SRHAISATE)

@ 76 H 1 HEY
o198t ]

HPH 54 59

=4 a3

Prediction of the Aerodynamic Characteristics of an Airship Hull
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The incompressible Reynolds-averaged Navier-Stokes equations are solved to predict the

aerodynamic characteristics of an airship hull.

The concept of pseudo-compressibility is

employed to couple the pressure field with the velocity field. The upwind differencing

method for spatial discretization and a line relaxation scheme for time integration are
used. The flowfield around the low drag airship hull of fineness ratio 4 is solved for
two Reynolds numbers with a wide range of angle of attack. The effect of Reynolds

number and transition position is briefly examined together with the change in
aerodynamic coefficients due to a gondola attached to the hull, and the results will be
used as basic data for the design of a low drag airship hull.

1. A&

1900 ) ZRbRE #3dd Lol Alzso
& AF FHOZA Tt E KBeld v
ME o|F 2z AAYA REI 1960Q@) TS
A9 st %azm AT AMge] NEd Aol
Arhill =8y 28 3% F7] AT @

Zol B4 3 4% 5¢ 387 S A
2A v f8Aol HIol FEEn gle
o, $Puel i 2y 43 HAAY )
ol #AHn Ahl2] B2 AT AL ol
@ oulgy shLe 4AE 2A9F Fa ARt 5
o gleny AAF FFe Aol 7Y FY 44
A oA B 2k F9 stk 2Y I
£ vleh Zo) wlgH AL 1900d o]F ¥
e EHoR AEHgen, o]z U Y
A Y A BE =79 Ao} HPMH 2
Ao} 2 S0 g AAHA xge FEol
g7l wstel ¥ oz vlFF Aeold
Hlgde dA FY F A9 50% oldel ¥
Aol g RelH(3], et FA F H230)
;qzqﬁc} HA MAL 9ol HE Ao 1*40:13}
o oin 2 dvede AXNE 4§
& AA gM bA HgH A 3 54

mlo o

At
¥ 52

il

) #3GFSFATL T84
(305-333 . HHAl FAT o
Tel : 042-860-2313)

flo Oll‘

dhetslnz} s ol
2 AAZ dolst e &
Separatxon)ﬂ 238 2343 %% 4% JEHY
T Qe od dE T 549 dZel 47
2tk olfd BT {E5AL ol#fzty] %
AEAHMA4-7] EL HAFH[B8-10] A=E 98
Aol Fou, F2 E e &bl g A2
T KT P doo LIS ¥ Y £
Pl wgZE WA s FE EAS
s 238 HlPMd gile
711 920u1cﬂoﬂ °l°ﬂ gt Ad3y A3t

FiE Ho) QIth11] B dAFAe At
420 A Aol distd ugEFA IdF FTH
iAo o) WFZho] wWE FY HAo WIS
) Z3t12 g en), 3] Reynoldsy = Ho
H WA 2 Fgd FHItuzA ol
EA Fad Tt g FH 549 tﬂﬁ}
g dZsgded, o83 A4 23 ARG §
A P dAY NE (BE ALE FHojrh

2. 34 718

Mg WY SRS e B A%
Bolw, 53 Ay AT wPo
B Sxe A4 amdlAsl A 5o ol
gt @A wPd T &

o] £eThn ¥ & gon, ofF we W

F
i

y e

)



