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Influences of geometry of hull tail on aerodynamic drag
of stratospheric airships
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(School of Energy and-Power Engineering.,
University of Shanghai for Science and Technology; Shanghai 200093, China)

Abstract: LES (largeteddy'‘simulation) method_was used to simulate the external flow
field around hulls of the LOTTE ‘and M=LLOTTE airships at zero incidence angle in order to
analyze the momentum boundary thickness and trailing vortex structure of stractospheric
airship. Q distribution together-with vorticity was used to visualize the trailing vortex struc-
tures of revolutiondl body. The Q distribution shows that compared with the LOTTE air-
ship, the separation region in the tail of M-LOTTE airship is much smaller. Influence of axi-
al symmetry momentum boundary layer thickness of revolutional bodies on aerodynamic drag
of airship was analyzed. It has been found that the momentum boundary layer thickness in-
creases obviously toward to the tail end for both of the two airship hulls and apparently thin-
ner momentum boundary layer thickness exists for the M-LOTTE airship. The distribution
of momentum boundary layer thickness explains the fact that the total drag coefficient of the
M-LOTTE airship hull was 17.2% smaller than that of the LOTTE airship. It can be
concluded that hull tail geometry of the airship can significantly determine the total aerody-

namic drag.

Key words: stratospheric airship; large-eddy simulation; LOTTE airship;

momentum boundary thickness; trailing vortex structure

Y5 B #3:2013-10-28

BEETH HEAAPEIES(51176127,51276116,10902070)

TEE BT IR (1981 —) B TR R L 1 A L R BWESE J5 160 o 5 WA 2 R Eh Ak 07 1.
BIRAEE 0E A (1964 —), T 30 T2 I A2 , 1+, FBEHFSE 1 S bS04 7 2 RS sh Ak ik,

E-mail : xyguo@usst. edu. cn



556 = 3

Ji % 5530 %

R A RE S AE s KSR B
AL | T AR FROGT HbUE ) 4 22 i T L BRI 52 3 Ok
2 L R IR L OF 2 R LUK T
LA RAT L AH GBI 2R B RE B 52 B Y < B
BH 729 5 R AE RSB BT i 2/35 . FEZ UM T
LT T RE B R B e TR B T R R T
15 RN R F ik LR 43 B i Bl L A5 ) 3 R
2 2 R AT LAA 2380 b i/ s 5 A 2 T R S 1 0 1S
Al P A EAE ST A R AR RO TR R
AR R R RN R i A5 R B R )

AR 52 56 2 i 9 KR i 3 ) Ty vk i T
TR A R K, T 18 XTI S 5 B A R AT PR L AR
8t 5 BSORE ALY D AT L S 8 3 A R KR AT
KT S 25 . Lutz 8 NP3 8 T R R A T
BN LOTTE ®AgE < 3 #8 M 0y XU S 56 2098 5
Kreplin 5 A4 T CEAE S IR 7. 2 X107
TR 9 KR B M fE s Chesnakas % A5 #F 5%
TR 6+ 1 0 Wh Bk TE 55 15 o BUR /NI
00T B o> B AR JF B T U Ak i R
N 3L 30 2 B0 A R 5 Su 48 N A K R S 56 0
MR A 4 = 1 BYREERVR T 2 23 B3 50 . JF 25
TSR T 00T 32 Ui 8 2 M 3T T4 ) h Fh 2
¥ s Ahn™ PEAIER I T80 BOM BCART K A% ek
6 ¢ 1 Bk AR TS 2 PN B RN Gy B Bl Y R
Emre % AR 35 N A5 R TR A2 Ty
6+ 1 MiBRIAM ZE s kS F45E N R H realizable
ke Yy A0 ASE AR T XU BR R T REAE R W] X AR
43 B U Bh A LR 254 BT AR S AR TR
H realizable k-e i SARTIA AL T KT/ T 77 18
WA AR R 45 5 Tezuka 25 AV HESE T &
WAHATHTRKAE R 6« 1 BRI 7 30 #1543
B L. Constantinescu 25 A% % ] DES (de-
tached eddy simulation) BERIFF 5T TR A2 K 6 ¢
1 MEERIARALE /NI F T 00N 1Y 38 T 23 2 R 5 Xiao
S5 NTPIR A DES BERSHN TR AR 6 ¢ 1 M
BRARAEE Yo i F 3R 10 43 25 3 1% 0 s 78 w9 Y
P, 5 2248 NN BESE T R R X AL TR R B
PERE 19 5%, R LES IR AL AT 5 COME A9 <30 FE
PR IFAfE T MR T 1Y 53 B A AR SCR AR R Y
RAESMEFR AN M-LOTTE KAESME.

