COREE I RN S A

213

BIERRAHFEARERSHFIK

K% A5 o &K

[ =]

#e R,

ERE AL E, T 100084

BRERZEMMAAKTMATEGE AR RE ALk By LRI, BREXERRE

FAURD RRERMETER A RERBEFELRFRAAFRAE . EARAFERANARALEF
K, RREHMEEZY B REEENXRBEAZT AWM. NS EREXRERUENTRALF LR S
TR, AXIRTHEERNZRAMZ MM MER, N T RTH R AL T IR MR KM
FHAEMARERE AN TR R R AHFET LT FANCBR A, RATERERRLR

RAHHETTRL.

[X@EiR] ErX:;xmBi;HEk:;%E;=1b

1 BR R AR B N S g

AR P TN A Bk R A N2 AR AR R T IR
A, Iz ol i T R A Y RE R EOR . SRS
T ALK b B i Bl AR R FE A A A Bk 2 E
SRETINAER 120 &84 b A 20 1/3 BB IR T
T Sl R A AN v AR AR AT A B Ty . A RE R Y R
e MR e B AR DU K W i/ R U T FE R R B 9
Bt A AS KT AT AR S5 AN BB ) R g R, LK
I R SRS MR | A T R R S T R B R R S e
TRERRE G H 25, SRR 1 TR R S
TR B A A SRR A B 10 0 DL, X T3 4R
I BE B AT 4R — A T MR AR S A M R A
SR PUAT IR A T B P YR s A e A A A A B
YIRS 0 10 20 DU A4 AL BRE 2 A 200%
2 Al TR % £ i T i 2R

AR B e 2 7 T T B0 A AN ] R A T o
3 R AR MR . I IRER (1 D 2
3T OGRS RS A AN B L T 2 Ah B R B
A EEON 25 Al M SRR RE A FR IR R
A I 3 R A N BB A R . R 7R
0 MR GE 2 ) R ity b A JR HR VR 22 R R A A L i el A
TR e A | A MR K WA kA X B BRBE K | i
i FfE E 4% 55 CANE 1 B 7R) .

Wi H B :2021-02-27 3 4 1l H 1 :2021-03-12
* JEfFVE# ,Email: luojb@ tsinghua. edu. cn
A2 B EFE [ RFLE ST (5152790 D M BEH) .

HER FAEXFHK. KZFEE THE
#HEm% L, Friccion 2%, KK EH
KR F oty KB AR,

KEBE FEXFEBFAZLLER
FEEHEIHAEL. LT @A ARB
A bR A A B RO AR AL

A A 04 A AR R 8 1 MR 2 1) 1 TV
Bl ATl 22 17 T AT A AR KR AT PR PR | TR
SZMa (K 2), #1355 —
J7 A PERE . SR T R b A 2E A X R 2 fiE A9 2k
B PR SER I XA B b A5 8 24 E X
AP0 ok 254 e A A 4 s o T 52 M) 8 e 28R A
23 s b P R ) 5 — FE DR3BS B R R [ R
R EL A g 2 AL T [ 20, %of 3 L T AR M 1 A R T LA
TR 248 R 2 DA 45 R T 3 LA 39 o At B0 L A
THAERS RE TR Y 2 Ay 1 2 T+ R e 2P dE . SR, H
T o W K A AL T A M 4 F 5 1 OR AR R L 2
AT S35 2 00 1k RE IR 425 4 1 0 A A R T R



214 BoE B ¥ B 4 2021 4F

ZWO

(a) FiEIRIESR (b) FTABESR S () FEIRIERD

(d) RBEHERARO (€) XTHFURIESR (f) PASHERESS

B 1 R RN R
(a) ¥l SRS 6 T T P48 00 (PR 28 5 (b) AT 8 B @ 58 i o 3% 8% b ) 8 e LA #5038 ook 0 4 R B, Lk L 7 4% b
T HBREFE 4 AT E ML L AL 36 T T4 M L U0l B 25 22 T UL AR AR CRTIR R 26 5 (o) 5 A5 IR HE 40 5 22 2 ML 3R 200wl 4 e
PRIE 8 B o S I A0 3 A1 o B8 0 R IR A L 10 Y R 55 A R T R O (B R TR 5 () R O 5 76 A N
T D5 UG O R T T LA™ A T B R A A A A LA A R R A L R R R T T e R B R R T A TR (R
RV 5 Ced 0 T WRTHE 262y 19 JRE 1) RS F9 35 300 W8 8 242 2L, T o0 52 0 6 0 R R IR0 o S AT PR Bl 5 A L O T R
HEBE PR SRARE) 5 (D A 85 i TT 3607 [l 4% 1 Vi 2R I s A R B2 G 3R 200 A0 T S 35 S R AU 11 43R A i PR IR 455D

(c) VEifEE d
B2 AR N A (R )