ST ISR lIﬂ 1 2HEY 771 @
(&
7ol BAY dF F& d9edA 454 At 3 94 AZH(Pseudo-Time)d) ¢ ol et 3
B 5 Qout AAHQ T G4 AE o o s av, A 459 HA AdE A
2 vmgcty B 4 ok, dwF oz g} 3 §""le Aax A "o
%4 Navier-Stokes A4 & F& 22 454
%@4%-%5-&% Wal Uz MALL FA 99 ma gn
o2 AVl AN A UE 4 AY &%
HAa e, J‘” WA A A AL 99 2 ()& A AZE o) didle FHEE ] o
oA WAt ABE P £YY B2 BAS W 4, 27 BEl g AvE FHz Foix:
@ srhe Aol A wAN & AFAM g prls gemeeler wu. wadue
= A ,_] T AT ANE Ad g Roesl  FDS(Flux Difference
Reynolds ¥ (Reynolds-Averaged) ISt Splitting) 712 SIA} 4E2AS AFE S uHE A
Navier-Stokes 449 a2 T3t} o A %Es}o:] Argstaon Laill6lh Aok
N . 3 WS ALL3 2} oA+ F7 AET D
21 rlsi5al Navier-Stokes A2 A TAR AR RGP
M54 Navier-Stokes W44 spge o U BHRE RE IY Avde Agadgon,
2ol WaE o9 £E9 Wl dAAAF-p BATA FA AAY Tr%_ 1?5*317}’ Sl*‘& R
of wet SIMPLE ¢tuel#(12102 gasy ¢ © 3HE F4E A% %3 ZAHThin Layer
2 7]% 7] (Density-Based Method)s} ©]A} ¢f  Approximation) 7hd e =9 glo] & &% Z_}
%4 (Pseudo-Compressibility) 7Hd[13]¢ Abgs EHA3AAT. A 232 4% A 45 5
¥4l 715 71 Density-Based Method)o.5 1 8 7IW(Method of Characteristics)& 185t

T Ak B dpdAi ¥ 7E L&A
°-‘6_-ZJ MM G rdi HE% oo 8
o] Hojwt oA} g4 P AMgEle WY
“d Navier-Stokes WA 4% 84 s Hc}.

AL FEA HEL AHE S Reynolds B# H]
%4 Navier-Stokes WA 42 ohg-3 7Zo W
B He2 Jebd + 9ok

it

-P)~ o_):'_,21

gr 9" =— Rt 3 ()
where
)/
o 3
w
R =—2z(B- E)+-5-(F- F.)
+-55(C~ C.)
g"! :i"’;(l 59" —29"+05 9" ")
L, = diag[0,1,1, 1]

9 A9 fE B4 2 2 ol WF MY F:
w3 (1419 AAE Fold Qeonz or4 o
2 yehiiAe gt A (el ZdH Az
o = ¢ §"lw yedan Az dhe

@e AHE WS P o ope
we A Hnb

=3

213 98 momentum 34 2 €]

agstgen,
022, ghe ¥y ¥wel 5

SRR Y

r
O

&

2.3 Nz I

£ % R ud g3 rsst 2uw

A M2 YAF AlzE ol diE dubEel Aoz
Hga HE ]‘?3".‘ Al g3t 283 A7t p+l
o dg HE L& F Uk AuE g4y
HE L & d (Implicit Scheme)& AFE3F0 24
AL A Adrg ZA d 5 len, ol it
Al g Aoz Yetld o&d g

[I/r +(%_1/_i\’)"+lm](Qn+xm+1 QL™

7 @)
=_( 2\3”+1'm+ §n+1,m)
where
11 1.5 1 1.5
I”_dlag[dr’dr+ t‘dr+ t]



78 M 1 EEY

SERARNEa

IEEEES |

A (28 3E FAH o2 vy AAe F
= n 99 2B Mol wase, wot
S®o AMgH 3a F3 =
A&3tA Jacobiang AAteeE
43 (Quadratic Convergence)& 7
i} ole PE w2 o] 24 e
Ay A 270y e A He
2 @ ¥ A ARG Al 71Y
8= gt welA Jacobiand] AlAtel =
fA AL 14 HE=E ZEE 3z P4
g Axte] £33l dgvtE FHauh  o]lFEA
gozH 2299 A4 570, 3xkde A A9
zbats ZhA =Hw, o]# 3k ZAMA wRlo] FDS
71N A A" S £EAHY HIE ZA
%d{17]