A SCHRIE SCRR[ 14 LES 25 5%, 70 9353
LOTTE"™#1 M-LOTTE KA I /1 T3 F &3
SN FREE R QA B TR Ry
B A S A, A AT TR R AME X R
it <5l BH 3 228 Al FLAE 1Y 52 il

1 YESFANHETESRIE

1.1 T EERMBEITE

AN FH R B4 Fluent, @ 13 LES SR f# &
fiE J&) ] = 4 AE R 8 AN AT T i 3 U 3 5 T )
W 4E R A SIMPLE ( semi-implicit method for
pressure linked equations) & ¥k, LES g5 B4k T
WIS I 15 B A SCZ 5 1 53 B B 8 T B E
SRR IS EERE

LES fif A JEURRUR AT i ROBE B Y Hh O 2
PR SR A, A% 7 Bk 2l o A% 7 R A 3
BEUT L B I B A AR N ) A 43 B R AR A
WAL S R A R E 45 1F. B AT LES rh H 9 4%
FAR A 41 75 . O Smargorinsky % %k 455 50 ; @ BE [
Smargorinsky % Z 182 #1 ;3 ) /7 Smargorinsky
TR RL ;@M AK i 3h BEA AL O ML AS i 4 K
PR, k1 7-18 148 H L SR 341 Sndargorinsky
AR AL 455 6 15 K 19 ks oI LR A b B i
B (0 UL 15 B S R A% 1 S 5, o 1) 2 1
T V25 1o)X % ) 73 9 38 ) L 42 5 W) 00 900 ) o
PR T B A B AR A0 TR SR AL 3 1 A3 B
175 MR CE F2 108 45 440, 5 0 TROME B ThT A 1Y) A%
AT B 1 9 AR ST LOTTE ©AESE
WA 43 1 C AL S5 4 P A%, T A% S B2
2.0X107 W58 LOTTE "® A< 3 ¥4 B 19 4 b5 &
WE TR, LOTTE "CME 09 HT 2 5 o A AR JE A X
516 Sy [ 2 A i 3t SR T 4 S A U R E
Hodm W o FE O 1000 +F B W 14 E R ),
LOTTE "W i 3 1 I >R FH G 1 B 301 57 A 1

1 RESMR SR LES M
Fig.1 LES grid of externd flow field of airship

1.2 HEEHERIE

SR LES, WK AR 6 ¢ 1 BRI«
FE B PEREHEAT TS, JF [) SCHk b 9 08 45 SR
M RANS (Reynolds-averaged Navier-Stokes) f&
PGS AT HOH L LLBGRIE LES T8 14 i 1 2.



55 3 3]

TR G5 - JZ TR R AR AR PR X2l BT 5 e 557

B2 43 4 1 T 5288, RANS fil LES 78 X/L=
0. 56 T &b~ 53 BE T A e RAELCC) 73 A Lo
MUK RE o R I8 A £, AT LA ) LES # &R
B3 A TN A S S e 4 2R

