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Computational Method of Supersonic Rotary Derivatives
Based upon Perturbation on Euler Equation Solution

TANG Haimin, FU Jianming , WU Bin, LI Xinyi
(Shanghai Electro-Mechanical Engineering Institute, Shanghai, 201109, China)

Abstract: A method for rapid computation of supersonic rotary derivatives is developed. It is based upon
perturbation relation between rotary derivatives and normal velocity on surface due to angular velocity
according to Riemann invariant and Euler equations solution using Cartesian meshes. The resulting for-
mula of supersonic rotary derivatives depends only on steady Euler solution of the basic flow, therefore,
all supersonic rotary derivatives of interest can be obtained at the same time after obtaining the CFD
steady-state Euler solutions. The international dynamic derivatives standard model "Basic Finner” is
studied as an example to validate the method. The calculating results are in agreement well with experi-
mental data and reference data appeared in open literature. It is proved that the proposed method has
less runtime, higher accuracy and better practicability in engineering, and can be used to rapidly calcu-
late the supersonic rotary derivatives of flying vehicles with complicated configurations due to using Eul-
er solutions of Cartesian meshes.

Key words: supersonic; rotary derivatives; dynamic stability derivatives; Euler equations; Cartesian me-

shes

Wi CAT a8 SNBSS AT AR NI AR T JR R A R AR U R A B
¥ S AR LA B0 i AR e 2 AT AR ﬁﬁ@%ﬁﬁﬁilﬁ%ﬁﬁaﬂlﬁTﬁﬁﬁ%ﬂ 1R A
BN R oK [ AN 222 E R iR PR 5K T AR A% 492 B TR Al 55 O v R

W B HB:2017-01-20; 3T H#1:2017-06-15

BEEE . FHEGW, &, 5H TE,E-mail: min0307@ sina. com,

S| A& B AL A LW . 45, BT Euler 77 2R 5 3l 1Y 75 e e S 80T 50 07 2 L) . ma s i =5 0 K R 2% 2 4l
2018,50(3):362-366. TANG Haimin, FU Jianming, WU Bin, et al. Computational method of supersonic rotary deriv-

atives based upon perturbation on Euler equation solution[J]. Journal of Nanjing University of Aeronautics & Astro-
nautics,2018,50(3) :362-366.



%3

JE A8, A5 LT Euler J5 T2 43 3l 6 e A T R0 57 ik 363

KA AR X L AT B BT T R R A TR
R AT . ST UL, B A= & e w7 A
A 78 WA vk B A T R T A SE AR .
H FirE e 5 7 vk TR R R RCR B AR e
T A B AR T AR TR B 32 i B 2P K Y R e R
JE WSS TS W N AR B R
ERTRERAINEH S P KXW hfE S8
PO 38 7 RS SR B S IS R L

AR SCHETFH R R R#E A Euler J5 2 32 A i 3
figet" i 3 Riemann ASZE & 5% 2l » % E 5% 5 400R £
G R LR EA R R EET —
FofolR 7o e RO T B . AR bR s
KPR MERL R Basic Finner Spgfte ) ik 17 50 451 56

e T4 RS U RO L SRR B B AR i —
BV SRR AR SO R IN A> ORE R R RS
PSR 3 A B2 2 B AME AT & i B P e e 5
BORA PR T

1 EFTHFRMIE Euler FEREH
BitEH*

1.1 M8 ERK

AR SR TN AR 25 1) 11 A 245 14 B AR A% XK
A7 % 2 T LA & AL, — UM AR R Y &S TA) R
O A B TR R A B L LI A .
K1,

1 B3 3as [A) 1 R R RS

Fig.1 Space Cartesian meshes of missile

1.2 =H75E
A SCR TR AR BT 1 Euler J7 BEAE i
Pl 7 fe AR

2 [Jwav + [[ras —o D
v v
A
o L opu pv pw
o ou’ +p pvu pwu
W= |pv | .F= ouv pv’ +p pWv
ow ouw pvw pw? + p
E \wuE +up oE +vp wE + wp
ds
ds = {:dsy (2)
ds.