Jacobian Al4tel loiA $-wide ZALA S F
oz Yy MeE 57 S TR £4
o, o33 g WA HE AFHA U
o2 FIE A 92 oA vggHojt. uw
g ZAE 7] T¢je] "Hasdie 7hF ®ol
AgEE A 9 3yt o] ¢HRelaxation) 719
ot} oAb ¢E 4 (Pseudo-Compressibility) 7§
HE AHE3 H|bEA Navier-Stokes WA €]
Ao oM & EEAHE B o JEe
2 P-SGS(Point Symmetric Gauss-Seidel)[14]
2 Line SGS[15] 71¥ %ol slow, o7|Ax=
Line SGS 714 & Al&3tarh

g

_,
=

24 4F 29

Reynolds T Navier-Stokes %32 9] &4
S M dFRE Rddo] Hadn, £ 4
TFoll M= k- e 2z R gashg
Baldwind-Barth[18] 2dg AL-8-31 A o}
Baldwin-Barth 2 @& th& 2o Fojzl #Hy
B ourg o) siMe] o] *F HS(vR)E TF

sta, ol ojgstd WF -4 (turbulent
viscosity)& Tt}
LY R

R 020
+ (Cesz - Cel) VEP
A (39 zZ+ Foll dg AT dPe FaEd

[6o] Fold Qom, Wi WAL g BA4
o ola) Fao

vi=c,(vR)D\D,

4] (3)2 Navier-Stokes WA A3} Eglsdle] 34
oy, BU3t T A AEE 2 AA 2

A AF Jde Agads. AAZ HolHg
AR dAAE A @) $ue A4

(Production Term)$! PZ 023 Fojx 1L}
714 Held AFANE v I AAE O
o8 Fu

3. A% 4%

279 Reynoldsg-¢l whste] Wgzh& wshA
A ZAAA FA9 TY EAL J9F3dd. 4
o] 50m? ®]g@Ao] 1= 3kmelA 30m/secZ H]
#3 we Aol 2mgl 1/25 £4 2¥L F&
0m/secE FFAYE & W 2L AHIHL
o o] A% Zo] 7% ReynoldsF+ Z+zd 8.054
x10" 2 4108x10°] ©d. % 2
Reynolds7} 423 222 A {532 ¢
4902 7HAdAoY, TEANE 219 AS
= 23 A Nose)o2HE Zolz Zijgds
Ad x/Lel gel 00555 AHdAAN FAZF A

Fig. 1 Shape of an NPL airship hull
(fineness ratio=4)

oj7b dojupe Aol dAME ARE FHIA
ot @A FEASF Al AN Z1E BA
ozE #Hd 98y, VIE Hol2e A Hou
Ho) AA Fol 44 Ar]E 7HAH, AL
2 NE "oz A AHY 235E, VIE
Aolzxe A AH9 1/835& Hste 290t #
of d7/]M% 22 FG0m WHNY B4 Z4Z



SIBSATS

M1 EEY 79

255.775m° %} 15993m) & H&Ack. =i vy
& Rejo] 3ag o] sz 23 FAY A9

dAste AF FHE RAE FH JEHeR
Az Ao %3"“?01‘4. A7) 490 NPL 5 Aol
e AY FAol T ddorRyY dolz B

438 At 047852 Hel Folw, o] H&
HdEe] FAHeR sguny, dEedd 4Ag
2 A (Payload) ¥ & Im, Hol 2m, E°] 1.75m

o ¥3E Far svf, a9 1A ﬂ«l 5
e w8, 223 4o 98 F7id zle=
B g el

3.1 A d4 9 AY AR

A2k AHgE A qde o
NPL{National Physics Laboratory)ellA] =#jg¢tst
A G FAA HAFHE 42 @ Aojh
NPL 848 18 1o} Yebhydl upg) 7ro] A ZE0)
Zolw 7k 1:V29) 270e) Bld Az ¥WE
T s, dA Zelir 50m, A Fulrt 4°L3’
Hoal A4 125m7 gleh 1§ 1o dEbd &
wapis Aa) B s Al A}% 1 740]{5}—7]},_3,1:}-' i3
Gl S vl e} vhed el riye] Wt
i ekl ted w40w ud Awd 94
& vhebd Reojr)

s eiA A s 1Y xpA o] Y
uk oluzl A Azl oM E Gl d 4 glo
ol sfe] Azt oExir Huleh wja)dr 5 oA
ARg A gHE sYsol Bg. nxe
(Gondola)7t R &7 & WA A3 2 8

