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Characteristics of Flow Field and IR of Double Serpentine Nozzle Plume
for Varying Cross Sectional Areas and Flight Conditions in UCAV
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ABSTRACT

The development of modern warfare detection technology is increasingly threatening the
survivability of aircraft. Among them, IR-seeking missiles greatly affect the survivability of
aircraft and are a main factor that reduces the success rate of aircraft missions. In order to
increase aircraft survivability, studies on shape-modifying nozzles with added curvature are
being actively conducted. In this study, we selected a double serpentine nozzle among
shape-modifying nozzles to increase aircraft survivability. We then investigated the effects of
the location of the maximum area change rate of the nozzle. It was confirmed that the location
of the change rate of area affects the thrust and exit temperature of the nozzle. In addition, it
was shown that the thrust penalty was reduced as the position of the change rate of the
maximum area was located at the rear of the nozzle.
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Fig. 1. Dominant IR sources of UCAV

TWANAE w77t EF IR A&
2 e A AF7F A EHIL ATt Chae et al.2
w717k g Ee] Wt wWE EF IR 459
Hal S B3 Oq:rle sl o, wjr| 7tz 5t
S E BE R AE 9F 3 ddgd 2= A
o W& IR AT LZ:: FIFAHE FJAAT12]. Lee
et al-& &2 &7 Aspect Ratio®] ®s}e] wE Hj
7172 20 s SAS M 2 APFe

2 ATsgon, ARF 3Pl mek wolks E

54 3 A

o 277} TATL FAFATI. T wzo
4 Wgol we Wk B9 AREY Sl

gk A g ALY AFE IAAEATH14]. An
et al.& Single Serpentine =& 4o WE IR A&
2 Lock-on Rangeoll #3F AFE P35t ARG =
Z9] Curvature’} S71gel we} IR Radiance’} %
28-S A A TH15]. Lee et al.> UCAVE AdlF
Aol gt Lock-on Range 3 A& dig A
75 THsAtH16].
ol w77} EF R
2771 A% B E"‘i ‘iaoﬂ w3 AT
8 MPH I At AR R =F A
<7 Aspect Ratio, Shield Ratio, %
£ T ] w3 A7 JFHAL JAAN, =29
= g A= HHIgE o)t
2 dTFdAEs wizI7ks EFA TSk =
Z9 IR A5 E Zo|7] 93 4 Ay 5o &
8geach F4 WY =59 IR A3 &
2 FEE vladtr] 98t IR A7 71E0] A&
spect Ratio”} 2 &%
A3+t Double
AAst] =59 H©

Double Serpentine

=
=
Straight =&< ¥l
Serpentine =&2] F

A s AA HeE AdAsy

Nlﬂl\'ﬂlgp

&5 AAEE Y. AAE &5l diste] ALt #
A He B3t =F9 d/5H EAH4S ENsn
2} @oh B= ﬂmoﬂ BE IR AEE Flstr] 913

£ Fxstq 1=7 W

JSSG-2007A IR =4 S T%=
91ztel W IR 4l

2.1 2t=M Navier-Stokes—Fourier 2 4|

Ashr] 91 H4E ZEo Auiw
A4 2 HJA aRE xFste 3 ¢
Reynolds-Averaged Navier-Stokes (RANS) 7
ol gatdtt AF W v BE WAL o
Zo] xdHE.