0.2 T T T

& Experiment
---= RANS

50 160 |§0
al(®)
B 2 WHERIRTE X/L=0. 56 #0&b i & 2 5050 i 1 i

Fig. 2 Comparison of static pressure coefficient

distribution of spheroid at

X/L=0. 56 cross-section

2 HERE5Tie

2.1 XERREH

K 3 4y MR LOTTE A1 M-LOTTE K i
. AT LA N P IRIR A 22 8 RER AL LLT
3751 : OLOTTE A1 MSLOTTE QEAE & f& K
JERE B AL E A X/ E=0,44 Fl X/L=0.47;
QW B e RJREAHZE) 4.3% ;O X/ L=
0~0. 70 JU FI 1 & A & B, M 7E X/L=0.70~
0.95 0 il J5 & i & )& B 208 2 i, 2 X/ L=
0.95~1. 00 i [l fift B J& i B vl /)N, W 9K, P 3
£ X/ L=0~0. 70 [ N IME 428 4k i R A —
L HTE X/ L=0.70~1. 00 i [ P} AME 428 4k 1
AR AN 8t 2 il T AR A A e e T 3N i )
PR T8 B OK , 3R I e % It Bl o R R 5 H i
AN E DI N AR B A5 D, JC T AR 5 5 U0 3 0 X 35 N
WERe i . B 4 4y 5I4A T LOTTE #IM-LOTTE
TR PO BT R N | @] = 0~ 10007 H 431
2168, IX BRI 1 e i U 3D i X, 1 A X B AR OR
TCTE 5% i sh 9 X 88k, mT LA . LOTTE & 7¢
X/L=0.8 #H bk B & &AW Bk sh, &
it e 8 1o e A v B DX S B AL 0 A B 4 (b) i M-
LOTTE KfE7E X/L=0.92 & At & 4050, &
T o DS 0 B BE TR, 55 4, M-LOTTE ® g 22 18 /5

WEXHEZ/NF LOTTE KHE.

0.14 . . : ;
0.12F ~Z20 _ 1
0.10F / ) :
0.08F ‘ \ |

f; — LOTTE \-\
0.06F /f ——- M-LOTTE N

YIL

0.04 -7 \

0.02 | "
i

XiL

B3 LOTTE Ml M-LOTTE "KM 4 BEXT L
Fig. 3 Comparison of LOTTE and M-LOTTE
airships-hull

0.20
|o)/s™
0.15 ! 1000
0.10 -
| 800
0.05 |
L 600
S i
~0.05 B 400
=0.10 i 200
-0.15 0
020
0.8 0.9 1.0 1.1 1.2
XL
(a) LOTTE &fi

0.9 1.0 1.1
XIL
(b) M-LOTTE &

4 LOTTE M M-LOTTE & o0 i i 28 1
a3 A
Fig.4 Streamlines and vorticity distribution for LOTTE

and M-LOTTE airships at central cross-sections



558 = 3

30 %

R T e R FH o i TG0 i 3 5 5 U0 3 8l X
PRYJiGE 5% D 2 By i B L SCRR [ 20 151 A T il &t Jm 31X
S A T 2 R U0 B =2 8] 45 1 B R QL L E
SCINF

1

Q:_ E(Si.jsij

S S TR 5T U1 B0 B X B 5K s Q0 B i e

B 1) SRS B A 5 Q T LA A 3 e 2 9L sl A BT V) 3 B

Z AL RS 55555 5 ¢ R j 2o AR ARl 5 1) 3
SCHERL21 )45 s ) Sk g ¢ R X

Si,jSi,j -

—.Qi.j.Qi,j) (D

Vip =

Horfr p TR EIE 5 o FRom T . STk 21 ]
5 L R (2) R AT A5 20 R 45 4 5 R ) 22 1) Y
KF S R0 X T e /NEL SR Q 43 A i iR
TR R T Y R I A R N A B X, o AT bR Q kAT
BN ARAL B (AT (—0.5,0. 5 Z .24 Q>0
I, 2678 BEFE 7 O i i 80 IX 05 24 Q<0 I, o BY
YIS L i sh X5 24 Q=0 i, 3278 JC 8 U A1 T
e 7 1 3t 2l DX 3. T SCHE T Q RN dk ok B R R 43
BT G 1) R IR S5 4. N

K5 2 miid T LOTTE fi-M-L OT’PE %
o L B T 9 4 RAE 0. 5 0. 5 (B@W\Q\p\\
A5 s 200 X R o mmﬁﬁﬁ[:ﬁjz,mﬁﬂz
FR BT 5 R RS X @Eiﬁjz%%r%;ﬁm%
G T Y1/ 3 3h X sk, M 5<a)Tuﬁtﬂ,
LOTTE "$AE 3 1f B2 5% o5 o X 5B £ X e
X/L=0. 90 ém&_aéé&%ﬁﬂ s B 5(b) Q4%
A LLE H M- LOTTEK%%EA@J i pE XA
e 54 B J5E B K RE . M-LOTTE KA Z—0
ARSI Il o 1 i e o R T A N
LOTTE "®AgE. X (2) BT 1, e 5% 5 ft Ak i ) i
5 X6 2 T 3 4 TP IR 0 5 B U o 0 b R

