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CFD verification and weak compressibility correction of unsteady aerodynamic

force models applied to high-amplitude oscillating incoming flows

Guo Li, Lyu Jinan, Feng Feng, Wang Qiang”
(China Academy of Aerospace Aerodynamics, Beijing 100074, China)

Abstract; The two-dimensional airfoil theories of Isaacs and Greenberg for unsteady

aerodynamic forces are widely adopted to estimate the aerodynamic performance of wind-turban blades
and helicopter blade loads. The models are established under the assumption that the incoming flow
is incompressible and without viscosity. However, the viscosity and compressibility are inevitable
and the applicability of the model to predict the aerodynamic force in real flows needs to be
checked. For the viscous effects, Strangfeld et al. verified the models experimentally using the
data of NACA 0018 from wind tunnel at Reynolds number 0.25 million in 2014. The Mach
number of the experiment is near 0. 0326, which makes the flow almost incompressible. To check
the effects of compressibility, a numerical simulation of NACA 0018 is conducted. For
verification, the result of Strangfeld et al. at Mach number 0. 0326 is repeated using CFD. The

simulation further extends to the Mach number 0.1, 0. 2 and 0. 3 cases to investigate performance

of the model at higher Mach numbers. The results show that maximum lift coefficient increases
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and the phase lags with Mach number increasing. Maximum overshot is at Mach number 0. 3, which

is over 50% more than the prediction of the models. The results show that the compressibility is non-

negligible an e Mach number is needed to be taken into account as a sensitive factor. To exten e
gligible and the Mach b ded to be tak t tive factor. Tt tend th

application range of Mach number, a correction is added to the models to account the influence of

weak compressibility. The correction relates the variation of density of the incoming flow to the

Mach number changing, which changes the density near the airfoil. As the aerodynamic force are

proportional to the density, the correction would increase the aerodynamic force as Mach number

increases. Using the correction, the differences of the models and simulation is within 5%.

Keywords: Isaacs's model; Greenberg's model; unsteady aerodynamic force; low Mach num-

ber; compressibility correction

—_—

0 5| 5

B B R, G E R HLBY e . XU HL A R
A, RIMETTE & W s shit . BT hesE iR, ok
Bv | NP i N NS B2 R | el o (AN A O i1
1) 2 5 9k 0 A AR AR ) 8, Theodorsen 7E 1935
R TIEEF DI NEIE M. Isaacs R4
Theodorsen B fiTA T 3k 3t 28 J3 A5 Ak (1 5% i = 5 30
AL R . Greenberg % J8 T B ik 3 5 3
Rz sh i 2 A& VEH . Mateescu 7E 2006 4F & & T 7E
R P A5 00 B AR s R A g AR RARLR R AE
HAHIZ 5 (ridge) AR 27 R AR, 28 T W
HRMFA N3 55 gk W . Walker 7%
TERAE RN T AN . Ramesh & J&
TR F S i TR R AT . Cho
SR 3 YRR H A (vortex lattice) ik, BT
e WA BB, T 25 i ik osh 1R i AR E
WA AR G R R R X A
KM Greenberg AR 7301 7 KL R 1945 SR 1%
Williams 28K ] Greenberg & A5 3% 445 il =&, 1)
il K AR 5 5 52 J3 A8 46, Jose 45 R A The-
odorsen IS 4 Ar T — 4k 2 Br 38 Y (] B % E
KB HHFE MY . Strangfeld " ffi ] NACA0018 3
T3 55 SE 56 X Iscaces Fl Greenberg #& H 19 452 BY 3k 47
THELL, SCE b B RIE GE . R R OE X A Ak
KV #EE R 11m /s, B RN 16, 5m/s,
/NBETEN 5. 5m/s, TEEEF-THZAF T, 1 3838 B X
i BGE AL 0. 0326, Y2l AT DL Bl R AN BT 4 i
3, BT %KM Reynolds 3Ll 2. 5X10°, S2H % %<
TSR 205 8 Ty R ABBEH AR, A
2P SR A R R S K. (HE 5L 1T P B Fourier 545
MALA S5 R 5 EE W) S 8F . TR A 8T SE R B
s AEARAS TR T ) BB, K R T A 8T S
R i A 3 R 3 0 A A 5 B o A AN TR SR