ASCAL TR BE B PO TR RE L B AR A A REIUILRR RS E R

Pz G PR BE L E A 8 A 2 T S | 2 T R S SR A .
2 BEEZ FTHESREMEXR
T A X6 R R P i 1) 2 W) R B F S o R L PR RIERZFEG I SURHOXER
BRBEA R I RF RO S P AFAE R OCHEBL 2 AL OF 201 BRAEREE
Xt R e R R R e TR s B AT e B, Oy MR K 4 WRE A S — AR T B9 8 ) AT A B AR



35k 5

RV A SRR ISR IR I A S R S RS B AR 215

H i N\ B Bl 1 R O A R R 2 AR E
BV B n i TR R ST LR A R
HE Ve BAEMTR P E R 22 IR AR TR T HUE Vi
I+ dL FS Vi 8w A9 By dD, T 0 #RE ) A
PR Vo J5 1) b o e A E S AT A A 1R Y
AR AR dQYY A TEl 3a BN, AT AR
dT = dlLcosB — dDsinf (D
dQ = r(dLsinB + dDcosp) (2)
WRE S A B AE TS T MR DR Q R
S dT.dQ e A EARMS B, I 2300 7 A
i DR TV, AHEFE DR Q2men, W BRE 2K /Y 2R
7 W DR AR R Z AR

_ TV,
1 Q27nn

iR IR A i T 52 B 2R 1k AR A S B T 0L Y
BR A, FESE PR R e AT 700 72 (B 3b) . KR
[[DRYEIIKE e gty & < A i T D) % 3 E S
L3R 20 00, 445 HE SR U — 5 Y 15 e o R R e 2 14 e

(3

(a) BRI R BB RS Z STl

EEBH A5 S T AT DR R A g R e R A0 3R o T 4R 5 A

BRI 2% 114 5 BHL Ty — D i e B i T e B Ak
4 I YA N a2l 7™ A, 55— T3 THT R 2 3R T 9 A
Yokt 518 . PRI, LR H5 DA A4S 5 1 %5 1, B3R 5t
T A X R 2 1 B B T 9 R W DL RORT i A R
B 5 | 2 19 2 &1 BHL T3 1) 82 0

2.2 RAEHEEESHEIANXE

1] 0 P TR 5 4 L 3 5 [ 9k A T 1) ) AR B A A
K V553 T8 R S T [ %) A B A P AT LR AR I A T
JEEAEERH T o by RELRE 445 A RT3 1T BE 4% = 1 25 13 21 A
AL 7K 2 T P A 20k /) [ 9 5 T 42 fk v D [ 9 5
2355 7 o f I8 9 SR TR £ 0 A% 5 DA TR e K 2T B T Ak
(1 o JBE A FEE R 48 B 1) I 7 3% B H e REL AR
Wit 5 1 5 J7 3k AT I T B AN W B2 0 o g K R T
e T AN A 1l O s B I
FROHCWITE IR 1.

1.0

o
o0

S
=N

S
FS

SRR AR
(=4
R

0 02 04 06 08 10 1.2
(b) BEHERIL R B AR KL

3 BREMHTEZHSMERLE

F1 BHEAKREREHEXIHR

rHRE R 3 Rk MENEB (FERERK) HmRE/m TiEH" , BEMRE
Daniello 5 A" P UL R T 480 T 3D 1072 Re,>2500,50%

L Henoch % A S CF 4RO 10! Re,<(3.7X10°,50%
HLKS Park % A 112 SR OO 1072 Re, =250,75%

Xu %A A CEARD 102 Re, =8X10°,27%

Balasubramanian % A" A1 3L CHf 15 ) 10° Re=1.8X10°,14%

B HL Aljallis % A5 AN CERD 10° Re=10°~ 10°,30%

HLKS Bidkar 4 A1) S RET ) 107 Re, —10°~9 X 10°,20% ~30%

Sooraj 2 A\ S (B 1072 Re=30800,40%

VE ¢ R RUBE R M BE G I O R | B R SR A S R R BUE LAINTR U R BB v K Y I8 SR BE L Reg =
dU/v.d A HETEHE i B s Re, = xU/vs x A 7K R M 30 B b 1 s ZE A R Y R B 5 Re. = UL 8/v, U, S BEHEHRE . 6 J 3L 2 EJE s Re=
LU/v, L kiR E



216 s F

I 2021 4F

SR o I R B 7K 3R T U6l BHL X 5 1 R B 3 A
/0N o HL B K 3R T Y 25 R R g R Y BH T 15 n 4l 2
WL Tl e s58 7K 3 THT S s o FH ) — R PR 3R 0 i 7K 3R
AT R FH 1 W E 2 2% 18 9 BHL 1) BiF 5 T R A 2 b
Choi 8 AT 2019 485 R WFSE T 8 5 K U )2 % 18 g
R Em 58] 7 —s B E RS,
MRWT . Choi 58 Nl i 76 B AR 42 mm By XL 12
e 2 R TH 1 Never Wet Fi H s /K IR E &I, @8
B 7K U 2 AT DL R 2 09 2 Ik T Bl RE FRAIR 2 2006,
B K 0 E I B AR M 7 e 7 A W T B
L = O AR e A o SR SN O B e S (3
JiRte

