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Abstract: In order to suppress the infrared characteristics of turbofan engine exhaust system, the perfor-
mance seeking control for minimum infrared characteristic mode based on infrared prediction model is proposed.
Firstly, a simplified forecasting method of backward infrared radiation intensity of exhaust system is established.
The prediction method which has credible simulation accuracy takes into account the infrared radiation of the
high temperature components and the tail jet in the exhaust system, and the absorption of infrared radiation of the
high temperature components by the tail jet. Secondly, based on the component level real-time simulation model
of a turbofan engine, the cooling structure of the center cone and the inner wall of nozzle expansion section and in-
frared prediction module are added. Finally, based on this model, the optimization principle of the minimum infra-

red characteristic mode is explored, and the feasible sequential quadratic programming (FSQP) algorithm is se-
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lected to optimize the two working points of subsonic cruise state in real time by controlling the flow rate of high

temperature wall cooling gas, the fuel quantity of the main combustion chamber and the throat area of the tail noz-

zle. The simulation results show that under the condition of constant thrust and other constraints, the forward and

backward infrared radiation of exhaust system decreases by more than 30% and the infrared suppression effect is

remarkable through the performance seeking control of minimum infrared characteristic mode.

Key words: Turbofan engine; Infrared characteristics; Performance seeking control; High temperature

wall cooling; Exhaust system
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Fig.1 Turbofan engine structure
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Table 1 Comparisons of the calculated results at the design

point
Parameters AED,, Model
H/km 10.9728 10.9728
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T 8 8
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Table 2 Comparisons of calculations of infrared radiation

intensity

Infrared intensity . . .
. . Infrared intensity of Relative
of prediction ’

method/(W/st) NUAA_IR/(W/sr)  error/%

Center cone 1633.9856 1638.7648 0.2925
Core entry 0 0 0
Bypass entry 0 0 0

Nozzle 8.5455 8.1782 4.2982

Gas 131.4025 135.1042 2.8171

Total 1773.9336 1782.0472 0.4574
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Fig. 7 Minimum infrared characteristic mode optimization at H=9km, Ma=0.9
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Table 4 Optimizing results of minimum infrared
characteristic mode at H=9km,Ma=0.9

Parameter Origin Optimization
W,/ (kgls) 0.4011 0.4125
Ag/m® 0.1456 0.1386
g, 0 0.03
e, 0 0.01
FIN 16656 16576
sfel (kg-h/N) 0.0867 0.0896
I./(W/sr) 184.75 25.15
I/ (W/sr) 537.68 511.08
16/ (W/sr) 0.0429 0
1.1 (W/sr) 106.32 19.47
IR/ (W /sr) 828.80 555.71
T, /K 1544.2 1558.47
n/% 93.02 90.52
n /% 92.82 92.99
St 0.1895 0.1547
S 0.2298 0.2249

|||||

Table 5 Optimizing results of minimum infrared
characteristic mode at H=8km ,Ma=0.8

Parameter Origin Optimization
W,/ (kgls) 0.4274 0.4345
Ag/m® 0.1456 0.1420
&, 0 0.03
€, 0 0.01
FIN 18128 18037
sfel (kg+h/N) 0.0848 0.0867
I./(W/sr) 184.75 25.08
I/ (W/sr) 537.68 528.35
I,o/(Wisr) 0.0437 0
I,/(W/sr) 89.59 1591
IR/ (W /sr) 812.07 539.35
T,,/K 1545.67 1556.80
n/% 93.11 91.44
n /% 92.94 93.00
S 0.1900 0.1828
S 0.2356 0.2256

xxxxx
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Ve A0 A JFC BE T I JRE SRR B, 2140 e A 5 R L B
Z TR
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AR SCLLI B R B HL R DF 58X 5 JF R T /2L
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SR AT LR SE AR T LR 458
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(3)FF FSQP BVE X & s MLIEAT fie NLL A RRAE
B iR T AR o 3 UK S HILAE 7 T A B
() TAE S HEAT T4 - BT H = 9km, Ma = 0.9 FI
H = 8km,Ma = 0.8 X TAE S AT E . S50 %
W . Kk B HLHE R R G2 0E I 0] 20 AM 48 5 F B T 30% LA
L £ R R T A AU R 0.5% (1T LA
o TEE ) W R TR B = I R R G A W R
P B 2 2 R4 A
B RO E K A RRE I S b e m R R 55 B
ERAABEETH D).

