that the air tab can improve the thermal mixing efficiency of the nozzle

from about 0.17 to over 0.3, and the high temperature jet core area downstream of the nozzle was reduced

by more than 30%. Good mixing performance was achieved with almost no total pressure and thrust loss

from mixing.

Keywords: air tab; mixing enhancement; flow control; multi-channel nozzle;

thermal mixing efficiency; jet core area
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Fig. 1 Schematic of nozzle internal flow channel
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Fig. 2 Diagram and figure of nozzle and gas chamber
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Fig. 4 Experimental model on test bench
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Fig. 5 Computational domain and boundary conditions

5 S B RERL A, ST AL S L AN
A WE . & B BRI 101325 Pa, Sl CA
300K, . AMA H RIS B % R A H R s g it
FO A E, R AR i 8 7 T80 P B o 7 1A
B W PRI RS E BUE AL (7 TR LG S5 R Y
VIR —80, SEhr TR il B & sh AL A8 11 Ay
TR R 1.8~4, AR SCHEHR 2.5 1 A W45 19 1 11
V&R I, T HLRTEHR T 2.0 F1 3.0 BN 75 K L kAT

20250451-4



513

R BE A, 23 I WU 3 2 AL B IR MR RE A S8 5 KB LT 5T

5%, RSB = R AR S T B IR MR RE .
R E O R 729 K, KB 2 B AR E 1 R
h 300 Ko W8 A8 598 7 id 18 BE T TG %
2 PR RE T P55 1 o 0T FRAS TR R X R 30 Ay
SRR 5
22 EHIFERGSHE

S ARUE TS R AR B, B o XAk 2 By
A . HEHE realizable k- Jif AR A UE 1T B0
BEAEL, PR A 32455 A R L o ) b ASE 00 A O T U 1740 T
ey, I B RE 1 R ) /0 A i 1R 5 2R 5 5
PR AR, 8 Bl WA A PN L MR AR IR
MHZER K, RS AR IR, B AR
K FH PR ARURT R 48 SR S5 4, %6 52 R Sutherland
A R, S R PR 2
JNTF 4% H A TE T 1%, HLWTE PN EET LAY R
Ji5r A a T RER, AT S .
2.3 W& X MEIIE

54 3 7% J& H (nozzle pressure ratio, NPR)
FESCHBEE AN DR T SR 1 2 1, YR85

(a) W P4

R FTIFET, 8 %€ R E ( secondary-flow pressure
ratio, SPR) & X NN % i A H T ) 5 B4 I
M A Z s X T AR ) Y TS5 eiAsE A, R
G A5 AL S AT 43, R AR s R L
h 2.5, KB R R T 0L, 2R A R (4 320 4
FA VAT BAE AL, XT3 2 AN [) DR s %5 BE i 35
DR A HEAT AR TE PR IRAIE . 26 1 AN T] A% 2% i
T HISEON L, 23 0 R R R L A A DL K
B 5 D A%, 57 R UE 3 BE T R A% 7E 11.5~30<y"s
300 A R P, A A i i 2R A BE TRT R 5 )
K, AR BE 03 SR AR A 6 BT .

F1 AEAMBZEETSHITLE

Table1 Comparison of parameters under different grid

(b) A%

quantities
PR A 25 A% FR/10* TR T PR
TR A% 80 60
F 25 P A 200 60
TR A% 500 60

i

(c) B RIS

Fl6  ANIFE R T M

Fig. 6 Computational mesh with different densities

XF TR AR AL AR AT 1Y 5 AR T g 20 A1, 4
e AL B3 LA XsH JO7 T 250 9 8 27 PR 3B 2 11 1 7, it vl LA
P4 2N T AR (poon) » 18T XS LA R T80 B9 1%
1504 o X T RN AL B A I A R A S
WA A B 7K P S IR LA Y A ELAR, vl
PAFH BN T AR (L)

ARG L B i Ak B 5 5, HETC R 49 RN AR
iy B, TR A FEAE Sy x i, AN TR 4 B A% )
BAE AU ZE SR 1 W AE BE 1T g 70 Al EAT 0 LE, 4
K7 B7n o AT LU H o S A% R 25 A T ) BE
T s 3 A B 7 — B TR 6 R A 114 1 7 0 A
H—EH G HAL RIS SR 22RO . SR a % &
JIr s TR, LR PR UE T 45 A B e 1, e ]
H S5 M EA T 2 B BB AL

24 MESHENX

A A S 6 A5 1 ) RS0 B TG T 0 b
R RS BIRAUR, WSS ALK
S0 E A BCE A UL 235 L, ) 52 30 v D) 3R AR A
Uifs B T s & i AL B IR AR W b, Ay
FE SO T A RS F BIRACR A XS5,
35 TaMNiknm . RIBEGRCR . BIRIRE R
HE 1 REUA G Az O X T

04 F 8 AR T R 1 R R O T R, TR TR i
HEHWMERKR, RHILTENRE o #1750
B, RE T AR 0 i i, AT A 1 AR N
EF HIC N1k

(D

D (6w 8v)

UCOI'C

0y 0z

20250451-5



Ml s 8 004k a2k
036 Po— X p B, AR in R %A ORI A H
— A [N e e
————— Bt e o S b
035 | HEJ) A4 CRERE B IR SR I ) Bk,

< 034

033 |

0.32

P 7 ANIR] PO f BE ] JC 2 2 e A3 A
Fig. 7 Comparison of non-dimensional wall static pressure

distribution for different meshes
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Fig. 11 Comparison of numerical and experimental results of non-dimensional radial total pressure distribution

at the position without air tab injection at nozzle exit
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Fig. 12 Comparison of numerical and experimental results of non-dimensional radial total pressure distribution
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Fig. 13 Vorticity contours downstream of air tab under different working conditions
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Table 4 Mixing performance under different working conditions
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