—

Fig. 2 Computational grid around an airship
hull with a gondola

ol wstel Ayel we FAe ANE
PN W2 3 RAAE

AR A
A

04
g #AuEs

[9]s+ (101 A

I EvICd)

& vt} 7ty B4 EWelAM e ¢
AT BEE vlusled #e AR
=4 ﬁ}ﬁiﬁ’r :laA Aol 93td 3
782;1: 13} IO/H Furek cﬂzln% 4l 2] oF
507}, z2Elm WA %L%kp_.s: ok 657 A %2
HAH S5 Aoz se gloy, oridx o
e wrE Wl 121x51x65 H-0 AAE A
38k 3R AAZE AdE Jdegd 5 gl
A 87 Hete wEdiA A A ZAAEe Qo)
2 BR9sg Agsl 2x10%) g4 sy,
olF =& ReynoldsFol A ¥gzbo] 0°Y W y+
grol ® AddM 5 olF7t HA svh. 2E 2
= 2Edt Y A F9o A #Ha
(121 x61x65)8 YEUAeH, A% ZAEL
A Helg] 108 s A T

A5 o}
[*) %E.
H

£ 3% ¥x
=

dud
Elﬂm

}':JJ

3.2 &9 $£EXA

2% 39l Reynolds? 4.108x 105 wr-&-2} 30°
o uff 9} &9 FEAE ERR T
Divergence, &1 wAgAel  He g

&% %
(Residual), 283 v5 S wAao Ho &
Fgg 98 9 ¥ Ags) ‘?}’fﬂ
of et N AgE =
g7t EAGgox
TELE RAFD dow, 5§
wal w3 HUnsteady) #%
%

S machme zem”}zl 3j

JW U‘\

———— Drergence
- Max Residua!

Mas Res (B-BEqn) 7]

<, 1

gence, Max. Residual

Diver
B
1
.

13 ET T USRI Y id o W
0 250 500 moo 1250 B
l\erahon Number

Fig. 3 Convergence history
(Re=4.108 X 10°, a=30°)
fAsted 7)o el gdey oi¥ z=d
glol &% A4E siMsdon 19 33 22



12y

SEigss)

@8
0
2
L{

ol

Fg o 1,2503] Al 2ol
WEds T JA A 98%
vector ol 93] S, AN B
oF 825MFlops2 WEFWTh  ©]& NEC SX-5
o244 Hul M%ol 10GFlopsd RS #etst
e goeze B F 9ov, Cray CAA
ol H5ae HE 1R thh FE g
olth. AA Z=E NEC SX-5914 27 aalv)
A% Ay Jg Foll ey, dAzAE NEC
SX-52] vector register® Zol7} 256 uks}
o #l4 iy EX4 o €& & J& data

°F 3,500%7t

o
R
32
£

Lo ¢l © o 3 P~ op

9 7t &3MEY AL 7371}4 Hx =2
(Dimension)?! 51& ¥< 4 ¢V #®EY AL
2 By,

g Ee] wezbe] digled AR Aol 9l

oy 19 3% 2& £3¥ 54& v gl
o, TEAs Wile A 2704 AR A H
B2 divergenced # 1078 4% rigoz 4
ak. FEFol EuiHd AAEFE(LE S
BeE) £ EHo 23y "olXE HIS
9435,‘94 A )M =
Ee7t o= AE
CH’eV“] AbErA
o A veboh