rlo
o
do > i oxt

oo ox 1>

sz

STV (pv) =V - J 1

~



H 49 # X 8 =, 2021. 8. Double Serpentine =%¢ WA Hlg = Wl g - 691
9 2.2.2 RadthermIR€ o| &%+ Solid IR Al &t
— () +V - () +Vp=V - (r47) b) N
=2 ZEHolA WAEE 1A IR AZE A4ksH]
pE R, A HUER WA, nE R B2 ”ﬁ#?iﬁ?ﬁfﬁ&%jAiuﬁ??%iﬁﬁdT§
W Ux BE gl ey go] myy MRE &2 e sorEs= aEors s
QRS A S A dee 2 wHo] o3 R 1SS Adsdt 9454 A
' X ARE 5 H wZo W L5E Iyt &
D)4y - ) =V - (kv TIes, (@) FE RE EW SRSl wdol WAEE Bgst
/ Solid IR A& & A4ttt
ke GAEE, ke UR ddd 9o dA=E, S, .
£ 24 94T o #7174 o] BEE F¢ U M:/;%W @)
th 3stgo] A sHake Schmidt 42(S¢, = p,/pD) .
_ - - ety
A% Ficke] MHE ALE3) M, =
9’]’ s I'1c ‘/] ]ﬁ }‘o 93\14 A /\5[6Xp(02/)\T)71] (8)
J, =—(pD, ,,ﬁ%)vx—z)ﬂ VTT 4) C, =3.742x 10" W/ em?, Cy = 14,388 um K
t

AL 48 AZE o] Ansys Fluents ©]
gtk 28 79 2 A4 JMeE Y R
Density Based Solver, Implicit Temporal Integration,
Finite Volume Method (FVM)< AR&3IA T 3|4 9
AeE dF BUe w23 f564 Ao} )
¥ k-¢ Realizable 222 o] &3} TH17].

22 MM M5 M T
2.2.1 Narrow-band Model& o|&% Z& IR 34
B Ao w717t EFolA LAshe o
Ao A5 E A4zl 98] Narrow-band Model<
o] &3} A tH12].
i) =iy e
ra (D)
[ i 9)expl ey (1) =y ()i, (1)
0
’A : Spectral Radiance

©)
w : Bounding Wall Condition

i,y : Planck Blackbody Radiance

1
Ky = /aA(l*)dl* : Optical Thickness
0

Wake] ztole] thgk #t Spectral Radiance:®
2]& Solid Angle woll tisle zEstd 7& 5 gl
ov, o T spAe] FEASFE AHget] HoF

& gk,

_ L
4

MO EROIROFVAD
: Incident-Mean &A1
0,0 = [ iy Day (/i 0)

A%

iy (1) dw

(©)

: Planck-Mean

Intensity ( 1W/sr) = Radiance( W/m?sr)
x Pixel Size(m?) x Number of P ixel

—
\O
~

Jlm
ozi

A (e g dde] Aue F 54 94 o

=
9 Total IR RadianceE 9Jv|gth M & oE &
F EA 2Ee ofnisie, A (8)F} ol ALE

ATE A (8)Y e 1A FHO WANE, Ae= IFH9
AdolE yepith A4HE Total Radiance T
Ao o Radiance #ktol”] wl&o| A oA
WALE = IR AEE A4S A8l 2 (9)F ARS8t
o] Intensity® WA T 2 (7)3% 8)= T3t A
4FE IR Radiance #< A =719} A NFE F
ste] Total IntensityE AF&3FA T

2.3 CFD =

oé_n_Ezl- st/HO Q—]éj} @%— 2EZESoQl Ansys

i rul

ac A3

N

840}0313}[1418] 3 *‘64011 AREE AR AMT
AL2] Olympus HP Engine©|T. #Hto| 51.7 Ibfe] 59
= BN F e, 9r|7tx Hg 2% 1,023 K
FIE BAE F o

Olympus HP Engines S2AIA EAst= i 7]7t
29 25 FHE A3t CFD 2= A
Hlwstdoh w77t~ e =& F7438t7] 918 Fig.
29} Zo] AXOZEE 03 m, 0.9 m Eo]X Panel
o 2% =4 AXE HAA F 7 cmd HEE FRA
SIEE HAAA AXE 25E SAAY. 4¥ &
el AXe 331 Ibfe] FHo] WASE=F 100,622
RPMOo. 2 7h53tgon, w77k =71 823 K&
FASIEE 3t

