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NUMERICAL SIMULATION OF A TRANSONIC AIRFOIL IN THE CLOUD WITH THE DROPLET-LADEN
INVISCID AIR FLOW MODEL

G.S. Yeom, K.S. Chang and S.W. Baek

In this paper, the problem of transonic aerodynamic characteristics of a NACA0012 airfoil is
numerically investigated in the inviscid gas-droplet two-phase flow with the compressible two-fluid model.
In the present study, the airfoil flight in the cloud is simulated by taking account of the viscous drag of
the droplets, the heat transfer, the phase change, and the droplet fragmentation. The two-fluid equation
system is solved by the fractional-step method and the WAF-HLL scheme. The effects of size and volume
fraction of the droplets on the flow characteristics of the airfoil in the cloud are elaborated and

discussed.

Keywords: 1%4]-7]4] &% (Droplte-Laden Gas Flow);
Scheme); NACAQ012 ol o] L (NACA0012 Airfoil)

LM E

n&e ML 7E B e S8 v A v
7] 99 fre B THEAAS A9 wE el sk
WHHoR g% AAE W] Aol A TS
TR Aow A AE). sVl dAE QL ol e
2 ojxef of2] dyabEe] o8l gol Arkse] g F
A Al gk A7t dimelth Al AR &
o T7IEe] A Ads] BEe], ow AHe] A
A, sl vgsl S S 28 B @il 9l o
= ZAFs7t 433 of

[}
o] <l (pulse detonation engine), 5
A Bol ATE AL Qith o

1 A3, dae)6d FeeTaen
2 FNIY, BN &Y FESFEGY
3 BEHPeq LAY

* TEL : 042) 350-3711
* Corresponding author E-mail: kschang@kaist.ac.kr

o] -4 =&l (Two-Fluid Model); WAF-HLL 7]'¥(WAF-HLL

2d2] % wedld Eulerian-Eulerian Z@[3]0] 7]Wksla

| Tz oAt fgahe, 1 -S89
ATolME A oAl RE R o
*}ﬁo}‘ﬁ 2 W9 g7)-AH oRE X%
AEE oo XA s Mot ol& F3f 75 £5 ¥

e EEXEECEEEEES BE SR LT

)
2 M
R ic4

jus)

£
i
e )
oX, Nio

;

o

o=
o
-

2. X|ufeEA

6ag aag
—+]—=5, 1)
ot or  ox ox oy



292 MI1ZHET (27¢ 3)
|

[ 21718 1
Q0 QyPyly
a QP
ocgpgug aypf]u?] + agpg
Py apu} +ap,
U=l app, |, F= QgPglgVy
xPY Qpu,
.k, agpgug sy +agugp,
aply app B+ aup,
N wlV,
QgPylyg 0
P; 0
a!]p!]ugvg _pl
az@zuzvl P
G= aypyZy +aypy , H= 8 1=
Py T oy i
—p'u
agp!]ng;] + ag'ngg g)ui
py+app, P 0
UiV
M
- M
D, + u'M
—D,—u'M
S= D,+ UZM
-D,— v' M
Q+u'D,+v'D,+ H'M
- Q- uDI—ULDy HM
N,

A7 o€ 71EE, pe
[e)

u
FoIA, pi e, N 4He) s e,

NzANE M
A Oil%}JJ N, & hel

r1o
it
Y,
2
o

2~ [ [e]
E5 ul‘—‘:‘ 5o mdas
) a,0u0,p,
i g Pgll
p

PV, + iy

APy tap,

A3t 7|AE gEdes AFEY gt 2

F2- stiffened-gas

B oHjel &g Feiat A3t 714 Ajole] FHBe T
o Aoz waHh
1
D=-gmd Cpp,(u, —w)lu, —w], )
mdu,C, N
Q=—7p5"—(5-1). ©)

AHo] FYol 9all AFA BAHEE AHo] Hsphere) el
2hal 7Pske], AA o) AAdEkS v} o] ek

714 d 4 A A5 ARE e L
AN —1—1 o] ¢hds]l TEE= H Age Al UERTH
At 2 Pilch & Erdman[4]2] A4 A4S ARl W
S(critical Weber number)2] ¥=2 th&-3} Zo] HF.

r1r
2
o
A

0B for WET < We < 18

for 18 < We < 45

6(we—me’)”
At |245( e — ")
— =1 14.1(me— me) " for45 < We < 351

t
0.766( e — W)™ for 351 < We < 2670
5.5 for 2670 < Ve

25
0.25

0.25

®)

AN En B9

& ARl ARE el et Ak A Ee]

}6}#%0 5, G70e] wSzte 1%, AH o] =7]E 100 pm,
7188 0.01~1%.

Fig. 12 7]8&°] 0.1%4w Axd 7174, viets, o
2] PrJ]HL HAe] F7)15 HolErh A nkel 1
HollA & 5= ol @7 Fol9 F4ubrt 3ds] ehistAl
Hekgieh 3 Y] A Gl eHRel JFHo 9

T
o A7)7F A8 ek A o F
Fig. 2v= 7] 9449 FIuE 001~1%= $spA7|HA
714 gEE A AAE & 71ANe] fs A3 vl
& agolrh. 4] FH7E 001%d Al fed
& 71Ae] frEah vas] B Apo|zk A gRA|NE Fujn
7H %= S7PEEA G #9190 FATR: 9ds] Ak <)
gotE 2AEE RS B 5 glrk

-

— —



SR AALEA 351

Fig. 1. For d =100 um, o; = 0.1%), calculated gas pressure, gas

Mach number, droplet volume fraction, and droplet diameter
contours for an air-droplet two-phase flow over an airfoil.

Fig. 2. Calculated gas pressure contours for ;=0.01, 0.1, and 1%,
compared with the result of the gas-only flow.
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Fig. 3. Lift and drag coefficients vs. initial droplet volume fraction.
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