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Uncertainties In Base Drag Prediction of A Supersonic Missile

H. K. Ahn’, S. K. Hong', B. J. Lee, and C. S. Ahn’

Accurate prediction of a supersonic missile base drag continues to defy even well-rounded CFD codes.
In an effort to address the accuracy and predictability of the base drags, the influence of grid system and
competitive turbulence models on the base drag is analyzed. Characteristics of some turbulence models is
reviewed through incompressible turbulent flow over a flat plate, and performance for the base drag
prediction of several turbulence models such as Baldwin-Lomax(B-L), Spalart-Allmaras(S-A), k-¢, k-0
model is assessed. When compressibility correction is injected into the S~A model, prediction accuracy of
the base drag is enhanced. The NSWC wind tunnel test data are utilized for comparison of CFD and
semi~empirical codes on the accuracy of base drag predictability: they are about equal, but CFD tends to
perform better. It is also found that, as angle of attack of a missile with control fins increases, even the
best CFD analysis tool we have lacks the accuracy needed for the base drag prediction.

Key Words: A3 9 8HCFD), 7] A 8 & (Base Drag), Y52 9 (Turbulence Model)

LM 2 ¢ AT So2 AREs} FEI B

9 4 AN A% w2 YL
Ao Hol NAFHeIh 7 AFY 2 $HEY
S UREL 71T Rolx, FFEAYY RABYL

Hol . ¥
3

3
& =
B3 =

friegel ¥He e A% 2 A 47
g 39 seuges, 2 gagE@Ees 294

g, wave drag), 8 v}#% 3 (skin friction), 28 3 joi;irf ¥ oiq? f%;—;]]i:pi] 11123_‘:32
71482 (base drag)e. 2 FAETH 2} gL Hﬂ_c,-_o]qs gii‘—g:?} :g-ﬁ S HEs] 24 £ 4
& B sElHgt ga Ras dF we ags L0 N T e raeel gom, e
A7F 4R Lt} gHe A FHASE npsido c?]%sﬂ pae ;x]@ oM xR L ogst_j;j
2] v 3iAe] Al hE A Algto 2 X Z XY e ;a:ﬂ_ YEndd B sk 59‘0:_7. o
oTRE WRAY B3 e %%-’}"—9;1-9."}, =N O]T\;—} ° |, T = ©© 6 © w
u}.g]._'_g}- Hols24e Fyonz T AANESFE B i wno e 3 2o A
T mtEA Aol Aee gL 248 4 Qo #A 9 aﬂ—fi‘-‘_oﬂ ;;LboqfoD]tq]‘ia7}x]]%\;};rEﬂ?o‘—]‘ ];H]z‘;}]-]i;
%A]zg eze A IFS FT ANE2TE L = BAE 54 ludel Nsld Az i
Algell &3l 7877 o2 o] Aot ou 773;;@1;.0“0;&;2—:— stol;c»n t?lsﬂ o
SRV 2 dagee gaaz o A4 SO TG0 G5 TR TR A0 )

AEAR B AgdelEst du, dadRAdEe 5

 BYBRATL, H29



48 H1EEY

FLANGARSY
[Za8iy 9 =8 |
2. X|ujat™ Al ol x| 7| ol& AR FAAF WM v£d dF AR
£ AdEE 1Yoy, B-L 242 9y e 9
3 . oM o2 RYEd v5E EXE B Wy y
Audgd e dutstd FH AEAZ Vel 37
Z FYdAMe A= olee d9E red. &

4 437 Navier-Stokes 242 & Abgstgnt. 37+
e FAAEH HEHYoH, ARAEL WA
A AZAR siHezAM 13 A¥xe  Euler
Backward 7|¥3, #HFFzxY deIdE 9
AF-ADI 7|} & A3t £& Fzto g A4
ALHE AgsER FX3 dF4S 98
Jameson-style! 913 A& AHL3s Y

3. HFed

W 59L& Baldwin-Lomax(0]%¥ B-L 29), k-
€, k-0, 2812 Spalart-Allmaras(¢) % S-A 2d) &2
2& 83T 28% /5L 44 adE 19
ste] M ET k-e k-0 2dle k HAA
Sarkare] ¢&4 2d’2 ndsgn, S-A Edo=
Spalart-Secundov®] #¥%*g &3l B-L =9
< ¥EAH AL A @i

4. 3 FZ2Ao vl v A[KY HEHRS

08l

24 FF5S VAR gy dFEdY 4
v g fa) 2493 &7t &A= P& 4o vgH
4 BREAE HMstgt $523L vEg 02
49 147 psia, 2% 530°R o|t}. A4t AR, AgA 7
9 FARE Ref 694 7& 5 9, #Hge] Holk
16.7 feet ©)98 A4t 49L& Fig. 13 2o}