Isaacs 1 Greenberg M)/, 3l 77 24 2% FH # ik 3

WHES . Hal . 48 A8 ] R 4 35t i 3
WA o BN, WRIEK R arsinla) s KA S
M), ASSCH o TF L, S 58 F R 46 PR X Isaacs il
Greenberg i I ME E W, X HIEEHEET
Strangfeld 55 B9 5250 25 8 T T+ 7 2 H0BE 2 B i 28 Ak
SR J5 Xt B R Sh AR AR 0. 1, 0.2 0. 3 BT R B AR
it %55,

1 Greenberg,Isaacs EEEEF T EH

S hiEE

R Ui 14 32 Bl 8 - X R AN SRR h I 2 5] i 3
RS2 B (4 g F0 O A B R AR A, fBOE 5K AR Ak
BRI AL w M 5% A ) Rk R

u=u[l+osin(wt)] (D
o ¢ Jysial, SR A M o ER IR
WA o o BEE AR B AR o o 78 ORWAE
T RS Isaacs B3N AKX, & W T R
C SEFT IR Cro ZHH .

(é(t)ZI—Q—O. 5¢° 4o (1 + J() +0. 5¢% ) sin(wt)
Lost

+0o (N, +0.5k) cos(wr)

—0—02 [R(L,)cosCmwt) + J(,)sin(wt)] (2)
Hrp %ut,;zi'éﬁﬂéuﬁiﬁz L, WISEER, 3L, FmBUK
B, B HER k:;’—; R AW,  HFAMZK,
BRI £, Rk

L,=—m (—i)" E [Ey(Jyiw (o) — ], (no))

p—

+iG7l (],,+,n(7’1(7> +]n /n(ng>) ] <3)
RAEH T, Fm BrE—2 Bessel ¥, F, fIG, K.
],,+](77(7) *Jnfl(nd)

F, = 5 F(nk) (4)
n
G,,:J"”("")_ZJ"*‘("")G@;@ (5)

n

PREL F(nk) =R[Cnk) 1 Fl Gnk) =J[Cuk)] A



%1 £

J185F - R MR IR 55 R WA F T R RSl BB R 1 5 TR 4 R 1 IE 95

Theodorsen PREL C(nk) 19 5ZHE 5 B # . Theodorsen
PREL CU I RIRAN
Hi” (k)
iH (B) + H{? (k)
XA HP 2 By 1K Hankel pREC, H” 82 By 0 K
Hankel BR%{. Isaacs FHRIS W4 A dE & & <8l I
FHER IR C, (0 SREEAEW T I C,.. (0
Z 1
C.(»
Cov

Ck) =

(6)

=1-+0. 56” +20sin(wt) —0. 56 cos (2wt )

+UZ [R(2,) cosCmat) +F (1, ) sin(wt) ]

m=1

D)
C,.C, M, &AL NI RE, Strangfeld 1
¥ C, I 5 PEAE S 8 TZ IS (m = 8) #8751, 1Y
PR IR AR 15 Wi(n > 15) Ja i, HiR2/h T
106,
4 Greenberg B8, SEEHANREC (D 5
EWTFIREC,,, ZHH.

C, ()
Cl..cr

—(140.56°F(&) ) +6 (1+F)) sin(wt)

+0(0.5k +G(R)) cos(wr)
4 0. 56 Gsin (2wt ) — 0. 56* F (k) cos (2wt )
(8)
Hit F(b) =R[CR] Al Gb) =J[CR)] R %R
(6) Theodorsen PREL C(nk) BYIFR 5 HEH . Isaacs
SRV A /AN W2 NE VR D = I 5 e N 2 T}
Greenberg 115 Y 75 B2 %) B b 47 Ml v DA 75 2] f
M f# . Greenberg 155 R 25 i 19 9F & % J1 1 R 2K
C.(» HEWHNHEREC,.. ZHH.

Cé':'(” — —haocos(wt) + (1+2a) [140.56°F

+o (14 F) sin(wt) + oGcos(wt)
+ 0. 56°Gsin (2wt ) — 0. 56° Fcos (2wt ) ]
(9)
A a 2O 0 SRR B R BB . TR ] e 4
KRR S, A T3 AP 43 22— 5% K 04 o BRUA
T Az, B R BGE Y 00, serp
JIEAT 73 R 855G T 3L R i S DU
Kl 1 24 Iscaacs fll Greenberg F BRI B8, HoA
SCZk N Tsaacs BEAUZE L, B2k N Greenberg #1745
R, Tk FH I R2E, £ 2S5 R, Greenberg
N A IAR RS 5 s RS T . (H R AER IR
A7 5 4 3 - A I S AT 5 SRR