SCEE I A K U 2 B AT MR e 2 I T 2 BE 1Y
J A S i e R T A TR e 0 IR RS T B0 BE T
A ) TR FRE A B VRN L BEARR T I R i A R AR L 1S
T B U585 o SR, X T B K U J2 X R E 2 T
S5 Y ELAR Y e LU 3 45 A A AR 5 R R i 2 g R
Y P TE O R DA S I 7K AR )23 6 R e 26 4 7 L R0 7
A B R A, SO T AR 4 T BT I i R L OB i K TR
J2 %5 WETHE 2 S VA it 3 B S M AR BE AN [R] A PN TE BIL R A
LT R i 2 RCR S LR T R R R . Ak,
Choi 85 A\ Y 52 56 2 78 /N 78 85 e 2 B 0 R 45 IR 75 i
BT HEAT By, 1 58 B 0 Y 585 2 RBE bE i S
g IR e 2 2 bR — R g, s TAE T8 i
A 10° 9 S L b i i 37 v 50 i 7K TR J2 R
VA AT IR Mk e 1 S e i A R — PR
2.3 RAEHUEEEYHWHXE

Ui 2 IR A% A B2 b & 5K K Ak, 2 BOKR
SV VE AR WK B AR 2R TH A PR BREAS 150 2 1l IR SR i
BRI, KGN RE T BEAR RO I 25 BB BR AR

7 A ELA R ok T A R A 43 0 4 R MR S 3% T
T ok, B MR HE A AR R R
AT 1) £ W) R B i) Rk A5 i

ol /D W e 2% 3% T A W) K R ) O vk R R T B
152 L T BE % E PR3 4 41T 1998 4F B A 28 1
FHXF PR G AT 5 00 B 15 U )2 DA S AT 3R 08 TR i 3
SR A HIL B B TG 1R 2 R0 T B G B G R )2 8
PR A G 00 BT A R Y By 35 TR R AR B R
RYBI 35 U 2 R LA ] AR 3% T RE A R 0 s AR Y S
[i] A 2 T 18] 09 45 45 77 5 AT AE — 22 3t 3 45 A2 0 K
MYER ey, HEE W EHREWE T HES
Y. FA AR Y B R s B B 75 T 2 O bR OR
BLE R A Al & B Intersleek &R 41 4k 2, L §6
Intersleek700 A ML B 5 %15 )2 | Intersleek900 &
MR EYE)ZE A Intersleek1100SR & B R &Y
WIZS . JEdIE 6 Intersleek900 & 50 R & ¥ By
VGURIZTT LA A 900 B BRI I AR B2 3 T AR,
1M 7E Intersleek900 ¥ )2 M4 0 FE Al b, 38 528 19 &
G2l LI N S - S 2/ TR G - =
Intersleek1100SR B 15 ¥ )2 (& 5a) W & 30t 5 R
S 0 B A YRGB VR RE L AT M AR 7R s 13 DA R AR
Rt S Bu b vk = o RN 5% K 5 A X [ 2R 0 R
B B 44 s 8 N TE BIL R A e i — 2D BT R . kAt
AR BT K K0 A SLIPS b B4 — &
14 B A= 40 H B 8 2 i CIRL 5 )22 20 (B R L o A AR
R BHEKRHEK P RIBRESFEER)ELER
Jii 5 2 8t EROREL RS 25 A 52 T 23 0 R AR Rk B
AH o 3 T A KT A R B 1) 52 ) R A B PN TE AL
A Fi i — 20 W, 88 K R 1 5 SLIPS 31 B 15
PERE R R A MR A it — 2D RIE

(a) JeIHIBAER (B> (b) A 5SH Mkﬁ)i@fél’lﬁ%?ﬁ?ﬁiﬂﬁ% (c)$ﬁ‘]§’1§1ﬁﬁiﬁ7}<ﬂ%’@ﬁﬂﬁ%iﬁﬁﬁiﬁﬁﬁ