ANZATRE Fig. 2 Jello. Aidz g5

RES AY(k-¢, k-0 Bd)slnes n2d GFE
dE9 nfEAs G2 S APRT v dE B
4 ¢ Atk FLE vlRAATE local ReE et
3l ANE = 9le AL Fig. 20 4 AA st

o] glo] Ao thF UAEL AAFAMY %A
AAFE AHEsle dREd] 458 vmstgt 3
A NAEE A WA AR y'E 1,510,309 ¥ F
o AA o8 Mot AN dn nHd GF
RdEe b3 HEgxo gUnlAA4LE 28
th o, k-0 2de A A ¢ A EAHS
=R h= 0

4HFAEE EAAE 43HAs AN 3%
B-L 298 A3 A7A dinde Adge A

—_—

A7 k- B3 S-A Rdo] UF AA = 713
g et AvE 5o, AN FAL 2 5
HAE uEsld S-A E o] engineering AAQFH

de o Ay Aoz ygdch

5. Slender Body2| 7|5 & o=

5.1 wz2to] 00 A%

NSWC(Naval Surface Warfare Center)e] Z %A
Y 2y dg 7HFHE BEePT TEEYPL
ZAo]7} 10, 26 inchgl tangent ogivest A Ao
o &7 o] Sinchelt}. AAl= Fig. 35 o) O-typed]
1-block AAA1%} H-typed) 2-block AR A S &) &}
Atk

Fig. 39 ¥ A& A B-L, S-A, 22lx k-e9] A
7tA GHRAE o838t usls 2, 3, 4, EzZHE
0°c]5}, Re: BF 21071t 27X 204 $+5%
& A

Fig. 4o Aol @& 7|AF59 #3E et
t}. Fig. 4 a)£ vl8l4: 2, k-¢ 2EL AL L5 A o
i, b)e vtEs 3, B-L YHEES AHE8 Aot
1-block® 2-block ZAte) i3} 7|A#FEF9 § o}s}
F 27t &S 98 4 o

71AEE AEFAH(E NSWCY 4d2 79} Lamb
9] correlation® 2 AP98°e) A9} v A3 Fig. 59
el Sldl. Fig. 5 a), bl 22 1-block, 2-block 2
Zte] i Aot} ZARF M JZHYE
o] B-L# k-¢ 4RE29L AAA mg 74
d&437F & Ag & 5 9} wdEd S-A 34
& AR 4L A WRE gouy, ¢4 BA
F5o we e A g3y &4 A"
S-A 2d& A4% CFD 2dE HEH2¥AE gA
o A Y 24 AHE 2oy, vtafr) &
ZVEFE AFFd o e AL & = Yok

AP982 ¥l H¥z wwoz AP 7oz
dloz Agdged 714 288 38 A4&3h Lamb
Correlation® 9FA+H A e dist 23
2gstd TE BANoE e FAed disA
A w3 d9E AT

it o



FRAEATHS

1 EEY 49

2 w32Zlo] A= T

52.1 =254 (Control fin)7t tl= =

Azt9 Agg ZA ¥A e, 4FH EFE
(C-C) S-A ¢HEEE o] &3l & 37o) np& 714
FHE 239} 1-bolck ZBAAIE AlLstHon,
n}slg 2, 4014 H&2E 5, 1008 Mg ¢4
0°9 A= oA 78 S AHRE o] L&A

Z2FEM7 fe LAolE+AdAUY FAgd U
NSWCe| ¥35A18d 2749 CFD A Z#E Fig. 6l
eI wtske 2, #5009 A$E o E 24
of vlg] Aoz & LAE Bt 2EENT QL
o, g3zte] & A AAY P dis 4EA
BAE S-A FHEEE 0|83 CFDY &% 71H
48 dEFAAe A W 2Hn LS &
4 o

522 =EUYII A= zg-,-

o oM B AF go] 2FEAI e AS
CFDE 7|A4¢%9 283 d4< & 238 5 9+
Aog Ho Atk a3y giRriy fE=E Fxd
2 g B4 ool 22LANE L&A €
iy RAAE B Ao A S
AA 7] G AP FEFL 2FTLAY
e, Hgdn 23R WAGe] BE (°
NAFEL 23R B A wA &
2 AZHEAR, O 99 B 2F LN 9
FeS ¥ss 1, s ZAFEE A3} d

=
ﬁfy o

2,

PUUEN)
o 4

N

£ % o 2 R fr L Lo
’ o
o

&4 BAE S-A GRELL o|g3e] 2FY
A7 RAg FH dig JARES s
Fig. 7& "ol Jeld 5 vlsls B¥X2 84
248 npatg 2, WAz 0°, w37 5°, WY 500
ot weZta G HY g oz 99 ofefelA
T SRt v R R FAHH UYEE B F
Ak,

Fig. 8ol W=z w37, 7] ¥9Z4S ¥3lAA
AAE 71788 A3 a7 2AFE API8e A
o} Hlwdo ehidY 2ESAV fle o
g3 2FIAe Y= A wsd #5%F & CFD
= & x&8A Bl Ao g 5ot CFDE o
H 717 %gg e A@go] ek AP98S) A% 2 A
olF Holu & & & Uth oI A:s B
Zra 2 A9l g8 FAHE RAT 2565 F =

