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Abstract

A Navier-Stokes code based on a unstructured finite volume method is used to simulate the MIT

flapping foil experiment. A low Reynolds number k&— & turbulence model is used to close the
Reynolds averaged Navier-Stokes equations. Computations are carried out for a domain involving
two flapping foils and a downstream hydrofoil. The computational domain is meshed with
unstructured quadrilateral elements, partly structured. Numerical solutions show good agreement with
experiment. Unsteadiness inside boundary layer is entrained when a unsteady vortex impinge on the
blade surface. It showes that local peak value inside the boundary layer and also local minimum
near the edge of boundary layer as it developes along the blade surface. The unsteadiness inside the
boundary layer is almost isolated from the free stream unsteadiness and being convected at local
boundary layer speed, less than the free stream value.
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Fig. 1 Schematic diagram of MIT flapping foil

experiment
M Eo] MLt #2844 Navier-Stokes Z=&
Azsed AHEE bl ok & 59 1993d9
/HA " Office of Naval Research (ONR)/MIT
Unsteady Flow ]34foiA= Agdolelet o)
AH(blind test)o 2 d& FXHE AE=UA H
2 2AE v gtk Paterson$Pe 37kA A=
e are Axgde £ M2 vla §
A Ax A-e AAZAL AHgsd 2& A
9 £AHE A& 7 YT FAAUAYL, =
E A AP A2 zolg BAYTh
Taylor$“@& 713t%4 Navier-StokesZ =9} t
ZFEE 71¥e A8y Y@ £AHHE AR
AT AYPANgEs A Aolg EA. F
AN Q72 HF FeAE AIde FJ29
HAdvol FHdte] Lakshminarayana 2L
AFgo] ¥ Navier-Stokes F otV o]
B 3Fo AR £FYULE AGIGA TF
A7l A8xE HAnterpolation)dtd ¥+ 7
Azdez A3z, £Xde AL L2 o}
Uz uAdY F£A89 HudAxE ¥ 4d4AE
o

FH, B AFA F5S 24 ade = FA
A A M natural), VA (forced), 28 A E
g o 3(interacting) WAY &% T A7HA
2 BHFd of FoM B AFdA dFuH
e MIT 8% 48 BAE 4% 489 3577
35 g Fr9EAH EAd wxe Fg
78 Aol E AFE HEIIAAANY A3
=09 A5 zLd 9 F(interacting) Bl A &

Aol g A A7 x7) 9F ZAIHE,
A7 7 Jfetgt vl A4 Navier- Stokes TS
AP L AFHog AFHHY A 453
o 93 ALY /% S4E AAG dHERE
9 2 53e 3 v

2 AFdAe AA 2¥AT%N4 Aud
vlga v)gtEA Navier-Stokes ZE H|AA &
T HAPst=E FAH MIT 4ol
of 88 BuA o o] Navier-Stokes ZE
AT ARAE AL vYEY /ERS
st 53, FFYAAL QUICKYE ez
2Aste £ AYEE PN Aol §A
olnj, At E84E EF Euler o)zt % A&
¥ (2nd order Euler backward differencing)g A}
48 =3, 283 4IPS BAE Y8 o
g Foo 4R Azle AT ZHol we F
3 A a5 £X8 71HE AR

oo o rfr Jm

2. XuiEZ Y

B dFo A8 AuiAAL x-y AR FHE
A9 2x+4 ¥]gtE A Navier-StokesHM A 2] o
2 e 4 (1), 2) 283 (e FTFY F
At

sz

du , ,Ou, Ou_09x du_ 9y du

¢ ox dy 0t dx 3t dy
=18y Tyt m

A7 wt veE ZAZ 2% yIF SEAQEC
, pE HEg 2893 yuv SHEAAFE
Veg=v+v,olth. vt vE 42 FA9 T34
A4 (kinematic  viscosity)s}  9HH A3 A5 (eddy
viscosity)ol i, S+@B A A4+ Chiend A deolx:
24 dead”z 7.

2

+5-=0 (3

—134 -



3. HREY

dEAY A Holegzxs dHEDY FHud
Chiens] ¢#227e g9 4 @ G A
g9 FEEAGALAATL HRLFAUA &
AguAANo 2 RE QHAAS(eddy viscosity)
g T
. duk oxk

ok 9%k 1 . d M Ok
ot t o, "ot T o an L 505y, ]
du; du; ., du;
tuld5 5550 4
#d 0x; Bxf)ax; €

e duie  OxEe _ 1 3 He\ Ok
ot T ax, ~ ot oot ) %y,

du; . du; . du, 2
Fheand gy + 505~ Calry  ®

rir

AN wie x(i=1,204%e BT84 &

o
GFEFAIANE & £24&E 7HEdY $F

2
HASE p=pCt 2 280, J8 da 7
A Rdass dee ted 2o,
C,=0.09, Cu=1.35, C,=1.8, ;=10
0c=1.3, =10, f,=1.0—e 0"

fy=1.0~0.22¢ ~Rel® 6)

4. SxIBY Y

4.1 $xR[siH 2+

2 =FAdA AEE FAHY Pyd e A
A HEe ZuEd Bl 2 A= deH,
A7l FRAHE Fote AHF L THNA H
3 oE Zo.

() $E4E, A E 283 ¥F S3AF
& M8 En.
(b) e gesryg 2488 #3800

-135-

(© A&WAAS FAse de FAYPHos
3H gEe £AE

@ #3 B (@A T& SEEH AL
dgt 288 AX Yo UF AYYALE

FAs L #A (b)E HEorh

el A (a)-(e)= A9 A FEA U3
o H&se, 3 (A FHEFL WEAY
B EEARY 4HY Hyasst 107w 7
< WE 7|Eo2 HU

4.2 olEAX 71Y

AE 8% 4% £32 AR BAE] 9
# 2% 98 0-¥ Ax2 FHT F 9y
A £5HES 390 Fig 2-@e 99 A
2 43 Tha Aol BRE 9 AT HAMe
ARE FAol 1Y aYolth agolN WML
Az holA el ARE UL A polAe 7
AE AT 2PN 4R + 9o, olF
Az nq Axe FANNE A A 2
A ololM AXNME HET WA A 4ol
AE Fig. 2-(09) 22 who} o] o5 AAZ

(a) grid movement

o Vool

UM
n,"'l,' a0

e

CeEEE

it

Pk
IR
\\)/“"\)‘,\:Q‘\‘

“a
s
Y

‘ﬂ
o i
=2
&

oY

(b) gri

o,

at time t=t;

Fig. 2 Moving grid



Fig. 3 Computational domain and grid
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Fig. 4 Accuracy of numerical solution
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Fig. 5 Comparison of Cp distributions
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(a) inlet boundary

{b) top boundary

{c) bottom boundary
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Fig. 6 Comparison of the first harmonics of the axial velocity components

on the measurement box boundaries (o : experiment, ——- : present)
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Fig. 7 Magnitude of the first harmonics of the velocity profiles at several axial Jocations along
the suction surface of the hydrofoil (o: experiment, —— : present)
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(a) x/C=0.388 (b) x/C=0.612
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Fig. 8 Phase angle distributions of the first harmonics of the velocity profiles at several axial
locations along the suction surface of the hydrofoil (o : experiment, —— : present)
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(a) experiment at x/C=0.612
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