Jl)i

3334 FH g4 54

a3 4o 3714 A S0 wigk 4E, pitching
moment ¥ ¥ AFE L2 F£2Z e
Wt F¥Eoly pitching moment A& EH
wezh 50 Bazizls A8H 5E4E Holy o
T g A g e a Ak HE2 w
Szt e #9Ed 5% dEst flod, wezt
ol FolRAA 2 vt Arlm o2 U
AR Ao vEvEe o2 RARAT
o]% o Bzt A4 FHATE BW A9
22} 359 del2 F18le S Hol 3l
9, 30°9) 22 He $EZddMm Tl ¢
Nt 2o A4 AES AF HolR ¥rd.
+ 39g 4% e (Cross Flow Separation)oll
dste] AAZE AN FALA A F9
(Leeward Side)¢] 3 ® ¥ 1%z &L
$ol Hl3le] HH HuslYozH BERY FF
whg]rt AasE7] fEd Aoz Bt

offi o 1

02 —---

Res=s.
Re=4.10762E+06 1
Ro=4.10763E+06, Trans. |

LR e L RNINESE A

o
T

Lift CosfRicient

©
2
T

] Lol

10 15 20
Angte of Attack (Degres)

(a) Lift Coefficient vs. Angle of Attack

o

o
I

o
-
T

97

2E+06

36406, Trans.
A

o
4
T

o
N
T

Pitching Mom. Cosf.

[
AR o

10 15 20
Angle of Attack (Degres)
(b) Pitching Moment Coefficient vs. Angle of Attack

b

——a—- Res8.0S4EHDT
——a—i— Raz4,10763E+06

o
T

Drag Cosf.

¢
A\

10 = 15 - 20
Angle of Attack (Degres)
(c) Drag Coefficient vs. Angle of Attack

Fig. 4 Aerodynamic coefficients for an
airship hull of fineness ratio 4

Pitching moment A% F7}%o] £ 7]
st} WS zbo] uwel Aoz Frbdth
HAFE Bgl el 23 59 Fez
ZHge o # Atk

a9 5ol 29 40 vEld EHE o] &3
AdEFA 2 THFNY AAS ¥H 2 4 A
F9 #AE Jehdidoh.  37HA
Exo] GAMIEEZ Reynoldsd7} 4.108x10°Q1

o2 rir

of

R R

A4 dehdidit HA gEFsAde 29 A
o A °§°—°‘.°ﬂ Qolx 2 HAZE FA ¢ B2
gdol oA e Aoz yeyy, wizte] F
74 metxd FA okd Zoz SIS &
F doh. FEFAY A= A9 B dES
ety glow, uide] FA FHol g4 A
2 4 A giga AAsE FARezs



SERAeA Do) H 1 HEY 81

T o198
A AH dALE FEF 5 UL B Y Re=B.054.10" Re=4.108:10°
o gtk #dEHASFE B&Zd dstde 23 &
Fo H4E dEod FAATE 2L 54
]
D5 =
5 1
15 }
b {
I N S TR T A
s 19 18 25 30
Angle of Attack (Degres)
(a) Pressure Center vs, Angle of Attack
es5 T
oF ) L i
~—a— Re=4.40703E406 H
sk ; . R SR S Fig. 6 Surface limiting streamline patterns for

Xae/L

30° angle of attack

5 549 Wzt g AR @1’2}%5}.
2 e g ey g a3 6d= F 7He) Reynoldseol diste ®
(b) Aerodynamic Center vs. Lift Coefficient ‘a “Prf_ %‘EH‘S‘ H]-‘Ls}ﬂq‘ %%Z}% 30°°]D:]
oz frede 25 vxd AEE Bl vk o
ot @& Reynolds+ ¢ 73-1— 12 f5 e
- (Primary Separation Line)e] ¥& 7% w3}

o & o] ugle] Eojo = —.(Wmdward Side) &
2 X$HA e Aol tr=n, oy dwg A

Drag Coel.