— Fees 2 22 \0

B AR f%5& CFDE AF3 Ad5377 olgo

A& BAZ

eRIAE 284 FES NG A3 B
HEEA fEANA o 7R
AR5 A

2 /A E AZe) L F= .S.L_Qi 7t YEn
9y AF, dREde 4EAH a9RA, a2gx 731}
Tl ©E d=Aag A Est EMEH
bFEdo| AxTAo e} thE ARE 45 sﬂoni
A& & BAC] NAFY oFd IS F=
R FAsAT 2E YN e FEE A9 V)
gL &g BAY S-A YFERUo] Y Ay
ol A A9 g Btk e 2EdEle] W
2 g Zte) o wFdE 71AF 457 ML o}
2 A g rolx gt

HEnzs

{11 Jameson, A., Schmidt, W. and Turkel, E.,
"Numerical Simulation of the Euler Equations by
Finite Volume Methods Using Runge-Kutta
Time Stepping Schemes,” AIAA 1981-1259.

[2] Sarkar, S., Erlebacher, G., Hussaini, M. Y., and
Kreiss, H. O., "The Analysis and Modeling of
Dilatational Terms in Compressible Turbulence,”
NASA Contract No. NAS1-18605.

[3] Forsythe, ].R., Hoffmann, K.A. and Squires,
K.D., "DES with Compressibility Corrections
Applied to a Supersonic Axisymmetric Base
Flow,” AIAA-02-0586.

[4] Spalart, P. R., "Trends in
Treatments,” AIAA-00-2306.

[5] Wieghardt, K. and Tillman, W. "On the
Turbulent Friction Layer for Rising Pressure”,
NACA TM-1314, 1951.

[6] www.grc.nasa.gov/WWW/wind/valid/fpturb/fpt-
urb.html.

[7] White, F. M., Viscous Fluid Flow, 1st Edition,
1974, McGraw-Hill, pp498.

[8] Lamb, ]J. P. and Oberkampf, W.L., "Review and

Turbulence



50 41 E8EY

GRS L ER

EEREEE ] _1

Development of Base Pressure and Base Heating
Correlations in Supersonic Flow,” Journal of
Spacecraft and Rockets, Vol.32, No.1, 1995.

[9] Moore, F. G., Mclnville, R. M., and Hymer, T,
“The 1998 Version of the SWCDD
Aeroprediction Code: Part II- Program User's
Guide and Source Code Listing,”
NSWCDD/TR-98/73, 1998

Compu tafional Domain

M_=0.20
Uniform Flow
——
————
D ——

—_—

Developing Boundary Layer

o

Slip Wall =x No-Siip Wali

Fig.l 3855 A499 2 AAy"=D

0.006 : :
Baldwin-Lomax
------ k€
e k-
0.005 ko
Y— exp
(6] Ref. 7, pp498
0.004
M
U
1
t
0.003}
!: oy
b
0002~ ~"3E+06  4E+06_ BE+06 BE06  1E+07

Rex

Fig. 2 H9#% AMds gHud A

1 Block, 93 x 101

T

i : 1 " N
0 0 10 20 30 40 50 &0

70

b) vtal 3, Baldwin-Lomax Y H 24
Fig. 4 A& & 7|A#% H3




#ERAgATEY M1 UEY 51
L Setsis U 2R
03 —
I ! Correlation, Ref. 8
I u WIT
0.25: BL
b N ———— S-Awithout CC
0.2f - S-A with CC
o) [, o N |77 k-e
So.15—s - - ©-~. APS8
L L R | i
01f f NSNS ‘)
E ) &
F |
0.05 ‘ —t | ==
‘ ]
| | ;
0 2 I 4 5
a) 1-block results ac
03 1 — Fig. 7 %37 9 23374 g /AR f5¥sh
[ i orrelation, Ref. -
0.25} . oW vhebg 2, WA 0°, ¢57 5%, MG 5
¢ : e B-L
r \ ———v—— S-Awithout CC
0.2 ; + S-Awith CC 0.5
o F \ ——a— M=2.0,0=0,5=0 (AP98)
3015 S ——a— M=2.0,0=45,5=5 (AP98)
: - n M=2.0,0=0,5=0 (CFD)
b 0.4 a M=2.0,0=45,5=5 (CFD)
0.1
2 [
== ©03

0.05}

0

2
b) 2-biock results

3
Mach

Fig. 5 2xte| B+ A9 7| AgE: wezt o°

0.3

0.25

e

0.2

Cxb

"

2f R :
4 A/A/A:A—— Mach=2 (W/T) |
0.15 : -

A Mach=2 (CFD)
——8—— Mach=4 (W/T}
= Mach=4 (CFD)

0.1

0.05

y ! i L

6 10
Angle of attack

12

Fig. 6 270l B+4dr o] W37 e 74T

Fig. 8 252 ¢

L

10 15
Angle of attack

- CESEL T
J\A%E % APIST CFD Wl



