o2
© Original Paper

DOI: https://doi.org/10.5293/kfma.2025.28.6.057
ISSN' (Print): 2287-9706

Numerical Investigation on the Interaction between Fighter Engine
Variable Exhaust Nozzle Plume and Side Walls of Fighter Aft
Fuselage

Juhyun Kim*/, Jaeho Choi®

Key Words : Supersonic Variable Exhaust Nozzle(Z+5-2 ZFHH 7] = E), Nozzle Plume(:2 & &), Jet-Wall Interaction(*]E- B H
4528, Shock-Boundary Layer Interaction(&Z I F A5 $22E), AE F&E(Jet Impingement)

ABSTRACT

Modern fighter aircrafts adopt variable exhaust nozzles to optimize engine performance across a wide range of flight

conditions. While extensive researches have been conducted on the aerodynamic and acoustic characteristics of variable exhaust

nozzles, limited attention has been given to the flow interactions between supersonic nozzle plumes and adjacent structural

elements such as sidewalls or rear fairings. In this study, a numerical investigation is conducted to analyze the expansion

characteristics of supersonic nozzle plumes and their interaction with surrounding air and solid boundaries. Numerical

investigation is conducted on identifying the influence of sidewall proximity on plume, shock structure, and turbulent mixing.

A grid convergence study is performed to ensure numerical accuracy and grid independence. The results of this study are

expected to provide fundamental insights for the aerodynamic design and integration of rear fuselage components such as tail

booms and fairings in high-performance military aircraft.

1. M E
A A7) AL Tt wjs 2ACIA HHe] 22 A
58 A5t Y8l 7PHul 7| =2 (Variable Exhaust Nozzle;

A Qlek, ZHHE eSS 8
Aol uet == 2 WAy} HAH|(Area Ratio; AR)
—% ]

PN

g
;

2 & ood o

[e)
1 = A= A AR
, F-228} -2 24l 375 AE7|oe ¢
&F A|o](Thrust Vectoring Control; TVC) 7]<&0] Z-&5
7184 E3 aA e ok
7HHE7 |5 0) A 2R stel dste] thefet A
S Eoighet, Alforde} Taylor®= HAu] 2 ¢feju] w2

S

Lo

>~ o

ofl A ZhHE 7| eE ) 7hH YY) A Wl tisl
T} AS WA ATE $HEA E3F, Gamble 5
7R RO w7 e AA AAReE Tho]Eekel
31}, Miller 5% 20|25, g 4% 5 o
7% 8RS HhdRl TP eE A AHEIE £
it

Rizzo 592 =& & ZAo|A AE BAES S5 TVC 7]
52 F-83k= Shock Vector Control(SVC) 7f€& 424
BAslga, stitt”e PR =SS 5] T
o o aeslol & F4f Aol s o a

o
ool orlo oot 1@ 2

o3

o
-

4

2
ol
)

ot o o
e T

20
=

* gislofoj2Ado]| A FFAIYE CTO A (Hanwha Aerospace, Aero Business Group, CTO KR R&D Institute)
o glslof o] 2 Au| o)A SFFALG R AT XA Hanwha Aerospace, Aero Business Group, Advanced Aero Engine Business Unit)

T WAIA A}, E-mail : jh.kimOl@hanwha,com

The KSFM Journal of Fluid Machinery: Vol. 28, No. 6, December 2025, pp.57~86(Received 02 May. 2025; revised 15 Sept. 2025; accepted for publication 25 Sept. 2025)

SRR S| =28: M8, RI6S, pp.57~66, 2025(=28 =L X}: 2025.05.02,

=T LA 2025.09.15, HAHRS LAt 2025.09.25) 57



Hj7] A28 R
ZE(chevron) @Ao] & 27AH
P AFH R Ao,

<
OO

Pilon C“” & Bk

-E—’ﬂﬁb_—’, olF F/A—18E/F°ﬂ 283 AR =

A4 oA LES(Large Eddy Simulation) 2
DDES(Delayed Detached Eddy Simulation)E ©]-&3%t 1174
W sol AT, Lin FOL ol $5-9H ke
Zo| tfal LESE 3319l Martelli 592 343 =7
o9l $% U212 DDESE ol £A4sielch Munday 5
0o pE-S WM 228 #4] 3 ABHoD o
A5l 0m, OlsonT} Lele'®= LESE &-85}0] 143
Zof| 2] v]AAF FA9 f3H(shock—induced) 82| 52
A3 FH8FC} Zebiri %-(19 £ wall-modeled LESE 9|
23} shock—induced 3% 2H]S AFH o2 435} T) |
8HH, Urbanczyk 5202 UCAVY] Hj7] =20 tjal] 95—
72 Q4 AN 9 HHIE s, SAHNY 42
mu} o}zl Papamoschou S#& Z2Z—3hAl 1= 1|9
v 5o AgHoR 2ot

oM TP B A MBS 22 A, wE 1
2o 259 9F B4 @ QL B ol FojAn
fout, M%7 A wF B FA T FREE]