2.5¢
----- Greenberg
20F — Isaacs
= 1.5
Q\;
© 10
0.5
0 1
o 1 2 3 4 5 6 7
wt
(a) Lift coefficient
2.5
- - - Greenberg
20F — Isaacs
2 1.5¢
o
O L0
0.5
0 1 1 1 1 1 1 1
o 1 2 3 4 5 6 7

wt
(b) Moment coefficient

1 Isaacs # 8 5 Greenberg % 8 Lk %
Fig. 1 The comparison of Isaacs’ model and

Greenberg’s model

2 BRZRITEIRE

Isaacs # 5 Greenberg #8551 #) % F A 0] i 45
TSR . AT SRS Y B, AR SO
KA E BB AR . 43 5 5 5 T SRR ECh 0.0326,
0.1.0.2 F 0.3 B, WK 2°M SHHEM, HibH
HECH 0. 0326 JT LK Strangfeld S22 (3K 7 4
PF. PR R A HUNS3D #2 5100, il i 3 4 % H
AUSM " —up ¥, AUSM ™ ~up # = 78 I ik 5 e
AICHE AT LGRS 20 i S5CPE RS 2L e I R R R
F SA BEERITST . Reynolds 200 Re=2.5X10°, I[A]
MR RS ] 25 g5 e, o B Uik AR D LU-
SGS ik, HHRH 2 4E A%, A X BN,
mE 2 Fis,

TEW 1) 51 77 ) R 40 R 3 EZ K, D
S S N5 B o 1 v A = P = L R ]
E B R T, R MR A S AOEE, LR
PO 1 5 WS T2 33 10 R0 (A A R iE Y
T 37 RE A5 AR R T JEE 1 AR AR A T R, kS A R
FEMERMIRZE . A H G s, LR R R] Y 22 £k
AR (1), (1) o=0.5 5 Strangfeld %5 B9 5E
PR IR AE R sw=14. 72 X 10° ¥ #f£ Strangfeld



96 = KB

% 35 &

Y SE e B k=0, 0074 133,

(a) Mesh for calculation of the whole domain

3 i,

77
— i

Rl &
2 N\ i ///////5/;,///"
R /z//",
1 S 7
N 0
22
52277
b
.
DY

§\\

Y
N

(b) Zoom-in of the mesh near the foil
B2 @A It EXIEME
Fig.2 Mesh for the angle of attack at 8°
T R RS S SR A R s A SR AR
XF SR i R A 0. 0326 38 ff S 8° Y E R I L i AT
R, R SR, B3 hEMERmTI R
B, Wi it B s s R, moSimes R, 1
SR AR N R E B S S B . TR
Gk, TREAFRN TN RS L. AT %
EREFIR G AL TRy TS u B AR R, (H 22 B 1
WRELHE N .
30

25E e CFD
ook * Exp.
-1.5EF
-1.OF
© -0.5F
0F .
05F

1.0 F

130570702 04 06 08 1.0 12
X

B3 Mach 5 0.0326 HERREENRYSZE I
Fig.3 Comparison of CFD calculation and the experiment of

Strangfeld on the pressure coefficient

3 EEBRSKINAFESN

3.1 HEB5HERE
J T W E AR T AR AR E R R A R, Kt e

BT IR C, I REC, 75545 0. 0326
WSS e AT 7L, N TSR, T
RECREFHREM T H—b., dEEFITENE R
RESE B, A T IH RIS 30 I 46 R0 % 158 19 52 i
S5 3R g RS A A R B R s . & 41 5
SCZk N Tsaacs PRI S5, M4 N Greenberg [
R, S RE PR SR, S0 B S A Strangfeld
SR ST R S b R ) A B A2 B R TR
ma, B RK B ST BN S I B ) A U A
70 52 W, Strangfeld XT S22 W AT T 2 By
Fourier BRI E . B W 452k A Strangfeld 15 /)
4

Bl 4 BT R28C, o e 2780 8T A iy, T &
BRI AR etk C &R . T A B Y 45 R AR IR
W vy T RN B e, 7 TR N I T ) R RO/ A
X . 302 i TR B iR AL 0. 0326 I sh HoA 55 Al
FE4iPE . AT RE AR b T B — B[R] A% i 3 32 R R
i