Kb WP F Ml ko ABE:p N
JFEBE 5 (u,v.w) N IEE 4y &5 dS A it AR m &, H
KNI AL, 7 e ik ) s E Sy SR . Rk
E=—f 1002y 1w (3)

y —1 2

X T E AR L y =140 ZE R
AT BEARF V8 AU 0 H e 1w A
TR A MRS ZE ' N o =1, p. =
2 _ 1 yMa?®,
1yt = 7, E. y—1 + 5
COSag » V. = — Ny Ma .. singpsin®, w.. =+yMa.. X

s Ueo :\/;Maoo X

singpcos®, HA e WA #H.ao HEWILAH.O N
SR MOLE 2>, RATCH KA &5, BB
IR AARAR

E 2 CFD &b &
Fig.2 CFD coordinate system
1.3 HEHZE
A SCR L HAT 3 XURR I 1) Roe % A7 FRAK R
FEI AT RUE S K AR A ) O R (D)
FH 3 23 (B AT R 4 1 0T b R A7 B 1, A5 31 25 [A) 2 1
R4 1 7 #e Ry

v Sras—o D

KA.V O oo AR W OB 5T A0 B (R X R TT
(300 ST A TR

FICH A8 & F SR Roe i Riemann iz
RLAAR SR SR A T B R S A R 5 XA 5K

( Monotonic upwind scheme for conservation



364 &

2O o= At

PNEIPNIE 5% 50 %

laws , MUSCL) 4 fEL 77 ¥ 9 51 A B it 42 R i) i 2f
FT UG, LIRS 25 (8] i Bl B o I 1) 7 1] (9 4
PR A =2 Runge-Kutta J5i% , i [ 4ff F 1] — 52
T B A5 I 520 A8 2 O PRt 18] 722 A I 37
FIE W BT i A SRS M AR R A
W AR S 3 R o S D W T A B 2R A R B T
WS GRATFRNIE G 0 BT . X T IR SRR . W IH i
PR Wy T 014 95 1) R O s 6 R T TR R G 5
i 5 W) T — R AL B 5 0F 8 37 10 SR T B i B
A CRARZ ISR 10 D) .

2 AEEMHSIENDEMINEE

XA CFD 38 v i AR 5l AL 48 &R oxyz, R
ST AT G A TR Gy sy, sz, s TR R
Holw, o, 0) LE 3D HP 0, 0, 0. 575 K
e AR AVTY 0O AL £ B

B3 R E X

Fig. 3 Definition of angular velocities

Y s P,y D) D Gla, sy, - 2,) IRTE
rh

T — x, Ax
r=PG=|y—y,|=|Ay (5)
T %, Az
IEE 0w, s, »w)PLENGHE KPR SEE
z J k w, A2 — w. Ay
AV=o Xr=|w, w, w.|=|w.Ar—w, A2
Ax Ay Az w, Ay — w,Ax

(6)
BT sCs, s, 050 BRYBRALANE 1] K

s S s s

n_‘s‘ {50’50,50}

Hrpr s o s B84 LB BE AV TE W) 1 1%
JC I Y3 [ B B R

V,=AV « n= (w‘yAz—szy)ziJr
0

(wiA‘TinAZ)%+(wi Ay*wyAx)‘Z—t €
90 So
S S 00

w. —@dds w, _wly o, _wde g

V. V.’ V..
Al LR AR RNy — M, o L, L oy
WA w. w0 WSHERE. RO ATH—LWE R

A — B IE 3 T R R S5 SR i ] Euler J7
RESR A 2 7% B RN — AL (D B AT S oy

V,=VyMa.. |: (;,y %Z_C;: M) Sa

L. ]so

S Ar_ o Amys, (- AY_ - Axys.

(‘“* 1 Y, )so+(“’ L, 9, )so}(g)

S0 L I Qe AL AN | T 7 T G e =)
Mz
3 FEERIFEIEE
3.1 fRKEBEHRS

HR 6 W 10 i ) —4EAE 2 W Euler J7 £ W9 FRIE
FRIB 43 o w0 AT A% DX A R 3, W 1w B i
Je T 5 — I A7 B R AIE 4% Riemann R 7AR A %5

B AT Riemann A28 =V, nJr%:
2¢,
y—1°

2¢ .
;%Tﬁﬂﬁ&mmmmﬁi:w-w+ I

1M A7

2o 2¢
y—1 y—1
E2v PR N NI WA /) D= o)l N GO0 WV |
A H &V, « n R E, n 87

%ﬁ%%mgm%ﬁd:ﬁgg:f}%M%#

by _bo
Ve

ol o

» 2
Lo | y=1l o o
Do {1 2 Do Vi n}

Syl ey
y—1 2 Y Do

HrREmbpiishE,. XAD RSN
=100 =Yoo Vi * n=ps — /Y00 o Vi
(12)
Ak mE V, AT, aTLUAE
RPymm g mAgEs, WY mERSRE: RZ.E
F Az B, W) TR 5 20/ . T R R T R
AT EN —S% 5, LA &N 5. JEX
B3, Wik MR A2 i 2B
2 I
JrMa™. e Vi
K oospo Vi, HEPN—1., XH V, B ERAE,
X ;T s 342l s AT B A R KT ff RS B B 5
wymE Vv, Vv, -V, =0, FHitt = (9 A5