S0k

[ 1] Al-Tameemi M R J, Yu Z. Thermodynamic Approach
for Designing the Two—Phase Motive Nozzle of the Ejector
for Transcritical CO, Heat Pump System[J]. Energy Pro-
cedia, 2017, 142(12): 1206-1212.

(2] ZuEE, XEE, KA. RS CHLR LM E
FEEELT]. JEFHIR, 2011, 40(2): 289-294.

[3 ] JE&FE, sk W, T4, ashl&d S Smash e
B RN BAR B9 23 T [T]. 4040 5808 T & | 2007,
36(6): 778-781.

L4 ] X1 &1, RATERLAMR S PEREIA REA5E[D]. ™
B R T R, 2017.

[ 5] Mingdong L, Yong Z. Military Aircraft Infrared Stealth

Basic Principle and Application Discussion [J]. Stealth



WAl HESW

0 I 2 B L IR /NEL AR AEASE 20k e 504 1 i 5

1177

[7]

[ 8]

[9]

[10]

[11]

[12]

[13]

[15]

Technology, 2010, (1): 7-12.

4. LUAMR B ROR N KR R )], T EDE
%, 2013, 6(6): 818-823.

Mingdong L, Honghu J, Xiaojuan S. Thinking on Infra-
red Stealth Technology of Aircraft Engine[J]. Stealth Te-
chopogy, 2006, (3): 13-18.

WTE, e, UK. 2 RSHEARETLAN L
9 B BT 58 (7). 2050 5 308 T/, 2012, 41(12)
3154-3159.

X, ML BOLS AR R AR R RN M
filr L A, 2011, 31(6): 19-23.

UL, M, @ I, L S RS PR S HEOR
ST SRR A BeE R, 2017, 28(10) ¢ 1-7.
T4 HER R G B AR R R L ANk BT ST (D).
P PEAE R, 2011.

BOOE . RS R LA R B SR
R R REF EOFFE D], BT B A AL R K
%, 2007.

Rao A, Mahulikar S. Aircraft Powerplant and Plume In-
frared Signature Modelling and Analysis [R]. AI4A
2005-221.

B, HURWE, B 4T, AL BRI B R A A
AN HE RGN BT L] HE R
2011, 32(4): 550-556. (HUANG Wei, JI Hong-hu,
SI Ren, et al. Investigation of Infrared Suppression of Ex-
haust System by Reducing Surface Temperature and
Emissivity[ﬂ. Journal of Propulsion Technology, 2011,
32(4): 550-556.)

FOHL BEE, BLE, L S RSP
LLAMR SRR IR BUE MRS (] i ss TR, 2013, 4

[17]

[18]

[20]

[23]

(1):126-133.

Orme J S, Gilyard G B . Subsonic Flight Test Evaluation
of a Propulsion System Parameter Estimation Process for
the F100 Engine [C]. Nashville: 28th Joint Propulsion
Conference and Exhibit, 1992.

Orme J, Conners T. Supersonic Flight Test Results of a
Performance Seeking Control Algorithm on a NASA-15
Spacecraft[ C .
ference and Exhibit, 1994.

Guo T H, Chen P, Jaw L. Intelligent Life-Extending
Controls for Aircraft Engines[CJ. Chicago: ATAA 1st In-

Indianapolis : 30th Joint Propulsion Con-

telligent Systems Technical Conference, 2005.

AT, SR, R, L TR AR
Jad Ry ML ek AR Al L] M A B
2016, 31(11): 2801-2808.

EAdERE, SR, MR, L T E A B FSQP
Bk R S PLE e SR A g [ ], HEHEROR
2012, 33(4): 579-590. (WANG Jian-kang, ZHANG
Hai-bo, SUN Jian-guo, et al. Experimental Verification
of Aero-Engine Performance Seeking Control Based on
the Hybrid Model and FSQP Algorithm [J]. Journal of
Propulsion Technology, 2012, 33(4): 579-590.)
JESCHE . LA R Bl R s i R e A TR 1) 6 S 0 )
FLFFEID ], FE AT A R R, 2006.

ToFE, EE, TG W R SR SRR R S
HE TR B R G W D IR A A (D], s
;AR , 2016, 31(4): 816-822.

St RATA RSB ARIM] dbat s Tolk iR
¥k, 2013.

(%45  Bt)