(fairing), Y E(tail boom) 7) 7re] 8% Ars Ao

HIT Q7 CllE] I, 5

g3} 4EAGT 1) Uehbe g us, 43 2,
5 3 B4l tat AAHel £40] g,

olo]l £ AL 284 A7 A Aol hulstel
ARG HEA AH0) 284 TP Z BEY 55
A4S SHHOoR BASIEL, =3 5} 4 H%7] 54
TEE 719 §F ABAG] BE 4F TE W =Z Ay

23}l Grid Convergence Index(GCI)S Z-&
AZS £3Y5hY, =& U2H|(Nozzle Pressure Ratio; NPR)
ARo| U2} 4% WAS] WBFE BAT, 2 47 dus A
A 37 A A ol B Hlel B B4 s 7|2 4
22 98 4 9% AoE slyEr,

58

2. Jhuy|Ee| Ag W HA Hel

= X oo

2.1 FPHEY7 | =B gt

S 71947 (Afterburner)S A= 284 HET|o=
b ge] 9502 A, o g
A oA A dEke gt} KF-219 A
Electrlc)—J F414 A oA 7}Hu)7| = Zo] A2lE] o] o}L

E1 Z Hlo“oﬂix-] 6“/“7(—]0] 021’61—0 _/;\_ ‘é‘j-E}- ﬂX‘JA
O]'O]#(ldle)‘)ﬂ/\ = 32 3| 4o)| 4] A]A] B}A(surge margin)
Shu g Hage] 2R 9] 98 =2 WAL a7
3, BH H31 0 IRP (Intermediate Rated Power) 79|

2218 277 3]

A R Fol W] 45S &
Q2717 AR LAHeIAE IRPO] H]3) A mst o
gelriA 27 f’%o

S7hEER RP ou] =5 WA 5
AR, 57194717 AES i AR
o1 wla 2 2wt §48) YEo] 71 v

2SS o vistel Z7Kstel W EE 5719 £

FHPAHo] Z75ka1 o] Q8] fFo] AR A @
Aol A 4 itk A& 715 Aol FAT #3 wskt

QF7Eo] =20 WE "2 o] Q)

olg} go] A eB e 1w A e A4 ket
W) % WAL WAslel A S HAsiEe RN @
T 2ee PEAE B2 SgAS S8 ek han]
w3 glol $71947] Aol A 4 Bokselch

F—-22 Raptor®] Z2&]= Pratt & Whltney F119 NAIA]
& 7hAuf 7] =Sl 2D = Al
37, &, & AoP7HA] sz REE ek &2 Aol |
6% 7158 RS O Fa-SHE 4] ez

ol

& /Hy;“-g]_oﬂ o HE7 2719 dlzlo] AxE= AR
o stk Fis 12 8 AT e ege]
A7 Ushigich, dale) 2of o solds £2 34
F7IAL717F AL, oloA Zh wi7|lego] YRR =S
o] 7k F&2olA =g H(throat)o] FAH. =F°] 7}

Variable Exhaust Nozzle

Engine Bypass  Nge. ——moTT=sosa

Engine Core

=

Afterburner Nozzle Throat

Fig. 1 Variable exhaust nozzle®

S=ERHDIHEE =28 28R, H6S, 2025



N
N
ogk
>
b
10

2 AFoM AREH 235 B
oA ARFE GE =& A= L
St =5 Ao diRA 255 77 =5 34
olct,

A7) Aol A ] ZHAuE7| =50 A
Fog o]fojA, & AFolA= %EH%‘ %%ao o
7% AR A 9 X4 AR Fig, 20 JERyoTh
ZAX d SAHLT 21407 Hﬂ]go%ou;] e
A2 0] 7|61eH4] Blg& ARE A oRit) 12} &3 (primary
flap)¥}+ 22} Z:(secondary flap), 181l ==& & HAL
ST AR, 2% EYO AR VO ARE S

L3, w2 YR, L, L, )T F BR)S FA A
Y2 2 RS o] AR 2,

3 57 olF FHEL vy SFo] Tl Wz YEAE
She T RS Sl S0 ol ZakE RS T
TollA= Fig, 3ol FEAJE vRe} o] HF7]
Ao} 2SSt A Fig. 2(b)9F ol 13
SH o P4 e F9 X]‘r—‘ Fig. 2¢} Table 19
FEAISHAL. Fig, 29 Area BE HIERE 95 7% AAl= o
& Q7 (pressure inlet) FA 2HSE *47(40}01] QH o

{o
N
N
1o
o,
5=
il

Of

¢

_—YL ot = g
e
FB.H

o] e& &8 P FYEESE 9 ol T FW
7] HOM dolut= f5 W7t & EE ASArest
= AR AlQsta Wit 259 Asgnks A5
At EX*OM S 7| A Fol| A sk -5 vhelet SH

4, 3273 g 59 A8 T dFolM g 9

goltt.

,/ Area B

(a) VEN Geometry

A
Secondary Flap

E i z
4 i y

Section A-A

RO

Lo

Primary Flap

(b) Side Wall Geometry

Fig. 2 Definition of VEN design variables

S=FAHDIASE =28 M283, M6=, 2025

(4)

Fig. 3 F—15 eagle

Table 1 Normalized dimension of VEN and side wall
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Table 2 Grid configurations for grid independence study

Grid Resolution h [m] Total Grid Number
Coarse 0.04 26,608
Medium 0.02 104,449

Fine 0.01 539,428
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