5BHKEIEE (F) O Jurkim; o XminiK; ¢ KAHHEHAK; A WITHEEHK

B4 BEKSEMNERRERHENZM



¥35% H2l

R AR AT - BRI A I PR F S S R A Bk 217

ok - BI—RER
KL o - RA ISR
|
B — A
BIREEWBH

(a) Intersleek1100SR % /=20

B
i

(b) SLIPSZ i 2 s 2

B 5 3R SR ER 7K M X A s B Y 32 I

FRAR B R TR B T T )2 e B Rk B R 1 B
ARG B AR S AR T U J2 0 P A B ) B e 2 B 7 A
ORI R BT FF . Atlar 58 N7 W F 5T R
W, BB e 2 3R THI R RS 23 51 R 2 306 ~ 6 00 I R R R
e T 8 FH B 5 88 R B 95 U )2 AT i R DG T R
B A R 2 R E OV BE A Y, SCEA R, R
JE 55 | R 1 280 3R 400 % W 3 o ol ) R 5 R 3 28 B 0
E kAN, SR, Korkut 28 A 7E 1 70 02 kg 22 % i %
T RO B 15 U 2 A T K 3h 1 S 5 I R B A TR
EIRTER T REC TR Z BN T 1.9%, B )
TR/ T 0. 9%, (1545 U 2 SR E L 1 0R e &
FEAR T 1% (1B 6) , BV A5 e 26 3% 1 Uk 76 P 8 8 0 784 B
1SR Z G A R AR K sh P RE . SCEE
D 33 AT RS2 Y TR TR MR S A k2 R S A M e
BT 2 R R AR 2 5] R 2 A RO RO e vk 2 |k
1 2R THE S0 A8 Ak S 301 L SR T X — 2510384 TR BIE

0.9
0.8
0.7
x.- 0.6 #E& * etadcoated
5 . 1\ :1.(000.‘
¥ 05 \ .
v. 04 KT-costed
S & ‘ KT-uncosted
£ 03 ;
0.2 = -
0.1 I L
0 3.
0 0.1 02 03 04 05 06 0.7 08 09 1
J

(b) 7 T IR J2 R TR 3 Mk Pk A 2%
B 6 ByiT %R U2 A RE MR IO

B4k s Candries %5 A 38 i3 WF 52 B 45 ¢ ik 780 1k )2
AICH A M6 A 2 06 5% 1 B 1 1 5% i) kB, LA
Bt 5 TR B RL B T U 2 AN JE B 1 A R B 0 v 2 A A
F-BE Sy E o 2 A T E B R A R 2
T8 AR 2 B RBCE BRI T 3. 5%,
X R TH Y A 53 BT % B, RS B R R U 2 R T Y
Ra (5 B3 AR 20 22 )V Rq ChE B 1 77 R A 22) 18 fi
KAHHSE P Aa % 4IRS S B A DL R 2
(10 B A, fof 45 2 THT 9 0 A5 /0 T HL A B SR T T Y 3R
T B B CEL 7)1 31X AT Rl 2 B 2 R ik A ik 2 L&
fCRH 7 R B0 S 3 — 1 5% 2 B, B 25 8 ik 0 U
J2 2RI S5 B S i AN A S e — 4 S
X WE 4IRS ECEVIM . 1 Candries % A
X 46 AAS R 1 % J2 2 T HE AT 5B 4 BT & B L A
fIEFLRE AL h= Rada/2 AT LA 4f b 36 AF 36 0 8 5 5
BHLIT B DGR, SR A FZ S BCRIE R DR 3 1Y
A HEME K CHE A R AT R i — 25 R

micron

micron

(b) To# B ICTYBITS B R E TS
B7 FAEBFREHREAERD



218 s F

¥R 4 2021 4

23 I 3 5 TR T X GE 2 R0 14 5 R i R P
BEE— B EEIE 5 7K 2 1D X R e 3K AL 5 45 4 5 T
P14 P AL A B JF o R e 20 3R 114 5 i LA L SR K
e VAT X A 0 s ) 52 g L A B PN E AL AR DA B 3 i
T 00 RN LR 20007 Xof R e A A5 R 114 R W) 45 24 A At —

3 BRRRAAHESZEAZMAXE

3.1 ERR=HE=M

2340 5 23 DU R PP AN IR 2 R T I IR 5 —
PEREFE bR . 1R 2K 25 fb 2 F8 IR e 2 T /K N AR,
B s R 2 — i A DA B 7 A g e R
R B2 WA B S) , 23 plUJH48 25 W 4 15 K=
14 e I T AR G A e o RE DR 5 0 o AR
BRI 2 A5 b 5 A il ) A 2 b S AR A Y 7S B B
P IR E 2 1) Mk A% 75 i o SR B — 2 18 15 i 41 1 =5k
25, W IR e SR A e A L X,

HR A 25 A0 A A [) S A, MR E 2 25 A A it =5 4k i
AR A A = 55 R S R U R R A 8
o Hr A AE AT A A S L R R
HELE 2 P i L (28 L I8 K £ [ SN R S MR R L A b
T H R AR I ) T A KR R A S VL I KR 2
PO A0 TR S W R (A R o S U S s S
BT 7 A, 2 5 4 i 2 I 3 T I 4 R e 2
HEPERE 2R T . HIRERAL T A S S Y
A RV 0 = B R s A O e AR TR E A s