V, =—yMa._. [ (;y Aizf;: Q’) Se
ly l~ So

L. L, ) so So

V, n+

10

1 Taylor HEEF . AO T RE H

(1)

Cp,=Cp, — (13)

(14)



%3

JE A8, A5 LT Euler J5 T2 43 3l 6 e A T R0 57 ik 365

3.2 ENRHBEHSH
XA ©(0,0,0) 4k Taylor ¥ EH . 3

&L E B mA
. 2 _ ICh,-
(/;Dz, :CP() _ﬁMu Z IV p()po V;m :Cp() -+ a;[j’w . —+
ICp,— el _
Cp, Cwaz 15

dw, P dw.
o BB R oy O R BUR S RO T E
H
aCp, 2 —JV,,

9(7),’ 7«/;Mai {OOPO le

EZY G DS LI RDEE T

_ 9Cj),, _ 2y 00 Py
dw, Ma..l,s,

prv :aqp/) _ 2 «/p()fo
" dw, Ma..ls,

_ 2 /po Do
dw. Ma . L.,

~

C ) 77.(

(— Azs, + Ays.)

(Azs, — Axs.)

Cp(;:): — 9Cpl)

(— Ays, + Axs,)

an
3.3 WERTSHHESHHERESH
B T ot ds = nds, s dso HIOTTH . n=
(n,smysn ) N BN i) B, B 7 AR 1 0 T
foC R Bh e S AL 9 AL B
JdCfff =—Cpoin,ds,
dCi' :—Cp‘,ii'nydso
ldC‘;f = —Cpiin.ds
FrHURE R A P T O R B ) R S BB
9 4, Bp
JdCz,; =dCz (y—y,) —dCy (z—z,)
dC; =dCy (z—=,) —dCs (x—x,)
lda:,; =dCy (x—x,) —dCs (y—y,)

i=x,y,z2 (18)

I=XT,ys2

(19
3.4 £HMSHHESHNERESH
A 20 (18, 19) By i ot 3¢ & 20, W 4 3R I
B3 nl A 2] 4 38 ) 5 8 ) R

o = Siﬂdc;,

w — L ([ 40
G, =5+ Hdc
KXh:S, WS HEMMR. L, ASHEKE,
R — B S K S .
4 EHISH

4.1 HEHER
Basic Finner 5 i g o711 2 [ b b 56 1F e
HSBOTRINESF AN, WK g

I=x,y,2;] =x,y,2 (20)

L, i &%

103K HETE iR R AR . +F IR B3R, #iit
Fod, B RN 0. 08d, JB F AT 4 5 7 2k 2k
0.004d , BARRSF WK 4. J15E O B FE 5. 0d.,

(BN
2.84d d=0.031 75 m —

s
J0.0Sd

10d

&l 4 DBasic Finner # %
Fig. 4 Basic Finner model

4.2 HEHZERRERDH

ARSCR BT 07 060 E R TSRS R A P
BN EAT T 24 Bl 8o % %315 > A PC AL |
Euler A &75R i H sz A7 IS [A] 0 40 min,

K5 AR Basic Finner G 5K I R /K M
& AE R ) T BRI R A L AR B 30 T AN A
6 72 Ma=2.03 i} Basic Finner 3 Euler J5 7L f#
RS = .

5 Basic Finner J& [l M 4& Y] 18 &
Fig. 5 Meshes on cutting planes around Basic Finner

~u

Kl 6 Ma=2.03 30 HE N =B

Fig. 6 Pressure contours on surface at Ma=2. 03

Kl 7,8 43 Fll & A SC 7 B X} Basic Finner 55
TR ARAS (4 0 0 BELJE = BRI e L JE S 50 % T
S AL VR UL N 22 Y B ) SEEPR b R e e S BN B
g e CFD S 3cik [6 3 2 oR i 5t 38
PRHATD TR B 2440 S W JE 2 % Euler FEIR1F 31 %
o Bk B A KB SCERL6 J 4 R AA —
Btk B R b 7 I Y b K B
PR BELJE S H de R 22 6. 2% IR 5 L e S 5 K
B2 19. 200 e IR BOHE 25 Y0 B I L A 3 T
PN B 5K, UL AR SCT7 2 LA TR



