134-126 yoyo <2 o )loab 17 093 1396 ulnggs Sl ()30 il (w3 dlxo

a9y el doliale

|

= -
= . =
< - = a2 =
O 30 Sl (wiigo S8 E
Van\=
mme.modares.ac.ir ;',-.:-;_";a!f//f:

$39e (83l o5 4 3 FOT Bob g 1 SDT003 Jy g3 508 (Sly (2151

i s B s Solad yael K gdal aaal

Ol e oy (Sl puwdige eyl i) -1
O ey ol (SlSn puigee yluils ~2
O ey ol (SKla iz okl =3
chini@ut.ac.ir 1417613131 wy oo o)lpas #

sASs dlis SleYlb!

Jobo 3 b3 cul ooy s sl D3 Sl 398 shaw 59 2 Sl 93l ol 53 lagglgenl 3529 9 o8 (Paw (5551 cleay 135:5 “’;;”’ iu‘
& =i . . s wedlys
w2 500 um b slgs o 52,500 38 gsbaw (sl Jg el 320l diz 393> )3 (i3ad Jsbo Jgeme ggbaw (sl 29 on o3l sl 354 e ’

e : - , 1395 3121 : bl
)5 o Sl 398 e IS Vgens Sl (pl 53 wcunld 00 plonil by 5955 2 ol Sl g G553 Jsb 5y 2 ol Slllae sy 1395 ey 19 rcgls 5 )

50 o g9y p bl £S5 ol 9y p Pt s Slalllas (Jg a3l ke Wl e e oy, At >l 8L Gl Ol 4l

@38 Sygosy dlis cpl 3 35 o iy s o (Giabe G0l 2925 4 IS 5) e )L (L3S g o 4 (1o b a5L0) S g5

ws S b5 Loded g il w515 el pbys onl ond aslyyy Gilisce (slajiln, 1> SD7003 igdshen (350 Job il oy & hborkn

by 99 )3 Ly Gy 5 LB s oy G5 b @l ol 00 5l 10 €M g Jsbo b pgrtsosll i 51 JugBgyiem 9 0 L‘”“""”

Slise e IS Jyans ghaw & Copu Ly s 3 s G b Slos aslie (S00S5BS s e S

& 45X 10% 5l iy, Gl b gdie 35 ol jalyzy 2t LI L Ly capd S B9 e byd IS5l e
esyeo T 4,0.7% )Ly gy L0lS 50 pm Lol Jobo 3 7.5 X 10%

Effect of Superhydrophobic Surface on Drag Coefficient of SD7003 Foil: A

Numerical Approach

Ebrahim Najafi, Amir Nejat, Seyed Farshid Chini*

Department of Mechanical Engineering, University of Tehran, Tehran, Iran

*P.0.B. 1417613131, Tehran, Iran, chini@ut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Due to low surface energy and hierarchical roughness, fluids on superhydrophobic surfaces are mobile.

Received 19 October 2016 The slip velocity on these surfaces is formulated using Navier’s slip length. On regular surfaces, slip
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- ’ length is only a few nano-meters. On superhydrophobic surfaces, slip length can be as large as 500 pm.
Available Online 07 February 2017

Literature studies usually make the entire surface superhydrophobic which may not be the optimum

K - situation. To find the desirable regions, the problem should be analyzed numerically. Most of the

eywords: N . . .

Superhydrophobic numerical studies are for flat plates. On curved surfaces (e.g. foils), due to the adverse pressure gradient

Hydrofoil and possibility of separation, analysis is more complicated. Here, the effect of using superhydrophobic

SDlr_aglcostffhiCient surface for a SD7003 hydrofoil is studied numerically and at different Reynolds numbers and slip
ip len

lengths. The flow pattern is considered laminar, incompressible and isothermal and a hydrofoil made of
aluminum with a chord length of 10cm is selected. Results of the shear stress, pressure coefficient and
the drag coefficient on the typical boundary condition were compared with the case of slip boundary
condition. It was found that by increasing the slip length, the drag coefficient decreases. It was also
found that the effectiveness of using superhydrophobic surfaces in decreasing the drag coefficient
improves at higher Reynolds numbers. By increasing the Reynolds number from 4.5 x 10* to 7.5 X
10* and at the slip length of 50 um, the drag coefficient reduction increases from 0.7% to 7%.
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Fig. 3 Drop position on a rough surface is shown in two possible states
(a) Wenzel state, (b) Cassie-Baxter state
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Fig. 1 A water drop on a solid surface is shown where the surface is (a)
hydrophilic, (b) hydrophobic, and (c) superhydrophobic.
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Table 2 The effect of slip length on the drag coefficient at Reynolds of
6x10* and angle of attack of zero.
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Fig . 13 The effect of Reynolds number on friction drag coefficient at
angle of attack of zero for the top portion of a SD7003 foil. (a) No-slip,
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Fig. 11 Velocity vector near the surface at slip lengths of 50 um at
Reynolds of 6 x10* and angle of attack of zero
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