IR s Ak s R e — T T 5 B A5 A
JEMBHA O, 55 — T T 5 3% TP 34 R0 3R T I R PR
A K. TE A B S5 H R0 M R — i Al L R

B8 EMERTHH A AR
() Wzl (b) WAk (o FE (D a5 REk

% 1T 550 R 3 1 0 X M 2 s A 5 s ok R Y
SO A B TR R I 23 A 5 2 ) B B
3.2 REEHRSEZUZMHHXE

1 GE W AT Sy, LR 2 8T 2% o8 J22 00 1 i I 1
PREERT L B8 KRSy bk 3h, i & 2 g A = A, SR
7 B AF 5% 2% BH L 35 24 9 2 1 KL RS A Bl 1 B0 A
fb. McCormick 4§ A 7 38 # & 7 1 3z 4 58 X 38 F
AHURE A3, e BRSO 25 Ak i I A 25 L BRI T 2
20 %6, HESR T AH I 23 Ak ) Az L T g 1D — 0] £ KA Yot
R i 23 AL AR TC ), Kawanami 25 A HYBF 5T
B, e SR s Ak i R s WK B Y 1 i R T A
JR& Il 1) 2% IR B A 40 T S ) 2 23 b (B 90) L B AR
60 %0 1Y ik 2l Fe ) FBEAR L-F- T A M5 %2 K 5~20 43 DL
f1fy Mg 7 o R ) o7 Ak I A A K R 4 R RO Y
10 %6 » A & 1) op () 5 L AT R AR B ] =4S 4k
(9 e 5 1 76 H Al A B 35 8 A 0 A g S 2 0 1) 4
F (& 9a,9b.,9d) .

T HE A5 NGE B B K FR S8 T 5 K S R
AL R R AT R A A S e S R B, AR
IR 23 b, KRS A I A7 B AR 3 AR 2% 2 X R
et ST Y 7 BB Y A v B A I SR DX ) R Y
(1) 53 A G B IO E DR IE 25 Ak 30 i 20K i SR il 1S AT g
75 ASkE G 52 e T BH M BE . kA, 2 0E T B A B
WS HOG s B B, Churkin % AR AF 5
T, 2 A5 R 5 R AR E ) 22 Ra (A
KGR AITTH Y5 E Rem A XY, Ra
{H KA Rsm it K A FEURS 22 180 19 25 (L2 JE 7T 5 Ra
fE/MA Rsm ff /)N (4 FE B 2 101 A9 25 f0 B2 B AH Y .
F SR B9 AT, 2 TREL R 1 A L S R )
SRR 53 A KSR 35 2 xb s Ak = R sg . R, B AT
WA T R GE— 1 2 HDE 3R AE S BOM BT E W
LTI

BEAb, V8 22 0 5% 3% B, 2% T RERE 23 in ) 25 ol AR
JEDT ARG L 2 il A N G S [ RSE O
) 71 BE VAN T o 25 L A VA R O B L 5 14 2% T TR A0 AT
PAFEA G K F7 25 Ak 04 6] isf, A1 4 235 96 710 ol 0 e
BRETH R B A0 Al AR R . SR OB SR R
T — 4 00, M A SRS AR AL i L i JE 3 ]
e AR, L, B Al R T S A o
T A e = 2R G0 0 1 T T 3% T B 6T A el 0 )
(8 N FEBIL A 8 A T i — 20 B A



¥35% H2l

R AR AT - BRI A I PR F S S R A Bk

Flow
LE ‘

TE

@

/,_
1

(b)

©
IINC
.--.//___-- some
@)
@
_________ 50%C
)
SONC
(e) 10%S
[ e we

b - - co——---

100 1000
Frequency(Hz)

0.1 10

B9 BEEROMZZHAZIEE

(a) AT AT YA BRI ) 25 254k 5 (b Ji ) 19 0] 8 5 S B 1 = 25 4 s (o) AR 1) B - 410 ) 5 25 Ak s (D 259 T i e

A REIN ] 2= 25 1k 5 (o) 44 I A5 49 1 B T LI = 25 4k

3.3 REEEHSZSHEHNXE

e W RNy s R E 2 2 A s ok 7R E 50K
Bl TR AR G SR, R 5 BIF 5% 3R W, 3R T i 1 PR
23 0 3 50 ) [ S TR R R T R e S Ak A
Harvey %8 AN F 1947 4 (4 0F 5% & B L i /K 26 1 kb 5%
JK RS2 iy 72 A 25 Al L I Dy i 7K 3R T AN 3R TR
oA s A i RS, Belova 45 AGE i 11
SR K 2R TH A2 SR I HE B RE 220 L S K R
TR (L 10a) 5 TA R 3 2 i 7K 38 11 B0 45 5 77 AR 25 4k
B AT, Ye % A Klimcehuk 25 A 78 26 1 3 7 5%
KRR VG & B K 3R AR R Y g
IE T Belova 8¢ AfY4518 . Petkovsek % AF I BOG
BUR B AR 3 SR K R, & SR /K 3R 3 SE R T
A A L HRRG T 2 ek R R ENY (| 10b),
FIRWFRE R M R K R A B T A