%Qi,]-gi,,- o @

0.20

YIL

1.0
XL
(a) LOTTE A

1.0 1.1
XL
(b) M-LOTTE i

5 LOTTE il M-LOTTE " A0 1 v 3 28 71
QoA
Fig.5 Streamlines and Q«h%trlbutlon for IBQTTE and

M- LOTTE alr%hlps at Ai;ral c%)ss Se/c}tlons

— \ /

X]LEZ(:F 1= L,#m‘ﬁ;“ ﬁ JE HITREN HEJ/ﬁﬂq B B T 1R
L(zTTE %ﬂﬁ%iﬁﬂﬁﬁf TR AR L R
J TR B T 5 24 D LOTT VU 2 D )R

B %ﬂtﬂ.hzﬁ\%mﬂﬂﬁﬂm AR T 7

X/ E= Q95§E@F%%FFL1_*% L 2k T

TS R T TR I Q A B T R 4

L1 B M LOTTE & i 22 1 19 18 25 Fo 1)

E/J\ﬂ: LOTTE &#, LOTTE it ¥ ¥ %4 5

K6 4y M4k T LOTTE #1 M-LOTTE &
fiE X/L=0.90 #I4LF LM | o =0~1000 #
TN L B TR TR R XA A A L X iR
Iy AW, B LOTTE & BE 1 45 a 4b 77 7 i &
BE R XL B 6(b)H M-LOTTE & B 1 fi i
AETE iR A R 1 DX 3.

|@|/s™!
1000

0.05 800
600
400

—-0.05 200

-0.05 0 0.05 0.10
YIL
(a) LOTTE &A%



55 3 3] SR FE A TR TR AR R X S L 5 o959

0.10
|e|/s™!
1000
0.05
- 800
600
=]
3 0
400
-0.05 200
0
—0.10 —0.05 0 0.05 0.10
YIL

(b) M-LOTTE &t

K6 LOTTE fl M-LOTTE KMELE X/L=0. 90 #
b V2R A 14 A
Fig. 6 Streamlines and vorticity distribution for LOTTE
and M-LOTTE airships at X/L=0. 90 cross-section

74 MR T LOTTE #1 M-LOTTE X
fif X/L=0.90 #IAAL LR Q73 fi. LOTTE &
JIE U 2 S R AL A HE T A B BN s T 4R R I T
TN Qéﬁﬁﬂlﬂ)ﬁ%ﬁﬁt&ﬁ%,ﬁﬁ%w [

fEAE X/L=0.90,0.95,0. AT Ak B T 9 )
i R B PR AT LLE I OF
SR REEAL , LOTTE $RE A7 76 B B 19 e 1k 8,
M M-LOTTE " At 7¢ BE I8 Bt 36 19 He 77 43 1 i8¢ 3l
BN B D7 0 3 B B T A I S AR AR R
SR e s 5 K L 3K 5 I D45 Y Q 43 A 2 A W)

0.10

0.05

ZIL
<

—0.05

-0.10  -0.05 0 0.05 0.10
YIL
(a) LOTTE ¥ fi

0.10

-0.05

=0.10

-0.05 0 0.05 0.10
YIL
(b) M-LOTTE & ff

B 7 LOTTE fl M-LOTTE X#E7E X/L=0. 90 #X 1A
AR Q /AR

— LOTTE |
- M-LOTTE

0.14

0.05

0.10 015 020 025 030
RIL

(a) X/L=0.90

0.12

0.08

0.06

0.04

0.02

—— LOTTE
- - M-LOTTE

0.05

010 015 020 025 030
RIL

(b) X/L=0.95



560 it o= 3 4 % %30 %
0.16 . T T T T 0.0035 . ' . .
0.14 | — LOTTE . — LOTTE
- — M-LOTTE 0.0030 - - - M-LOTTE ]|
0.0025 H i
. 0.0020 i
&) (.,;—
0.0015 | .
0.0010 } .
0.0005 | N
Y
( 0'( nlo nl' (.7' olz( 030 : P
) 05 0.1 A5025 020 0. 0 02 0.4 0.6 0.8 1.0
RIL YL
) XIL=0.98 . -
© (a) BB 1 R BRI
# 8 LOTTE fl M-LOTTE K i & ¥ 7 [R5 & i & 2 5k
Fig. 8 Static pressure coefficient at different positions 10 ' ' I '
of tail for LOTTE and M-LOTTE airships 08 b — LOTTE
- —\M-LOTTE