CFD&F A3 da3ks
ALSE AL Hol:= AL

Fig. 39l vlw 3l &,
A = I =5 ET

A Hit &9 Tﬁ—% Hwstd S 49 CFDE
A3 =& T FHT 2EE 84478 K2 AFH
25%2] zelE UelHon, 82 319 IbfZ 3.3%2
zto] 7} WAy 3 A Tk



692 ol - ol XY - AFW - HxA SRS RFEIX]|
P B
SN~ b A
a
%703 om Pitot Tube ‘ ! 1
e i i
i i
7 o
i i
Y Thermo—couE_Ife_ — H i i
: : 1 1
i 1 i i i
b H _: 1 1 1
X Ir;rw T \ Lo L L2 Ls

Fig. 2. Temperature measurement method

CFD Result
Experiment

X=0.9m

X=0.3m
800~

01 02 03

800

600

Temperature [K]
Temperature [K]

400 -

03 02 01 01 02

0.3m  (b) X location : 0.9m

Fig. 3. Comparison of CFD simulation and
experiment results

[ 03 -0.3 -0.2 -0.1 0
Y [m] ¥ [m]

(a) X location :

H
i
0
0

s A M A

w
ne
=i
ot
0
=Io|=|
=
o
d

gt =F o 4

Hwskr] 9 A9 =7

AAEAT. Az AATH
5D;?! Coned F4
R A 85 Aot 3.5D;
E AA HFE AT
itk Fig. 4=
1-3 Double Serpentine &2 Center Curve®
Wk Lok Lee 259 5 &t 9 HAsE
2 F3olnh sfd A4 FIEeA o] WAL Wstet
A ¥EF 33t L1i# Ly Double Serpentine =%

2

o]-g fol
— 2
L)

ml

g

i

o
N
i ) il f

4 e
>

=
2=,

XN
S
flo ot

[z oo 2 5
lo i1

I

g

o

NN R
N b
— O

r
X
o

at
e
i

)

¢l Straight
Double Serpentine =

&, A
-

N 4
¢ o

N
L

| =
o] HE FEolH, Lidt Lo HE&L 2 of 30= 44
st om, wEe dol= 35 DiE ARSI =T
Aspect Ratiox= Straight =53 Double Serpentine =
2 w% FZ3) Bzo] HZ Holsgon, 1 e 5
2 AR TH10]. ARle] 12H 7t £JF-2] IR Seeker
2RE A4 #FHA GEF e S IR 2220
Al olF &3} o]t}8]. Shield Ratiors ANF ] 12
£ AHsks HlEe vt B dFolA= Shield
=2 063,

A=

Ratio”} Type 1-3 Double Serpentine
Cone#} Straight 08 Zr== AAstY T

=0
=

Fig. 4. Design of center curve

Figure 5(a)¥ Straight =53 Double Serpentine
=ZF Type 1-39] Li-LelAel AA#MSE Yttt
BE wZe WAME} wx g4 Fue BEE
ZEE5 Sklth Fig 5b)e 4 WA FEEe] AT
el HAWsES UERAT Straight =59 ¢
Type 29t L3 HAHEsES Z=s A5
Double Serpentine =<9 7-¢ o WAWMI}&ES
AA W E AASROH, Type 12 =5 34 2
°]9] 75%, Type 2+ 62.5%, Type 32 50%°] <3}

O

125

[ — Type1
———— Type2
—w—n=— Type 3
100 - ——
9 SINT
5 SN
) v\\ \.
< NN
v 75 EUNERN
AN N
< NN
= NN
[ \ .
| OO
< AN
NN
50 - "M
25 0 0.25 0.5 0.75 1
X/L
(a) Nozzle area distribution
}
R — Type1
———— Type2
05— Type 3
=
© 0]
® -
< SO
- L NSNS "
2 08 NN\ /‘/
= NN N Vi
® 1 NN ;7
E= AN / /
S NN ;o7
5 -15F LN ;o7
E NN N S
a NNV / /
s °r SNA_ s
< .’
2.5
3
0 0.25 0.5 0.75 1
XIL
(b) Nozzle area differential
Fig. 5. Characteristics of nozzle area function



M 49 # X 8 Z, 2021. 8.

