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Abstract

There has been necessity to supplement the fin database to improve the accuracy of low-fidelity aerodynamic
solver for missile configuration. In this study, fin database is expanded by in-house solver, utilized in the triservice
data the previously established into regions beyond means of CFD. Fin alone data of CFD analysis results in the
original region is matched well with triservice data originated from the wind tunnel tests. Extensive fin
aerodynamic data from CFD analysis is added to the existing database of the low-fidelity solver. For confirmation,
aerodynamic characteristics of body-tail and body-canard-tail missile configurations is computed using upgraded
low-fidelity solver at transonic region. The result using improved solver shows good agreements with wind tunnel
test and CFD analysis results, which implies that it becomes more accurate.
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BCT = Complete body-canard-tail configuration

N = Nose part
B = Body alone

C(B) = Wing in the presence of the body
B(C) = Increment for the body due to the presence of

the canard
T(B) = Tail in the presence of the body
B(T) = Increment for the body due to the presence of

the tail

T(C) = Tail in the presence of the canard
T(V) = Tail vortex
B(V) = Body vortex
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Fig. 3. Configurations of aerodynamic fin

Table 1. Specification
Taper Ratio
Aspect Ratio 0.0 0.5 1.0

0.25 FIN #12
0.50 FIN #31 FIN #32 FIN #33
1.00 FIN #42
2.00 FIN #51 FIN #52 FIN #53
4.00 FIN #62
6.00 FIN #71 FIN #72 FIN #73
10.0 FIN #82

ol gk CFD 44 23—8— 91e] 1371] ¥

o
ol ti3l triservice dloJElMo]~ 7 triservice
oA B3 HAEFE FAmet 095, 1.05, 1.2)4
&3} th(Table 2)
Table 2. CFD analysis table
Triservice 0.6, 0.8, 09, 1.2, 1.5, 2.0,
Mach
DB 2.5, 3.0, 3.5, 45
Triservice DB range
CFD Mach
+ 0.4, 0.95, 1.05
AoA 0° ~ 90° (5° sweep)
St Al el 7] <8 2] AlRsH A1E(2022'd 2€9) /47



w

1 CFD a4 7|
% = Eﬂ djo]gH|o] A= CFD sﬂ

7]’%5}‘3}. = Hﬁ"ﬂ’ﬂl& X]HH FAA 02 32 AA
JEl 2] RANS(Reynolds Averaged Navier-Stokes) 744
& AHEE e A (3)3 2tk

—+V « (F,—F,) =0 (3)

o71M Ue BEY freswaHE o, £ WA

&84, Fe 348 S5 dolth

TR 7He 2 Jameson?] 133 A(artificial
viscosity) S E918 S *Hi(central differencing) 7%
S AFESlo dRRER ke SST BES A83)
ek

3.2 AKX & A=A

F5adS 93 AxE 33 Polyhedral ZAAE

Abgstgl o @Ak wah ok 500uHol A 800%H
Arolel AzLg ARg-sETh

Far boundary (Characteristic)

Fin wall (Adiabatic wall)

20C / 50 C

Fig. 4. Computational domain and boundary
conditions

48 / At 87| %283 A Al2sH Al152022 24)

Hl, $rom 7|5 A9 oF s0uf whE "ozl ol
& AFow av vt Fejolth. AW A=
Z(characteristic condition)S T3l ¥ ZFH
W2 A2 A H(non-slip adiabatic wall)ys 283}
Sth met WA AASS AU
S =ol7] a8 25~35 59| Prism layers AF8
Wy XY YU 1Ee] HES AA st

)
2
Q‘L
o [

dol 9712 AASIT Fig 59 Grid 13 Grid 29+
2ol F 7HA 9] s Ax} P dlste] A5t
AFZ v wsR) Grid 1| B Grid 27F &8 2%

W Fues zUd Az 9ol o Yol 3 w7t
=]

=
AN FF GES o Bl T sk

Axial Force Coefficient

1\‘\\

A;qal F.orct; goefﬁcie;"rt |
I,

il Wﬁ@ﬂ ]

I P T O B

fteration lteration
Pitching Moment Coefficient Pitching Moment Coefficient
T T T | T ‘ T | T T T T | T '| T I T
__.1 Cm L e N |Cm
ifled ] E I
— — -
I I I NI NP I S NI T N
lteration fteration

Fig. 5. Grid test — inner boundary



Y 239 deleolx $32 5

o

Fig. 62 Grid 17} Grid 298] &2 EAGE triservice
dlelg o} vlargh 21 oty A whgZte A= a4 A
7F triservice H|o|E1¢}  fFARSL AL WEEZbol A=
triservice H|©|E{¢} CFD 3|4 ZA77} zto]E HITh
AAZE 24k ool wet WEZF 20% oA
AEA 7] Apol7t Wl HARPH o R Zdg ofHol
£ ol Bol Xt Fele] AAlelA triservice
o ¥ g Ads HBelol wet Grid 29 2ol

2 ob o
o o

GIe TPRES e A4E ek Aol
shtba ke
Gridtest 1 (M=06,1.2)
2_5 T T T T
—&— Grid1 (M=0.6) —e—Grid2 (M=0.6) —— Triservice (M=0.6)
- &-Grid1 (M=1.2) - - Grid2 (M=1.2) - - - Triservice (M=1.2)
2 o=
- -,lr—:!""#“*“ﬂ-—‘
15 =
P
&

Cxz
~e

0.5

0 20 40 60 80

a (deg)
Fig. 6. In—house CFD code validation

F WAEE Grid 2 B WRAAE 7= 4
Ztel s xHARe] s AAst] 9180 Fig 7%
o] 5 7HA1 9] Azt sl s S skt Azt
o] 71FaNE 4z Z=9] 0.024)(base), 0.0159)(fine)
= AAskslon Table 30 AxF HEE 7=l
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Grid type Base size No. of cells
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