B0 QWA #IA ) AL 2, PRI IR I Y
T B BB Wi 4 K 0 M-LOTTE ®RELE ik 3 4b
() & R BB FE 24/NF LOTTE KA.
2.2 YEEFMIELREEENEZRE

K9 4k 7 Cmk (143 - LOTTE- M
M-LOTTE &AM i O I sl P Re 40 A . ARIEL9
(a) AT LA/ Bl X/L'= 0\~ 0.70 X8
M-LOTTE &g b 4 B 02 £ (COW ks T
LOTTE ¥ fig, X/L = 0.70,~ 1.00 X BN
M-LOTTE ¥ ¥ BH J7 & 0 K FLOTTE &
fit . M-LOTTE "% fiff By 2 26 7F B 7 & 8 kb
LOTTE &g/ 8. 7% & 9(b) i LLFE H, B8R
M-LOTTE &7 X/L=0.70~1.00 XN %
FERBCGEMFEKREZRE) /N LOTTE g,
A M-LOTTE ®Ag 8 R 2200 )1 Rt LOTTE
KREAR 30.7%. W, 5 LOTTE & ig 41 Lk,
M-LOTTE ¥ i £ FH 01 R BN T 17. 2%.

SCHR[22 )45 HY 7 38 T [0 R (%) tox i 1D
SRR R L R R R T Ml ik
SN X B i ) IR EE 5 e, AT DL R A Sk
T 1t B A [7) Sy [l A 4 1 R 1) G BEL ) R k. Sk
(22 ] v At o o oty T A 30 0 )22 R gl i A2 JRE R 1Y)
TRAXT

5 :ji%[l—%ﬁdy (3)

K 8 RRD A RIREE ;60 Fomah i il 2R
U, K78 E 5 XN T8 B 5 U RoR i 52 i i
sy KT ERET Y )5 1] 5 r 3R B4 05 s Tl

XL
(b) HER BRI
K9 LOTTE Al M-LOTTE &M .0 # i < 3h v ik
SRR L
Fig. 9 Comparison of aerodynamic performance on

central cross-sections of LOTTE and

M-LOTTE airships

Z 8] R

& 10 43l #5381 8 i 4L Re=3. 75X 107 T
MF LOTTE 1 M-LOTTE i Z=0 # i 7&
X/L=0.70~0. 98 Kb it & ¥ 45 R, Lk I A %l Xf
s il RZEE. AT LLEH,. £ X/ L=
0.70~1.00 JLH A M-LOTTE & igzh& i 72
JEREEACH LOTTE ®AE 1/2. 768 B )R AR
P (fE X/L=0.70) 4, LOTTE 5M-LOTTE
TR (7% i B JEE A Ak G R T B i R R A
ALRFE— B B A CAEAE B A2 R 2 W D B
X/ LB n, AL SN E X 3 5t 1 72 8 BE 5 il
B K. LOTTE “EE X/L=0.85~1.00 X
B ) i 52 R E S KL M-LOTTE K



5% 3 4 TR G5 - JZ TR R AR AR PR X2l BT 5 e 561

0.14 T T T T T 0.014
—a— LOTTE R/L

012 F --#-- M-LOTTE R/L 40.012
—=— LOTTE 5|”.

0.104 --e-- M-LOTTE 5IfL 40,010

4 0.008

= =
= =
4 0.006
4 0.004
4 0.002
0
1.0
XIL
B 10 LOTTE Ml M-LOTTE & fif i & 1 12 F1 3 =
IR R R

Fig. 10 Body radius and momentum boundary thickness

for LOTTE and M-LOTTE airships

1 X/L=0.90~1.00 XN sh&ih 28 F
KB,
M4 A2 B AT A

J pUdy* JpUZdy—B——Ffw(ﬁl)