7,016,
5 sond’
Y g
P o Water 5 o
" 4 5 I
’ 4 §
o " _Bubble & !
g o |
o 1 L]
R ('3‘ Substrate 180 160 140 120 100 80 60 40 20 0

(a) LA fE B E 22 B 12 foh 1 FO R AL

(S1) POLISHED (S4) OXIDIZED (S4.1) OXIDIZED

0=23
Re = 89,000

o=18
Re = 100,000

og=14
Re = 111,000
o=1.2

Sa=0.44 pm Sa=0.54 um Sa=0.54 um

619 G3=90°  @=141° O3=111° @1 =51° Oy=d6°
(b) SE/KRI &3] 2= 4002
10 REFEGRAENZUHFIE

219



220 BoE R % K 4 2021 4F
WA, 2 T P X6 2l Bt 9 3 I s K 3R T 5 = ¥ @
SR ZS P00 90 BRI 8 B K 2 TR A5l i) 5 z ’
HMEIHEEIRNEER . Fahim %A@ o 12 5 b A1 o A ,
[1] Xu MC, Grabowski A, Yu N, et al. Superhydrophobic drag
TEAR A 4 B IK b IR BT AR R A RE IR 2 4 42 i /K 3R T
jT e ’Jﬁ"’ﬂ’_‘ﬁ'g&ﬁfyﬂ ﬁﬁt J(%%Ei 4/}(% Eﬁ P ffEl reduction for turbulent flows in open water. Physical Review
AT A TH 3K B » e 1L /) (% 5 H
o Applied, 2020, 13(3); 034056
R BRI 35 S o T 68 R /K 3 T 5 A b o )
LT 5 ) 8 T 2 ko b U i 3 T I B (2]  HME. AARMEETTRE R R SHER E SRS, 5 2 R, M RIE.
) WA T 2 T I 2 s ok B R T RR S 2007
R % 0 26 00 bR B D 2 e . A BFGE R (3] R SURERs e IV B B 0
1 R A 7 R T DL s A R KT A, 2005
AR B BT MR RE . DY e, DA ORL I i B S R [a] XUPTT, TS, BRZSR. MOS0 2 3 M 74 1 e i
A K AR T LT AR H A —E s TR T KoWFg. HEKERT, 2011, 52(SD); 83 8.
3 A R pres =
i Gonzalez A“f = A Ej ji%ﬁ Eﬁj“:i%f: i ﬂ:’% (57 BEESE. S50, G, R ML AR 5 4 4% 1 K
0. . S i fl:[J'A’ ar =] ”‘7?4’
Si0:/Si %E@E%%iw ”WTLM 2 BE T A IIPERRE AT, SR B AR 2020, 28(1); 14—
TR Z 5 B 28 SCHE TR ) BE TR 5 0T 1Y A 3 DR 5 -
B . . ¢ 5.
2 CE 11, Hoak — 280 R A2 358 i I M Y 5
ﬂ[ﬁj[“] SR T L 35 0 0 B2 E@*%@ﬂﬁﬁ%{ﬁﬁgé’ﬂ [6] Suryanarayana C, Satyanarayana B, Ramji K, et al.
o 7Ny ’ J o 7N
%:zﬁ/_:ﬂtz ﬁzﬁijIJ?E’ﬂﬁ ,Mﬁ'ﬁiﬁﬁiﬁ}mi E‘J?Eflfﬂ , ﬁi%% Experimental evaluation of pumpjet propulsor for an
E%%X‘T% ,pa,/;:q ;Lm E/‘J %%%ﬁ U[ﬂ 5&%3\5 ﬁ f%iﬂ:_‘ ﬂ;‘ axisymmetric body in wind tunnel. International Journal of
ﬁﬁy\o Naval Architecture and Ocean Engineering, 2010, 2 (1):
25 b, RS AN 3R I AR X A5 Ak A Tl ) 52 e 2433,
WAFFEVF Z ARG — Z Ak, FHXT 25 Ak 23 ol 1) 5% o) 40 42 (7] AR, Jifn. N[ B2 8T o 2 ok 5 1 vk e B 5.
MNTEPLHIIE A TF i — PR K, WEPE TR, 2018, 36(2): 1929,
4 BEERED [8] EIRIT. MANRIECTHD. 55 2 . L. R 8E KA
s =[A —
At , 2019.
N . P MG S b MV b ; e =
é’F ’XTE%ﬁE%#TEJﬂ:%E H Eﬂ:h C A IR BR [9] Wang JD, Wang B, Chen DR. Underwater drag reduction
FAL G KB 7 2 G MR LR A T AR T 2% MR,
by gas. Friction, 2014, 2(4): 295—309.
YER Al A 2 A A 2R U A R B L TR
%E’fﬁ} \Z,'%ﬁ"féﬁ‘éjiiéﬁ E@ﬁmﬁ}% . ﬂiﬂé X Y{]ﬂﬁ%/\ﬁ [10] Daniello R], Waterhouse NE, Rothstein JP. Drag reduction
%X}Lﬂ?ﬁ;‘?”ﬁ“?ﬁﬁ% ﬂYﬁjﬁﬁﬂﬁ“ ?ﬁzﬁ%% %%ﬁﬁ in turbulent flows over superhydrophobic surfaces. Physics
> 2RI T ~ JIL 1E ZK P TH N 7]
”ﬁ“ﬁ?ﬂ:%ﬁ\{ﬁﬁiﬂ%ﬁﬁ%%ﬁﬂfﬁﬁgﬁﬂﬁ IEJ HTJ_ , - of Fluids, 2009, 21(8): 085103.
M EEREILS e A B R L [ W [11] Henoch C. Krupenkin T, Kolodner P, et al. Turbulent drag
{%%%‘%ﬁ‘ﬁﬁl‘%%&* E/‘J@Fﬁ ’ )I%?‘ %Jﬁﬁ?’i H %}fgrfﬁ reduction using superhydrophobic surfaces// American
_‘l%—‘l'é ﬁlé Tﬁﬁ%ﬁ%{%ﬁgiﬁ R Institute of Aeronaustics and Astronaustics 3rd AIAA Flow
Control Conference. California: ATAA, 2006; 3192.
[12] Park H. Sun GY. Kim CJ. Superhydrophobic turbulent drag
reduction as a function of surface grating parameters.
Journal of Fluid Mechanics, 2014, 747: 722—734.
[13] Xu MC, Yu N, Kim J, et al. Superhydrophobic drag
reduction in high-speed towing tank. Journal of Fluid
Mechanics, 2021, 908, A6. doi:10.1017/jfm. 2020. 872.
[14] Balasubramanian AK, Miller AC, Rediniotis OK.

