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Drag-reducing Property of Super-hydrophobic Material Based on Numer-
ical Simulation
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ABSTRACT: The work aims to study the drag-reducing property of super-hydrophobic material to propose an accurate and re-
liable numerical simulation method. A 3-D model of ship made of super-hydrophobic material was built for the numerical simu-
lation of viscous flow around the ship in considering free surface. Because the contact angle was an important parameter to eva-
luate super-hydrophobic property of the material, the change in corresponding resistance values was studied by changing the
surface contact angle. The accuracy of study on drag-reducing property of super-hydrophobic material was verified with such
model and method by integrating theoretical calculation, numerical simulation and experimental study. With the increase in sur-
face contact angle, the resistance applied on the ship was reduced. The resistance of ship made of super-hydrophobic material
was reduced by 41% compared to that made of hydrophilic material and by 24% as to the ship made of general hydrophobic
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material. The amount of resistance of ship model obtained in the simulation was basically consistent with theoretical calculation
and experiment results and the errors were respectively within 4.6% and 8%. Through the study on the drag-reducing property of
super-hydrophobic material based on the ship model, an effective research method is proposed based on numerical simulation to

provide certain guidance for researches on other properties of super-hydrophobic material.

KEY WORDS: super-hydrophobic material; drag-reducing property; ship model; contact angle; Fluent

BB K AR FE R S AT S ALl 254, B
BRARF I RE DA R, Bk AR A FE
WAy Y o v v B VR D7 45 vk g ) B
fg, BT Tk ARk DL [ B 55 5 TH o
Ly Barthlott #11 Neinhuis $2 H [ 9% 5 b i 47 i il
S BRI PR K R T, R AT & T RHE TAE NG
TRZ M B B 7K M AR R 48R o 68 5 7K 3% T 11 ik BEL
R P R — O R R Y TR A L T ¢ i i AE O
Watanabe % APV SE I T 6 gk 26 R TR
RIS BH AIF T, 76 ELA HEE /K P RE ) (3] 48 IR 52 56
WFFE S 3] T 14%H9 % . Ou 2 A\ MO e
SN R 7 0 TR Ak 2 T ol 3 5L A TORE 45 44 19 8
KT, 38 A S0 A5 I R K 3R 1w nT DA Gk )
30%~40% 14 Y BEL AR o

THERAE 1% (CFD ) BUEBL A ke R
SCYRAE ST (AT B F B, X T IR RS AR AT BT AN Y
WEE, B AT 22 1 B A 8L 0y 7 N
FH 2168 7 7K 2% T B 235 4 1 3 ek B B F 9T .
Zhao 2DV BB R0 04 75 1 ST T LA IOW 45
F4) A R B /K e T B Y, WF ST A [R) i sl 25 0 T i
YR A PH AR . 255 A H, Y48 T BRI,
FE T e KU BH AL AT 35 8.76%, 117 24 v KU =
B, R RUBHACRE A 2.63%, Kim MR H
BEBUEAUT ¥ ( DNS ) X 44 ) 26 1 1) 48 i /K P e
JETF T H5E , 38 3 e0AR 3 0 8 O el i 5 i Ot A A
T B RS I AR IR R 5

AT F EE S G KRR T AR R A T
D RH ST s . W Fluent 84, g7 AR RS =4k
AU, ST R AR R R T A ST s K M RE
TR AIOC R, TS ARBKI SR A5 ST IR, 5
UE T AT 1 I T ARk A 58 1 vl A 5 o

1 & BHEEAARSER

1.1 B ERGEERNET
R A S 56 v SR FH AR IR L B R~ 33 ST A A

B, AR BRI =TT, AR S IR
T, X BT REAS U A AN AT 9 b T AZ 1Y RH
Ho TR B GRS Ry 22 A7 KRR EE A, AfRifb e
AR AN & 1 s o R FHATAL BE#S Gambit #E57
WRRARETR | SR SF Ry 32.5 cmx5.5 cmx4.5 cm, AR
I 208 R A K TR BE R K R = Bk 2.2 em,,

SRR
Fig.1 Starboard of shipmodel

TR AL v 5 B N7 S TR BT A i 3 58 4 o
s, RSN B RASERSY, R AR
A TR A, T AR A ] e g e i A
Ko e B PRAEAS LIRS B2 ST 24 1 55 ik (] 4 2
R, AR s> R 5 AN X, A TR ST RN ]
2 iz AR5 RS 7 0 3 A A 5

Air =

=], v

. 2 1 *
Water ~

3

27 5L
3L TL

a TFFTR T

________

b ST Y = HEas Y

K2 MR RS &
Fig.2 Thecomputational domain of the viscous flow field: a)
the size of computational domain; b) 3D model of the com-
putational domain



a5k F 1l

SR TR - T RCEUASE UL AR 7K A Dok L P RE T - 175 -

BT, KT RGN LRSI, K& L im il h wy
R R, BE A TE T ) 35 A A v 50 T Ay 5% A
Ko &M XMEITRE, ER 1—5 1%
ReERANVTHIE 10 20 3, 3. 5 cm, RgEE N
19.46 J7 o KRB oM EET (wall ), Hf Ut 3 20 il
BEE A R HUE A TR I A T (velocity-
inlet), A& A B E R Coutflow ),

12 RBIRESEMPER

SR FH = 2 RS BESR AR A, B SRR T AR A b 2
FAERIRGE Ll e, R 43 B 0K i an e RS
KA, A VOF BLRIXF A i b T4, s
VRN —AH, K E RS A S A R e
AT R S TR VRO 10°, R TR S EGE
KB m AR, Pk TR B AR k-e
Jitt WAL, BT R I Rg . 1 PISO

LI T R ) s ARG, X TR A PRESTO!,
B AR ] i XU =X, oA 38 B — i
AU 2o AE A ANAT B3 A v i AR SR K RN 28 S
A R] R B 5 56 w0 A5 ) A A R, 15 K A
SIFEEI A 5 mis, Fiok, FEAR v Z 0% 5
XERRAARE T sgme . R AR ik, E ik
RABK A 107 s, URBOREIE N 107°, DIIERHLE
SRR

BEAPLrb el 2 T 0 A5 Ak 2 I B 1) RS E 1Y
AR, WA AR K S AR AN E 3 BT o
FHURET, KA A B RIR B S, AR K
1A SRR P Eh, BEE TR R AR K, A
Wi TR, W TRE . FAE, BT
/N BTS2 O EE SR RHL 1 P 4 B, AR 0A B
KA, B AL E] A3 n, B i Je R 7
0.25 N,

P 3 T 2 A A o
Fig.3 Vapor-liquid interface trends to be stable

0.35¢ ;

0.30+ \\\

0.25F S
=
=~ 0.20f

0.15F

0.10F

0.05F

0 T ) 3 g
tls

B4 /NI 52 B 2 L7 It s ] 174 72 1 il 26

Fig.4 Theslope of the value of frication drag versus time
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Fig.7 Effect of surface contact angle on the friction resistance
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Fig.10 The images of the ship model and sailing experiment: a) the model of untreated ship, b) the model of super-hydrophobic
ship, c) sailing experiment
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