A o, Ron BET i 7 oK A GOARA R (O T

d
pU2 7‘; al+fw 5

F 2 (5) AT, 01 532 JEREE 5 i e B R B T D0
T O Y3 T2 B R T L) 2
Bz =X 5O A ISR 1 30, 2y 530 B2 R B R AE R
T ) 266 P BEL 7 3 B 30 )25 T R B JE D R AEE Y 52
R BH 7 B K 5 @) 2 30 52 e SR I BE T A 1 BHL
AT DL B 200 2 () A5 5 2 30, ik B 8l ik i
T JEEFE RA R A B, Bl 5 0 )R R R, R
BH KA AR 1T i 3h O Il B e A BB R AT 9 ()
Rl LUE L 7R SR R B MR ) R AR /N, 3R
BHPE X/L=0.70~1.00 X# N LOTTE kA%
T A B 2 80 T M-LOTTE K AE. M 10
Al LFE . fE X/L=0.70 ~1.00 X 5 K,
LOTTE kg zsh & AR E LY EIRE T M-
LOTTE ®fg. v Ao &, LOTTE $igE#E X/L=
0.70~1. 00 X 3 J& T 87 ¥ 1 %5 /N &0 i b B 4 K
MIEH F )2 M-LOTTE KAEFE X/L=0.90 ~
1. 00 X B R B30 5L )2,

R4 i 2 B R AT, KA S KB BE T 2 R
P BHL 0 22 BHL 3 99 58 43 PR &R B9 £ A A4 L Tl
5D, AT LA Bl 43 A 2l i 00 5 25 PR R ok Al i

PB4 VE FH B % R M-LOTTE fil LOTTE K Ag
JIT 52 FhE MR ) B — 2 1 22 SR R BOM Y L SR
AR KA R R TR AR, Ml T MELOTTE € 7R
X — DX Bl o 0 A2 IR A B 0, B A 6% R R
JEREARH SRy, A8 7 ks Mg
H .
25 BT ook ot i B B0 R R B T
T3 ¥ 2 3 B ] 2 A4 S T <3l BEL T B A RO i T
JEL 0 )23 TR P /S TR 3R T 1Y) Bl R R
JEE AT LAAG A /N T 1 S BH ) R L

3 % i

ARSCAESCHRC 14 TR bl 51 AT 31580 5l o6
By F VR FE RN 43 A TR R R s A5 A 1Y vk
A1 LOTTE 5 M-LOTTE R HERY i 45 #
Q o3 An A I B i AR R — 2 TR
I 2 30 T R X6 U 58 e 55 ) A 2 2 L )2 R
(5 A5 AR 4518 .

1Qr i W M-LOTTE K B &6 jie 5% &
AT LAY X 3808 &/ FALOTTE &g, ]
D M-EOTTE KA R A8 70 & X U] |/ T
LOTTE K Jf&.

2) TEJEFZ L N gl i 30 72 R AT L
AR I /N 6 R TR A B, MFLOTTE i
e X/L=0.70~1.00 1 [B P 2 & i1 5 )2 )5 AL
J LOTTE ®MEM 1/2, X5t M-LOTTE &g
(9 S BH ) R ERREAR 17, 20 1 TR AL

SE Bk

[1] Khoury G A, Gillet J] D. Airship technology [ M]. Cam-
bridge: Cambridge University Press,1999.

[ 2] LiY.,Nahon M, Sharf 1. Airship dynamics modeling:a lit-
erature review[ ] ]. Progress in Aerospace Sciences, 2011,
47(3):217-239.

[ 3] Lutz T,Funk P,Jakobi A.et al. Summary of aerodynamic
studies on the LOTTE airship[ C]// Proceeding of the 4th
International Airship Convention and Exhibition. Cam-
bridge, UK : the Airship Assciation,2002:1-12.

[4] Kreplin H P, Vollmers H, Meier H U. Measurements of
the wall shear stress on an inclined prolate spheroid[ ] ].
Flugwiss Weltraumforsch,1982,6(4) :248-252.