KIS WA C, . HERTERRBE, 5
Bl 4 S EIRF  RBCE AL, AR R
T 2R B0 P R o TR SO AR (HR AR TR S
TE S k%L 0. 0326 BF, THEAREI AR EH F 1 RELC
IR C, W& TR SR, M, (H
B 25 /N T Vo0, W R R TR ) LAY 43 BT RS R EEOK

25r e CFD
o Isaacs
20k N T Greenberg
Exp.

wlt
(a) Angle of attack is 2°

25¢ Ssseseses CFD
S Isaacs
20k S T Greenberg
’ \. - Exp.
«\\ .
N - Fitted
3 1.5F \\.
O \\‘
SR
0.5
0O 1 2 3 4 5 6

wt

(b) Angle of attack is 8°

B4 Sfk#EH 0.0326 HAFNRHY
Fig. 4 Lift coefficient at Mach number 0. 0326



51 A RARMRIR R W4 1F T 3R % # U 0 BT 548 L5 55 T R 4 1 48 1 97

TR R AR ) ) TSR AR SRR KRR R0 T

0.2 i1 0. 3 . 52T T4 Bk BCHE 5 % T ) R B B0

25 o CFD
2 Isaacs
20 TN - Greenberg
Exp.
515 Fitted
o
O 10
0.5
0 1 1 ]
0 1 2 3 4 5 6
wt
(a) Angle of attack is 2°
2.5 r o CFD
r Isaacs
20F N\ " Greenberg
[ E?(p.
115 - Fitted
S
O 10§
0.5F
0 L 1 1 I

wt

(b) Angle of attack is 8°

B 5 D#kEH 0.0326 A NERS
Fig. 5 Moment coefficient at Mach number 0. 0326

R ECONT 0.3 B, JE BRSNS AT R 4R 30 .
TEEWIRET . DR 0. 1,0.2.0.3 BT+ 1 &%
5Ok ECk 0.0326 BHAHTE . & 6 R I i IF 5% Bk
St T+ ) ZR BRI R AR Ak . T P AR T SRR O.
0326,0.1,0.2,0. 3 BrAEE % F+ 1 RE 5 Tsaacs,
Greenberg BERIAg 22 5], Kl 6 () I MM 2°; &l 6
(DRI AN 8, T 4 DB mibt, 5250 09 51
ANHEH, TUAK L8 5 BT . bE S
R TR, AR W TE ) R B B i s T
FHAE BT e, i X T o K S ik 0. 3 B 5 R
1 22 1 e Kk

ik gCE AL, MRS TR I R, B 7
Shy Sk B B OF % R Bl B T ) AR BRE e ] Y AR Ak . Bl
& SHREC TR, D FR B R R Y 2 ) T 4
HARE R ST R B . 7E R R D #k % 0. 3 1
ZEIRE A, % T AE R B T KR, 22 00 de B R 7
AT 3R BE e R A B ot =7r/2, TR T3 B e /N 1Y
B s wr = 37/2 B, 3R AR 5 51 54T B ) R
M .

BT S AR 2 R Y R AR I O T T
FECIVERBCRA T WS T A REC

REAEH — A6, BTLAE 6 S5 & 7 v Bk 5]

AP EI AT BE SN 71— AR E W T ) R R RO R
3.5/ —-- Ma=0.0326
; o~ e Ma=0.1
3.0F /N ——Ma=02
s /o~ \ ===-Ma=0.3
2.5¢ - Y — Isaacs
Pook 75N \ i - - - Greenberg
Sy 4 2\
U LSE @

10
05} -
0 L 1 1 1 1 1 1

(a) Angle of attack is 2°

3sp e Ma=0.0326
5 Sy
3.0F N ——Ma=02
: \ - Ma=0.3
23 3 \ \'-\ —— Isaacs

Z20f
G 15
1.of
0.5

\\ i - - - Greenberg
%

(b) Angle of attack is 8°

6 AEDHEBIANRELE
Fig. 6 Lift coefficient of different Mach numbers

35F - Ma=0.0326
ST e Ma=0.1

WE N == Ma02
25E J \ - Ma=0.3
B F . \\\'\__ [saacs
£20F i \ 4= = - Greenberg
QN Foos \b‘g\\'\
U: 1.5 : 74