Double Serpentine =59 @43 Hlgzy wsje] g - 693

=% stk Figs. 4, 59F #Zo] AAE Straight,
Double Serpentine =&° ¥74<& Fig. 6° WYEL
t}. Fig. 69 9% Id2 74 =Z&9| Side Views 4
B, $= 182 Top ViewE Uepdth AL
A AWt AAE Yty Ao w77k
g vpolaf s FE5E +X WFoR FAJY =& <4
fre7 el AHgE A& PW-615F ElEIH <zl
o2 1289 ¥& Hlolujx HIE zty Qo uloly)
2 F718F AR A A= w77k EdE H
ste] Fig. 73 & Lobed Mixerg 5% =& =
7 At S FAsHUTE Lobed Mixere]
o A2 085D;, Ha AFL 057D= AFsAT

z Y

T

—— e —
(a) Cone

\

]

(b) Straight

(e) Type 3
Location of maximum
""""""" area rate of change

Fig. 6. Nozzle geometry

z v

N4

Fig. 7. Geometry of lobed mixer

Nozzle Bypass
(Mass flow inlet)

Nozzle Core
(Mass flow inlet)

Fig. 8. Computational grid system and boundary
conditions

32 4x & A=A

Figure 8& 4#% si4de A% AAE vehit.
Polyhedral A7} W21& o] &3t oF 2509 7He| A
2= FAasHT. w77k &% 99< Body of
Influence® AAsIe] AzRle] WAL ZJMA AT
AdH5H 4 =AL Table 19 UYEAAT. =&

Table 1. Boundary conditions

Ground (0 ft)
Pressure [Pa] 101352.58
Temperature [K] 288.15
Mach 0.0
Pressure [Pa] 146,375
Temperature [K] 811.8
Mass Flow Rate [kg/s] 53

Free Stream
(Pressure Outlet)

Nozzle Core
(Mass Flow Inlet)

Nozzle Bypass Pressure [Pal 150,305
Temperature [K] 334.3
(Mass Flow Inlet) - Flow Rt kgs] 52
Wall No-slip, Adiabatic
Cruise (20,000 ft)

Free Stream Pressure [Pal 46,563.26
(Pressure Temperature [K] 248.56
Far-Field) Mach 0.7

Pressure [Pal 88,625.21

Nozzle Core Temperature [K] 798.04

(Mass Flow Inlet)

Mass Flow Rate [kg/s] 347

Nozzle Bypass Pressure [Pa] 94,602.96
Temperature [K] 321.31
(Mass Flow Inlet) e ow Rate ka's 1051
Wall No-slip, Adiabatic
High Altitude (45,000 ft)

Free Stream Pressure [Pal 14,816.83
(Pressure Temperature [K] 216.65
Far-Field) Mach 05

Pressure [Pal 28,709.77

Nozzle Core Temperature [K] 804.87

Mass Flow Inlet
( ) Mass Flow Rate [kg/s] 1.11

Nozzle B Pressure [Pal 27.461.82

0zzle bypass Temperature [K] 27754

Mass Flow Inlet -

( ) Mass Flow Rate [kg/s] 3.16
Wall No-slip, Adiabatic
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Fig. 13. IR radiance at cruise condition

Table 2. IR radiance at cruise condition

Angle[°] | Straight | Type 1 | Type 2 | Type 3
150 81.27 51.36 45.75 44.67
160 75.66 59.40 52.16 50.05
170 90.89 53.87 47.39 4576
180 97.27 13.55 12.02 1.1

(a) Azimuth Angle Radiance [%]

Angle[°] | Straight | Type 1 Type 2 | Type 3

-5 89.34 19.47 17.00 15.73
97.35 13.56 12.03 11.72
89.34 12.18 11.36 11.14

(b) Elevation Angle Radiance [%]
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