B 11

AAZSHEFRZEARESH

Microstructured hydrophobic skin for hydrodynamic drag

reduction. AIAA Journal, 2004, 42(2): 411—414.



35 % 2 A AR AT . MR e 2 R T AR M T oY R S R 2 PR 221
[15] Aljallis E, Sarshar MA, Datla R, et al. Experimental study [27] Candries M, Atlar M, Mesbahi E, et al. The measurement

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

of skin friction drag reduction on superhydrophobic flat
plates in high Reynolds number boundary layer flow. Physics
of Fluids, 2013, 25(2) . 351—412.

Bidkar RA, Leblanc L, Kulkarni AJ, et al. Skin-friction
drag reduction in the turbulent regime using random-textured
hydrophobic surfaces. Physics of Fluids, 2014, 26 (8).
263—290.

Sooraj P, Jain S, Agrawal A. Flow over hydrofoils with
varying hydrophobicity. Experimental Thermal and Fluid
Science, 2019, 102: 479—492.

Choi H, Lee J, Park H. Wake structures behind a rotor
with superhydrophobic-coated blades at low Reynolds
number. Physics of Fluids, 2019, 31(1): 015102.

ety FOUT, IR AP E S e 70 )6 ok 2 700 5 7 7
B g HE R b ORE A 5 B B OR, 2019, 31 (4):
443—448.
AkzoNobel.

Intersleek1100SR. (2013-02)/[ 2021-03-12 7.

https://www. international-marine. com/product/
intersleek-1100sr,
AkzoNobel.

Intersleek900.  ( 2010-08 ) /[ 2021-03-12 1.

https://www. international-marine. com/product/
intersleek-970.

Pechook S, Sudakov K, Polishchuk I, et al. Bioinspired
passive anti-biofouling surfaces preventing biofilm formation.
Journal of Materials Chemistry B, 2015, 3(7): 1371—1378.
Epstein AK, Wong TS, Belisle RA, et al. Liquid-infused

structured  surfaces with  exceptional anti-biofouling

performance. Proceedings of the National Academy of
Sciences of the United States of America, 2012, 109(33):
13182—13187.

Hwang GB, Page K. Patir A, et al. The anti-biofouling
properties of superhydrophobic surfaces are short-lived. Acs
Nano, 2018, 12(6): 6050—6058.

Atlar M, Glover EJ, Candries M, et al. The effect of a foul
release coating on propeller performance// International
Science and Technology for

conference on Marine

Environmental Sustainability ( ENSUS 2002). Newcastle
upon Tyne: University of Newcastle upon Tyne, 2002.

Korkut E, Atlar M. An experimental investigation of the
effect of foul release coating application on performance,
noise and cavitation characteristics of marine propellers.

Ocean Engineering, 2012, 41: 1—12.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

of the drag characteristics of tin-free self-polishing co-

polymers and fouling release coatings using a rotor
apparatus. Biofouling, 2003, 19(S1). 27—36.

WrRokmh. zsfb 5 s ik g, b R AR, 2010, 12(6) .
3—T.