1.0
0.5 F

0:‘ P IR BRI | L 1L I

(a) Angle of attack is 2°

S . Ma=0.0326
/N s Ma=0. 1
MO ./"/ N ——Ma=0.2
2.5
9E’ 2.0
o L5
1.0
0.5 )
0 L 1 L L ! N
wt

(b) Angle of attack is 8°
E7 AESHBHERBLER

Fig.7 Moment coefficient of different Mach numbers



98 = KB

71

EE N %35 &

b, WATREZ 73 B— W I+ 1 I R A2 Ak,
Kl 8 MTEE R IEN T S#k%ECHh 0. 1,0.2 F1 0.3 1Y
FH 1 5B R2ECS SikEch 0. 0326 M OLAH L. &
hHIERARFHTEBZ L, —ARERNEREZ
. SLLEEERD AR 2°HEE. 20 IERR
AN 8THYTE I .

1.05¢
8 u g a=2
3 I 0C,a=8° A
ERRC] e B
@) acC ,0=8
=, 1.03F m n
Z o
D_
© 1L02F
2 A
21.01F 8
=5 1.00F 0
L; A
099 01 02 03 04
Ma

B8 TEERNARAIHEANRHR . NERH
5054%0.0326 H&ENEH =L

Fig.8 The rate of steady moment and lift coefficients at Mach

number 0.1, 0.2, 0.3 over those at Mach number 0. 0326

ME R LUE H, BEAE SR B o, T &
WS R BE AR 55BN 0. 0326 I Ay 22
BB R, AHRBEELE 50 LA, AT LA
AAAE . WL T ) RECS ) R A WG BT Rl
A SRR G IR A RN 18 6 AN 7 h AT
R O R ECS 1 R 2 E B TR R
W .

R Isaacs MFS, EEHE W =EWA NS
B2 P R AR G

Lwt) =pu(wt ) I'(wt) +

0 %Jij/?}’,, (xswt) (0.5¢c—zx)dx (10)

K Llwt) HAEERFTI, D HEGERAR IR, 7, N
Z 2RI 2 (bound vorticity sheet), ¢ S 3 8 1 7%
K, TIsaacs B HY 5 Greenberg B % (8 T 3 i
5 ER 5 5Z2 B FE € ON R . AN A R 46 U 3
BN %5 BE A 8O Bl T ) A2 A T s . AE AR
SCHRBCE T A 3 28 b 25 B Ak Dy T ) iy 28
A DT 3K Bl i 75 v R K A AR AR . Y P T AR Y AT
FE4 ey, TRy 2 g | B % B i 28 4k . AR 3,
A B R B AR A, gl R TR R LA T
Ak, TR AT AE A H R R AR AR A, (10) 5K
PR B ORI AR A ] YOG R, JT X Tsaacs AYAR
B Y Greenberg YR JEAT By ik K28 b 5 | L % i A8
FRREIE . fdH BE 8 B b R it bk BO0) AE 5 T
EX gl AN

3.2 P[AESHMEEE

ik, 559 01 46 5 AN v] R 4 1Y 3 5 5 i 1 3 4
[6], W] LI A Isaacs BY, Greenberg # Bl 4, 55 7]
FEAE A AR T (10D w1y %% BE I, AN AT HR 4 i
S LRI A H S Ly s 55 R R 4R R R 1S
FWFA A L, R QO X[ R HEZ L R(wt)
BRI

_ LCwt) _ plwt)
R(wt)iLl(a)t) 0=

X p b 55 0] 46 S F A O Bh B . R R 45 R
W% R REE o .
VBB o R RS 4, — B AT MR TR oo
— A AT M B AR o, B o=p 40,
10 g wiR sy . — A kR po s —
W sh g RS2 p" s W p=p. +p" . 1E
PR AR T A R 40 & Bernoulli EF, 24 5k
BONT 0.3 BF, 2 H WS U AN TSR, BE Y
FE S Mk sh i 9 h
1 2
5o
NG AR LR, 51 AR AL p" 5ok E
J1p- WHAE, A ESRIELR o=/ RT, KA
PN AR R, RERWE T po 15
Py e (et vy
Do 2 pe a’ = 2
A3 Ma Sy A Uit o 20, R /N B Bf 1] 76 3
S Vi T B Ma B ST ASCTRT A R 3, R I 5 R 399 A0 ok
TEHE AR A (1) R M Ma = Ma [1 +osin(wt)]
7/2 R HB AE R AT LI LR Bk W ROR
K AR R SR R R, e T PO (13)
25 A (14) .
;{K@}?ﬂMw
PG (12) . Widy b 5 BB H A, XTS5
T AR5 0k e T 22 L 45 T AR b 5 ok
T B A AR

an

p o~ (12)