] =9 o7t 29 4o YEld FHAFY ol &
: : FEsle Ao 2 ¥l ARy 69 HAA F
) SN S N TS N S | 99 FEFAME Reynoldss7t ®1 AAZ
{c) Drag Coefﬁcientvs.‘Lift Coefficient ;do] 7} 9"]‘% 73% 25(} “}l Si} H‘ra E_O] }_ZH 3}
7= &, AAE7E 23 HEE S d{E 7R
Fig. 5 Aerodynamic characteristics of an 3 Ao A e 2g 79 e R 2
airship hull of fineness ratio 4 o] Ealel Aol # REJA 23 wrgs ARS
& 4 glh

& A Jerzm FHAsd FHATY F
As Ad dgHes vepdd. 3.3 Gondola®] %

Reynolds4=¢] 4&& HAxd, A 44& ¢
2 OMRE Ae 2e wE7d dsty a9 89lE 2 Revnolds#ol thate e}
Reynolds+7F WH&4% & J3Hx & 7 2 F$9) e F$9 FHASLE vz
pitching moment 5% veldc, FFAFE o Vel Wiz %3 2 pitching moment
Z defzl 2 ReynoldsT7t &8 2& & ASE By g 47 dAH0 3¢ 5
& UEhAT. @& ReynoldsFeoll sty ZFAlE Aot o}Fd J&¢% vlxx 88 ¢ £ Qo
%i°]4 A2 AY e ged, ol Hel #, 53 o= HE o7t U Aoz ity
Hol FHF % 27 44 F e HEG ¥ A9 #EZ -10° % A9 el gl Ao
o oA o] d JH4& *H2 AR A 2 vgw g el e 2Ty &9
#E #E 5A4E& dellr] dgEd Hog "2l v AFHEY FFE ol Rez dgygn,



@82 M EEY SERUeRkEas)
EHEE ]

=2 W& 4gq] dig AN e glov +

10° WojoAe] A#E B9, 288 wez o° /

A A Frhge] Zm, F&zte] Adigtol b oo o

Ad5S 1 A0F L 37t WLE BoET
o AR © Ee P WeZ] yaME
A&}, wgzte] -20° o3tz ©f ZHopxW 7
AA% Aol Aojge 2A FolUANE F7}
Mg A Zolsk Ade vepdac

4. A&

Jab 4EH AYE  ABE

H 4=

Navier-Stokes WA 4] ajde] o] v &
Ao +8 54L& Ag&3Hg. FAE AFust
491 NPL9 A A3 Moz stgon A4 ZA
o]= 50mo]t}.

2% 3kmolAl 30m/secE 4|3

3

Re=8.054x10" Re=4.108x10° ;

Fig. 7 Cross flow stream line patterns at x/L
= (0.976 for two different Reynolds numbers

g met 1/25 £3 RdS F£ 0m/secE TF
A8 & w9 Reynoldssol tidle] sM & 3
aAch dwrHoez IAAA F9 F5F 479
B AAE T2 #5 ¥ ot A¥E
e A4 38 B4 AZ0 FAEEL FAS
AA A3 Reynoldss7F @245 48 2 3¢
A 712 2 pitching moment Al 3Folx]
= wre Reynolds=ol i3}
o Zo] WgoZ oF 55% H&= X HAA HA
Z Hol7} dold AS$E Aidsgon, HolA

o]

A ok A9 Hojzk Ith  F Reynoldss

o ity T4 ¥F F4 & vludgen,

5 FZ2E 7HAY 2€ Reynolds+¢ 3%
fr5 el Adol ulgo] Eojes W &

Lt Coefficient
o

&
1

=
yd

I3
o

1 ngte of Attack (Degres) °
(a) Lift Coefficient vs. Angle of Attack

0S5

o
v
4

Pltching Mom. Coef.
. [

025 A
E//:
o8 -
20 20 20 30

-10 10
Angle of Attack (Dagres)

(b) Pitching Moment Coefficient vs. Angle of Attack

02

e ReRAES, Mo O pndote

8o 0

/

P S
%6 20

-0 . 10 20 + 30
Angle of Attack (Degres)