[ 5] Chesnakas C J,Simpson R L. Detailed investigation of the
three-dimensional separation about a 6 ¢ 1 prolate spheroid
[J]. ATIAA Journal,1997,35(6) :990-999.

[6] SuW H,Tao B,Xu L. Three-dimensional separated flow
over a prolate spheroid[J]. AIAA Journal,1993,31(11):
2175-2176.

[ 71 Ahn S. An experimental study of flow over a 6 to 1 prolate



562

P

¥

5]

1o AR

5530 %

[10]

[11]

[12]

[13]

[14]

spheroid at incidence[ DJ. Blacksburg, VA Virginia Poly-
technic Institute and State University,1992.

Emre A, Lyle N L. Separated turbulent flow simulations
using a Reynolds stress model and unstructured meshes
[R7. ATAA-2005-1094 ,2005.

AT SR ST U2 U A Bk R TERE S O 5 0 B 4 bt
(1], J1%: 9], 2008,29(4) : 556-564.

ZHANG Dan,GUO Xueyan. Numerical analyses on ambi-
ent flow of a double-axis ellipsoidal stratospheric airship
[J]. Chinese Quarterly of Mechanics, 2008, 29 (4); 556-
564. (in Chinese)

REG I, 8T A Al SR 2T I 2 T S B M T A B
LI, J14%:ZH).2010,31(3) : 355-362.

LIN Ruikun.,GUO Xueyan. Numerical analysis of aerody-
namic performance for stratospheric airship with a propel-
ler[]]. Chinese Quarterly of Mechanics,2010,31(3):355-
362. (in Chinese)

Tezuka A, Suzuki K. Three-dimensional global linear sta-
bility analysis of flow around a spheroid[]J]. AIAA Jour-
nal,2006,44(8) :1697-1708.

Constantinescu G S,Pasinato H, Wang Y Q,et al. Numeri-
cal investigation of flow past a prolate spheroid[ J]. Journal
of Fluids Engineering,2002,124(4):904-910.

Xiao Z.Zhang Y, Huang ], et al. Prediction of separation
flows around a 6 : 1 prolate spheroid using RANS/LES
hybrid approaches [ J ]. Acta Mechanica Sinica, 2007, 23
(4):369-382.

RIE T ST R, Fe o AT R AR S /Y 5
[J]. Mz 8 J1 24, 2013, 28(7) : 1582-1590.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ZHANG Haijun, GUO Xueyan, DAI Ren. Influences of
transition on optimization of stratospheric airships hull
[J]. Journal of Aerospace Power,2013,28(7);:1582-1590.
(in Chinese)

Funk P,Lutz T,Wagner S. Experimental investigations on
hull-fin interferences of the LOTTE airship[]]. Aerospace
Sciences and Technology,2003,7(8):603-610.

RICMGT, 8 A e 7 AR IR s WAL K 10 BSR40 4y B8 98 0 17
[M. dbmt . i AR KA L, 2008.

KA VREAAE Wk B, AR KT AT R BE TH VK 3 R ) R
B FELT 1. K By g 22 B 58 45 3k '€ L 2010, 25 (1) : 106-
112.

ZHANG Nan, SHEN Hongcui, YAO Huizhi, et al. Large
eddy simulation of wall pressure fluctuations of underwa-
ter vehicle[ J]. Chinese Journal of Hydrodynamics, 2010,
25(1):106-112. (in Chinese)

Jiang X, Lai C H. Numerical techniques for direct and
large-eddy simulations| M ]. London, UK : CRC Press, Tay-
lor &. Francis Group,2009.

MR B Y IR E SR AR R AL IR S S M Re 9 B 43 AT LD, b
W DGR TR, 2011,

Jeong J,Hussain F. On the identification of a vortex|[]].
Journal of Fluid Mechanics,1995,285:69-94.

Wang L. On properties of fluid turbulence along stream-
lines[J]. Journal of Fluid Mechanics,2010,648:183-203.
Patel V C, Nakayama A, Damian R. Measurements in the
thick axisymmetric turbulent boundary layer near the tail
of a body of revolution[]]. Journal of Fluid Mechanics,

1974,63(2) :345-367.