Holl JW. The inception of cavitation on isolated surface
irregularities. Journal of Basic Engineering, 1960, 82(1):
169—183.

McCormick BW. On cavitation produced by a vortex trailing
from a lifting surface. Journal of Basic Engineering, 1962,
84(3): 369—378.

Kawanami Y. Mechanism and control of cloud cavitation.
Journal of Fluids Engineering, 1997, 236(4) . 788—794.
WOt SRR, BBt K SR RLAE A X 7S AL R ROR
IEE DT FE. TR B4, 2012, 33(5): 770—773.
Churkin SA, Pervunin KS, Kravtsova AY, et al. Cavitation
on NACAO0015 hydrofoils with different wall roughness:
high-speed visualization of the surface texture effects.
Journal of Visualization, 2016, 19(4): 587—590.

XUTRFOL, B, ARS8 19 25 o HLRI BF 52, W S 8
2009, 34(3): 6—8.

FEURHE . XTI, BROCRE. o F 2 i S 06 o 2% TH0DHLRS B2 R
MEPER M. B2, 2008, (5): 598—604.

PRI, tREE, R, A&, T 7R R b RL R 2 S il 4 R
PRI . SR, 2007, (5): 12—15.

A . A bR AR R h R SUE I ALEEBT S, db et W
R, 2009.
Harvey EN, McElroy WD, Whiteley AH. On cavity
formation in water. Journal of Applied Physics, 1947, 18
(2): 162—172.

Belova V., Gorin DA, Shchukin DG, et al. Controlled effect

of ultrasonic cavitation on hydrophobic/hydrophilic surfaces.

Acs Applied Materials & Interfaces, 2011, 3 (2):
417—425.

Ye YM, Klimchuk S, Shang MW, et al. Acoustic bubble
suppression by constructing a hydrophilic coating on HDPE
Surface. Acs Applied Materials &. Interfaces, 2019, 11
(18): 16944—16950.

Klimchuk S, Shang MW, Samuel MS, et al. Robust hybrid

hydrophilic coating on a high-density Polyethylene surface
with enhanced mechanical property. Acs Applied Materials

&. Interfaces, 2020, 12(28): 32017—32022.



222 oE R % R & 2021 4

[42] Petkovsek M, Hocevar M, Gregorcic P. Surface Science, 2021, 56(2): 1413—1425.
functionalization by  nanosecond-laser  texturing for [46] Wang N, Xiong DS, Deng YL, et al. Mechanically robust
controlling hydrodynamic cavitation dynamics. Ultrasonics superhydrophobic  steel surface with anti-Icing, UV-
Sonochemistry, 2020, 67: 105126. durability, and corrosion resistance properties. Acs Applied
[43] Haosheng. C, Jiang. L. Fengbin. L, et al. Experimental Materials &. Interfaces, 2015, 7(11): 6260—6272.
study of cavitation damage on hydrogen-terminated and [47] Liu T, Chen S, Cheng S, et al. Corrosion behavior of super-
oxygen-terminated diamond film surfaces. Wear, 2008, 264 hydrophobic surface on copper in seawater. Electrochimica
(1—2): 146—151. Acta, 2007, 52(28): 8003-—8007.
[44] Fahim J, Hadavi SMM, Ghayour H, et al. Cavitation (48] AREfE, MR, 5875 Py LB AT 7L H i B Al 22
erosion behavior of super-hydrophobic coatings on Al5083 oy, PEBEIES, 1993, 7(2): 106—110.
marine aluminum alloy. Wear, 2019, 424 122—132. [49] Gonzalez-Avila SR, Nguyen DM, Arunachalam S, et al.
[45] Ma LW, Wang JK, Zhang ZJ, et al. Preparation of a Mitigating cavitation erosion using biomimetic gas-entrapping
superhydrophobic TiN/PTFE composite film toward self- microtextured surfaces (GEMS). Science Advances, 2020, 6
cleaning and corrosion protection applications. Journal of Materials (13): eaax6192.

Research Progress in Surface Properties of Propeller and the Scientific Challenges

Zhu Manfu Ma Liran Luo Jianbin”

State Key Laboratory of Tribology s Tsinghua University, Beijing 100084

Abstract Marine propeller is a commonly used propulsive device for ships and underwater vehicles, and it
generates the thrust through the rotating motion. The improvement in propeller performances can reduce
the energy consumption and the operation cost, improve the comfortability on board and the quietness of
the warships, which has a great demand in both civilian and military fields. The surface properties of the
propeller is one of the key factors that influence the propeller performances, while currently there still exist
many deficiencies in the research of the surface properties. This review, based on the efficiency, cavitation
and cavitation erosion performances of the propeller, introduced the current research progress in the effects
of the surface topography and surface wettability on the performances of the propeller, and analyzed the
critical scientific problems existed in the surface properties research of the propeller, and finally the

developing trend of the propeller was prospected.

Keywords propeller; surface topography; wettability; efficiency; cavitation
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