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Influence of design of convergent-divergent nozzle on aerodynamic and

infrared characteristics of serpentine 2-D exhaust system

Wang Yuheng, Ji Honghu, Cheng Wen, Li Jiquan
(College of Energy and Power, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to investigate the aerodynamic and infrared characteristics of serpentine 2-D convergent-
divergent exhaust system, three serpentine 2-D exhaust system with right behind full-shield convergent-divergent
nozzle were designed. The effect of centre line offset-diameter ratios between throat and outlet, (S5—S;)/
D=0.26-0.3, and width expansion ratios between throat and outlet, (Wy—Ws)/D=0.1-0.36, on aecrodynamic and
infrared characteristics was studied numerically. The results show that relative to the axisymmetric exhaust
system, the infrared radiation intensity of three serpentine 2-D convergent-divergent exhaust systems decrease by
73.4% on average in the range of 0°-15° for tail direction, and decrease at least 60.3% in the 90° direction of side,
upper, lower detection plane, the decrease of infrared radiation characteristics increases with the decrease of
(Sg—Sy)/D, increases with the increase of (Wy—Ws)/D, and more sensitive to (Sg—Sy)/D. The thrust coefficient of
three serpentine 2-D convergent-divergent exhaust systems increases with the decrease of (Sg—So)/D and
(Wy—Wy)/D.
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Fig.1 Geometric model of the reference axisymmetric exhaust system
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Fig.2 Geometrical parameters of serpentine 2-D convergent-divergent

nozzle
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Tab.1 Design parameters of serpentine 2-D conver-

gent-divergent nozzle

Parameter Model 4, Model 4, Model 45
Lp/D 0.641
LoD 0.9
L/D 1.64
Sg/ D 0.286
AglA¢p 0.3
Ag/Agg 0.37
(S5-So)/D 0.30 0.26 0.26
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Tab.2 Boundary conditions

PP, /K Weo Wino Weo
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Fig.6 Grid of flow field and wall in serpentine 2-D convergent-
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Pl 12 %Rk E Y CO, H AR 431

Fig.12 CO, component concentration distribution on the symmetry

plane
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(1) A7 R0 T

13 25 T = R3S B —nilie i HER R 5 3
TSR B HE SR G AR 5 4000 TR P ) R G o 55 i
A3, Hod 1c T R AR E B s R HeE
WO FRHER R G IE R ) CaliZk 0077 1)) (B 40 i 5 ik
FERIE

detection plane

FEEI A a=0~15°F, H L4l X R HE S R 48, W
S Wt A5 A B A 28 B 1 B SRR T HE R G
SRS, Forh, 7E 0°FRIN A e B 43 551 k7 80.3% (A1)
84.1% (4,). 87.9% (45).

FERI 1 0=20°~60°H1, WL S T —Joie 4 HER &
ST HMR SR T IAE S FRHER RS, X5 S T
TCM SRS HE R G842 7 2T AN S /N T H B v Al
XHRRHER R G, F B R (1) 23 A £T
HMR S FEEOR HBUE Y K By b ORE D, H TSR
JEAY BT AT, RS T eIy WA ) G 8 20 B T I
I TS B Zon e SO AE o (2) X T fb xR e A
LTRSS AE 0=30°B 3 315 B Fie /0, (e s A 0 R g S
R AR ST R EE Ry /T =0.12, T b X BR s w4 )
N 11=0.07, 3X 52 BT 76 O BRI me a8 sk B
WA ARSI K, B 58 2 10 I Re e Ak ok Bhfig, 5 BOLRE
5 SRR T AR

TEFRM A1 a=65°~90° 1, A ST o 3 F 7, WL
S B ZJe I IS A5 KT N AR SR I SR B TR AE A AL
FEAIS T L A O X B, = b HE R R Gy 4
58 JEE TE a=90°If B W 43 31 R 75.7% (4)). T1.1% (4,).
81.9% (43).

(2) b R

14 451 T =FX S ey HES R 485 5
HERRT AR HER R GEAE L BRI 1T P A B B
JEo A o B R RT L 78 5 ERINTE 9, BR T 4, AR
58 4 5R BE AE p=35°~55° R T AL HE B X AR HE L R &
IR ILJE SOW S T8 ool HE R Gz )b Bl i
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14 b RO BRI AR LLA MRS TR L
Fig.14 Comparison of integral infrared radiation intensity on upper and

lower detection plane
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68.8% (43).
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Tab.4 Sensitivity analysis of average integral infrared

radiation intensity

Sensitivity 4
Parameter
Side Upper Lower
(Sg-So)/D 1.61 0.81 3.64
(Wy-Wyg)/D —-0.07 -0.05 —-0.03
6 & it

i SRR, R EILL T S

(D) RS B — ool HE LR S R ECS
FRBE P2 AR L 22 5 58 BT 5K LRI LT

(2) BUS JE Z el HE AR S8 M £L A1 4 5 I 1
UG Z A 22 B/ N T B, B8 RE D K EE B R
17 b b, ELAS rh 2 i S T 22 B BBURR B A e, R 9
P75k L OB AR

(3) WS & el HEU AR G 0 0 i 40 BE 1 i 2
AR AL B 5 S T — Je Wi S HE SR e A 22 1R
R 3 B JC 4 BE 13 R R L AN, T AT Y
TG 5t 40 BE T il BV AR AT FA A2 4 BT

(4) 2 7% B R e N, 5 XS B ook
HERRGEAR, WS I ol R G T I S50
J7 BRI AT 20°~60° #1388 A £ S 5 56 JEE iy T vyl
MHER RS

(5) WA 5K B L BE T -5 ] BE T2 XL S 0T
Wy HE AR G B0 T2 R SR, X X I £ A 2
PEEHE R GLLLAME Y B A Lo ]
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