366 MOoE oM o= M XK K ¥ ¥ R %5 50 %
-700 (4] ™), 4. FIF CFD # AR i 8 sh S 5[],
600 Jb B 23 A R K444, 2013,39(2) :196-219.
= YE Chuan, MA Dongli. Aircraft dynamic derivatives
g -500} calculation using CFD techniques[ ] ]. Journal of Bei-
= ji Universi f A autics and As autics,
= —400 F g niversity o eronautics an stronautics
= —o— Present 2013,39(2) :196-219.
-300+ —e—NAVORD 4516(E N " P - e
% Oktay&Akay(CED) (5] R ETRI Ao BEAEH. AT AL 5 O
-200 L L L ) SR AR E{RER b 2R 4R, 2015, 33(4)
05 " 55 55 0 K% IR v AL Dol K% 2 4R
540-545.
Ma
MI Baigang, ZHAN Hao, FAN Huayu. Calculating
Bl 7 Basic Finner {ff il J& 5 4 8 combined and single dynamic derivatives of flight ve-
Fig. 7 Pitching moment damping derivative compari- hicle calculation of dynamic derivatives for aircraft
son for Basic Finner based on CFD technique[ ] ]. Journal of Northwestern
-35- Polytenical University,2015,33(4) :540-545.
_ , . CFD predictions of dynamic
30k [6] OKTAY E,AKAY H U.CFD dicti fd i
= derivatives for missiles: ATAA-2002-0276[ R]. USA:
gg Rl ATAA,2002.
= 20f (7] NV BEY AR & T e sl e
# —o—Present b ot o 2eh Y ; P .
%  _15| —e—NAVORD 6652(Exp) B E RO I T, AT J12£.2010,28(2) 1 28-30.
A Oktay&Akay(CFD) SUN Zhiwei, CHENG Zeyin, BAI Jungiang, et al. A
—_ O 1 1 1 )
1.0 1.5 2.0 2.5 3.0 high efficient method for computing dynamic deriva-
Ma tives of aircraft based on quasi-steady CFD method
'S Basic Finner 3 5 518 S5 18 [J]. Flight Dynamics,2010,28(2) :28-30.
. . . . . [8] THOMAS J P,DOWELL E H, Hall K C. Modeling
Fig. 8 Rolling moment damping derivative comparison
for Basic Finner viscous transonic limit cycle oscillation behavior using
a harmonic balance approach[ J]. Journal of Aircraft,

5 Q:él:;ﬁig 2004,41(6):1266-1274.

[9] MURMAN S M. Reduced-frequency approach for cal-
A 3 AR BE 5] R A T R 3 R4 culating dynamic derivatives [ J . AIAA Journal,

A M A% Euler J7 8 3 A i ) i 1 %) Riemann 2007.45(6):1161-1168.

AN Sl R A TR R e B S B T Oy [100 B BRET A A S5 R I R R

L oF R 5 BOh Y T B W B RA YL, FAEN - 2002.235) 6671,

e B A M R . K FAESE A H A M A% Eu- HUANG Mingke, CHEN Hongquan. Computation of

ler J7 T2 KA T v ) b A6 IR f6 20 L 45 1 JLf] SN IE the flow past launch vehicle using unstructured Carte-

~ RN |7

. . . . . sian grid and Euler equations[J]. Journal of Astro-

T8 FH R S R I 3 A A R v 0 R R AR SO ] .

15 1 PR 4 B0 2 2 AN 1 K AT 5 5 nautics,2002,23(5) :66-71.

Y ), A — ~ H>

R L v TR EERE 1] SHANTZ 1. GROVES R T. Dynamic and static sta-

e BT S bility measurements of the basic finner at supersonic

5 2 Ht speeds: NAVORD Report 4516[ R]. [S. L. J:[s. n. ],

Z .

1960.

(1] 2SR A AVRRRESK RS JTC oA 3 T [12] REGAN F J. Roll damping moment measurements for
T AT S E ML SRR I L 2% b st B Tl the basic finner at subsonic and supersonic speeds: NA-
R L 1964. VORD Report 6652[R]. [S. 1. ]:[s.n. 1,1964.

[2] BLAKE W B,SIMON J M. Tools for rapid analysis [13] FRINK N T,PARIKH P,PIRZADEH S. A fast up-
of aircraft and missile aerodynamics: AIAA-98-2793 wind solver for the Euler equations on three-dimen-
[R]. USA. ATIAA, 1998. sional unstructured meshes: AIAA-91-0102 [ R .

[3] GREEN L L,SPENCE A M, MURPHY P C. Com- [S.1.]:[s.n. ], 1991.
putational methods for dynamic stability and control [14] ROE P L. Approximate Riemann solvers, parameter
derivatives: AIAA-2004-15 [ R]. USA. AIAA, vectors, and difference schemes[J]. Journal of Com-
2004. putational Physics,1981,43:357-372.

(% R F)



JE A8, A5 LT Euler J5 T2 43 3l 6 e A T R0 57 ik

367