(13

(14

Po_p o PP (P ) (15)

Do P Do Do
P25 P R s 2 1 155

L _e (16)

P (2=

AR RE D 5% ECRAA6), RAKLADHH
.
fi _ (o= +IO/) KMa?
p,): ‘OL—A;
ALEEE R

an



51 A RARMRIR R W4 1F T 3R % # U 0 BT 548 L5 55 T R 4 1 48 1 99

o _ KMa®
o~ 1 —KMa*

B QLW e 1, R ARX QD ., 53
FE SRR A ) R R LR -

LCwt) _ 1
Li(wt) 1— KMa*

HTANRECIA N ESFH R SRRz, 55
AT 45 B 5 AN AT e 4 B i 1 275 TH R K U Bl R A
[, Fr AR 3E 3 (19) Isaacs, Greenberg £ #Y i il fY
T ZRECL SiERANT IR C, ARFREA

C
QJ:%fﬂ«w>:1—éMf
R T GRRIAE LR, R 20 8T H T 35 R
P BB Ma 4 0.0326.0.1.0.2 F1 0. 3 550 F 15 5
BT 71 R B 18 LA (20) R(wt) , #4840
BIEXRRRXAM. XRRX RGw) FIWARES K 7T LI
RN TR E], Y K =1. 8 BT & A E Bk T
iR Ma (91500, S ERNR Z BN, B9 ()
M) ANTH REGE B IEME R, 5KEIENE
BUAHEE s FEOR I S R BT = R R, B E N T
TRAE IR 25 . 7 D BRI S B E C ot =37/2), BIR
S RAGE A5 I X A AR L 7R R A
BRI Cot = m/2), B IE W/ T8 T 22
Bl AEAF IR 22 AE5 Y LA A iR ] LLE B

(18

R(wt) = 19

20

350 —-- Ma=0.0326
Ma=0.1
3.0F Ma=0.2
—==Ma=0.3
F —— Isaacs

Sk - - - Greenberg

C/HC, R(w)
= M N
Wi (=) W

S —
w O

(=]

(a) Angle of attack is 2°

350 e Ma=0.0326
o Ma=0). 1
3.0F — — Ma=0.2
——m Ma=0.3
2 2.5F —— Isaacs
3 S~ - - Greenberg
n:; 2.0 .
U1
S o
0.5
%1 2 3 4 5 6

wl
(b) Angle of attack is 8°
9 ANRYERMEMEIE
Fig. 9 Compressibility correction of the

Isaacs’ and Greenberg’s model

Yok i SRR T AIOLIZ I . X R Bk T
o (A A R S, A I 3 8 A 2 B A I )
AREMS AL T BN FLR b R R I AN T TR 4
R A A S e B B b AL 0

Ty R R R 35 R B SR AR ARy R AT
5 55 7T 1 246 17 20 3 2R R A I 49 Ak AR RO I
WL W R B2 S TR 2 . R a5) 55X
AL, AR5l AR R D Z W% T h 2
e RCwt) .

i:R(wl‘,) (21)
P
A1 Z R
Co b1
C,,I.I_j)w Rlwt) 1*KMLL2 (22)

3 £ S 200 87N SR Al 0. 0326,0. 1,0, 2 F
0. 31EHL T 15 2/ 7 5 & 8% DL (20) R(wt) 15 %)
K10, R(wt) TR K FRFER K =1.8. 5T+
FRECIE DA A A& 1E 0 15 00 0 2 808 ki i 5 A
I 2ZELE 5% LI .

35¢ == Ma=0.0326
F ~ Ma=0.1
3.0F Ma=0.2
I~ [ —==Ma=0.3
3 25F o — Isaacs
Z 5ok PR, ~ - Greenberg
N SN
g 15} \\\‘
MY
0.5F
% 1T 2 3 4 5 6
wt
(a) Angle of attack is 2°
e Ma=0.0326
......... Ma:O‘l
3.0F ——Ma=0.2
—omm Ma=0.3
5N 25¢ ) —— Isaacs
S Zix. - - - Greenberg
& 2.0 N
O 15
O o0l
0.5
%1 2 3 4 5 6

(b) Angle of attack is 8°
10 NEFRBAIESHEEIE
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