(c) Drag Coefficient vs. Angle of Attack

Fig. 8 Aerodynamic coefficients for an
airship hull with a gondola

o2 % 9 ol%d d&g o F UM
Reynolds 2 ZAAZ Heol7k e A3 62
A FY9 FEAFE 28 334 gPdes A
A ggted, e AY Y 23 dEzt A A
o B REJN YEYT 222 FAAE
A7l A& A st BAE TEE dF¥E
Axrstg om, % 2 pitching moment A4l
E Ao 4ol gz gdHAsTE FIHA7E
Aoz velgth 3HASFY FAe o Al
oli} H) Lol ol W3z O°o) A b AW
&7te]l Adigtel AAFE 238 Fojoe A
& el ¥ w& oA ol ALY
o] o H& g3 AE AL o wF

qHE g F719 v L FelAwEME 1 A
e 238 AT olde Aide HHM
4 2 zsgd g4 A4, gd FE3AE A

o
T



SRSl

Faued
01 Zge, 4%, 287, o3, Aag, "
Qa2 A 0 AMG VPN g

3= A 299, A 25, pp. 152-164, 2001.

[2] http://airship.karirekr t}&2 43 v g
Mk A F o] X

[3] Khoury, G. A. and Gillet, ]. D., Airship

Technology, First Edition, Cambridge
University Press, Cambridge, 1999.

[4] Han, T.-Y. and Patel, V. C. "Flow
Separation on a Spheroid at Incidence.”

Journal of Fluid Mechanics, Vol. 92, 1979, pp.
643-657.

[5] Patel, V. C. and Back J. H., “Boundary
Layers and Separation on a Spheroid at
Incidence,” AIAA Journal, Vol. 23, No. 1, 1985,
pp. 55-63.

{61 Abhn, S. and Simpson, R. L., "Cross-Flow
Separation on a Prolate Spheroid at Angles of
Attack,” AIAA Paper 92-0428, 1992.

[7] Chesnakas, C. J. and Simpson, R. L., “A
Detailed Investigation of the 3-D Separation
About a 61 Prolate Spheroid at Angle of
Attack,” ATAA Paper 96-0320.

[8] Wang, K. C., "Boundary Layer Over a
Blunt Body at Incidence  with
Circumferential Reversed Flow,” Journal of
Fluid Mechanics, Vol. 72, 1975, pp. 49-65.

[9] Gee, K., Cummings, R. M., and Schiff, 1.
B., "Turbulence Model Effects on Separated

Low

Flow About a DProlate Spheroid,” AIAA
Journal, Vol. 30, No. 3, 1992, pp. 635-664.
[10) Tsai, C.-Y. and Whitney, A. K,

“Numerical Study of Three-Dimensional Flow
Separation for a 61 Ellipsoid,” AIAA Paper
99-0172, 1999.

{111 Zahm, A. F., Smith, R. H., and Louden, F.
A., "Drag of C-Class Airship Hulls of Various
Fineness Ratios,” NACA Report No. 291.

{12] Patankar, S. V. and Spalding, D. B, "A
calculation Precedure for Heat, Mass and

o1 ERY 83
L

EPICE|

Momentum Transfer in  Three~-Dimensional
Parabolic Flows,” International Journal of Heat
and AMass Transfer, Vol. 135, 1972, pp.
1778-1806.

[13] Chorin, A. J., "A Numerical Method for
Incompressible Viscous Flow
Problems,” Journal of Computational Physics,
Vol. 2, 1967, pp. 275~-312.

[14] Ok, H., "Development of an Incompressible
Navier-Stokes Solver and Its Application to
the Calculation of Separated Flows,” Ph. D.
Thesis, University of Washington, 1993.

(15] Rogers, S. E. and Kwak, D., “Steady and
Unsteady Solutions of the Incompressible
Navier-Stokes Equations,” AIAA Journal,
Vol. 29, No. 4, 1991, pp. 603-610.

(161 Rai, M. M., "Navier-Stokes Simulations of
Blade-Vortex Interaction Using High-Order
Accurate Upwind Schemes,” AIAA Paper
87-0595, 1987.

(171 Barth, T. ], "Analysis of Implicit Local
Linearization Techniques for Upwind and TVD
Algorithms,” ATAA Paper 87-0595, 1937.

{18] Baldwin, B. S. and Barth, T. J, "A
One-Equation Turbulence Transport Model for
High Revnolds Number Wall-Bounded Flows,”
NASA TM 102847, 1990.

(19] http'//www.hpcnetnekr 3 #AFH Y F
] o} =}

Solving



