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Experimental study on dynamic behavior of laser-induced
droplet impact on microtextured superhydrophobic surface

SHI Bo' ,WANG Yi-fan' ,BAI Juan®, YANG Guang-feng' ,CUI Jing'
(1. School of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China;
2. Shanxi General Aviation Polytechnic,Datong 037304 , China)

Abstract: In order to explore the dynamic characteristics of droplet impact on micro textured superhydrophobic sur-
faces under low Weber conditions, the triangular texture micro-nano-weave is prepared on the surface of Ti-6Al1-4V
specimens for aerospace applications using laser micro-weave technology with nanosecond lasers at different scanning
speeds, and the dynamical behavior of water droplets impacting on flat and oblique surfaces is investigated with the
help of a high-speed camera experimental platform. The experimental results show that the higher the height of the wa-
ter droplet impact flat surface, the less air enters into the lamella, which increases the maximum spreading coefficient.
Compared with the flat surface, more air enters into the lamella when sliding on the slanting surface of the same height
and the maximum spreading coefficient is the smallest. Among them,at a scanning speed of 100 mm/s, the proportion
of the surface bump reaches 64.611 % ,the surface nanoparticles are the largest, the micron particles are the most,
and the static and dynamic contact characteristics of the surface are optimal. The synergistic effects of surface structure
and surface energy jointly affect the state of water droplets bouncing off the surface. This experiment can provide a ref-
erence for the preparation of superhydrophobic and active anti-icing surfaces in the aerospace field.

Keywords:TC4 (Ti6Al4V) titanium alloy;laser etching;droplet impact;flat surface ;oblique surface
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Fig. 1 Laser scanning path
2.3 Wk

(1) 38 3 9 45 ¥ 4% ( Gemini SEM 500, Zeiss , {4
) FAEIES, EDS G815 7 HT AR AE R TR
i fi AR AR 1 BT (OLYMPUS 4100 ) X 3 1
AT ZHERC R AZ , X ZR TRDHLRE FE R 70 5

(2) 1) FH 42 fih A 0 /% (JC2000D4M B, v =2
D) X PRI SR A AR 30 RS R
MM A GRS AT . BRI A S pl
W E I S IO

(3) FIFH & AR ML L 50 F- & (Fastcam SA-Z,
Photron, H A% 100 55 Y ik 188 5 0 1 28 i i o /. X
FEMWIE A 5000 /s, KR/ H 15 pl,
3 S5itie

ARSI RO R R, DY AN [ 4 4
FEVE R T4 8 3% 1 0 fE R 2 R X R 17,37 J/em’,
Re % AR A IGO0 T, ARk THDTE S 2 R 06 1y
RN IE R . HEBEE & R R Z R
R /D B RO N R BEE & RN 96.4 %,
94.6 % ,92.8 % ,90.1 % , JeHEESRIEE i H
FE B3R 2 A 20N
3.1 KHEMALMETAR

2 HFRMHOIES, K 2(a) ~ (d) 45 TR
EESE P& o) N = R OES ET ek A I 7l
SR 5000 £% FE K 500 %5 (45 b)) o ATLAA #,
AN EE T B LN R TN E 12 KA — 14
KPURL, 4 E S 100 mm/s (150 mm/s B R AT Y
A A, R A R B BRSOk
200 mm/s 250 mm/s 155 ] ™ AL B R/, 1T AR B
AR ZEBRR R AR R E R . B FH
UL IE N , YR TR BE AR Y, A oK Bk H 652 nm
I/ o T BEAR S, R B AR T i 2 BRIk kR
Al e Z Ak . Bl R R,
S il (1) FHOK Y8 R SE BE R /N IR R 47,37 um
31.58 wm 31.58 wm.28.95 pm,EWiE/N. 41,
FRTE IV 8 HH WK 5 3 A T 00 DK SR AW A8 J8 Y 35
h I S R WUR R AR

FH = 4ETE 550 0 0 AR 1] 8™ S 17 2 08 T AR



518 5 RS AN

Bt OB R /I 2K Tk A RO TR AR
W 64.611 % ,50.691 % 47.589 % .39.144 % .
SN [ FRUBE AT LK 35 0 U 29 R 1 2 22 ROBE R 5 45
LR ROR R A B OR G e AL T,
B SYIN-% R NRESIHUE R S Tk A S E DS R O
2 RERBE A, L OR R B OR 2 iy
CERE IR R UE STUNEE P NEE (1) DL S ik v

()FHHHEEE100 mm/s (b)F i ££150 mm/s

(0)F1HHi# FE200 mm/s (d)FH# FE250 mm/s
E2 FEMIIEH
Fig. 2 Surface micromorphology

3.2 ABEAK KR E W E R DT

AR, O P 4 8 2 T R JE S K
K ERREAS 75 B IS R A7 T — A F i 00 75 2 T 14 42
fl AN S A0 (PR 3 (a)) o BEE F1 0 1 1 54
O [ 025 TR 2 o 4 252 28 W /N e 9, 8 50 R 2 T
PRI, FE i £ 1) e A A b A 5 R R A
THT RS 3 70 T A — 35, B A KRS 114 2 1 i /K 1 A
R, AR U S 100 mm/s 3 TRTHLRE JE #
R b I B B WL fih R g 156° R Bl Ay 4. 5°, 36
FRBEK (95K, I HLg K P RE SR A 40 o
100 mm/s FEA B K A U2 B0 25 R O
2 b AR A LR 19 A 15 2 1) S O R 8 7K 3 T
BKF/NT 30, AT — 5 15 A AR 380 220 ol 2 — il
AR AR K FR AT 1 v . TR B e 2
Ao} 2 18T 02 4 22 W fi £ 19 DR A A, fHL B i
I FR T SR e LA S ) 5 17 1 30 A 2 FR 7 7K 35K
BRI BB R T 53R MM ST S A
%, i G HFRE A F LA X

3 (h) 4510 TR 30 RIS AR TR R
FrEETT A3 LG, R TR R R A FE T AL RV OBTRE S
AR, H Ti 0.C BT B 22 0K, B
PR B, O/ Ti JETRE 43 HE A 0. 4807 0. 3633

W54 %
160 .
150 F 156 % 142 139
140 | T
sof €
o 120F (=) (=)
3 110 Q
2 100
S 9F
S s0f
g 70F
2 60f
s s0f
= Contact angl
7wt |2 Kol gl
30 F
20 F
9
10 F 45 s 8 4
0 , 1 1 1
100 150 200 250

Scanning speed/ (mm*s™)

() NIRRTl S RN Bl A1)

Proportion of element content/wt%

100

80

60

40 |

20 L

0 . 150 n i A

0 200 250
(b) RT3 4

0.28.0.2457 ,0/Ti JEFAEE 4 el 1,44 1,09
ALY AU S Ti0 |\ Ti0, \ Ti, 0, £k &L
FEBHIRG . 48 B AYA S HA SR,
0.0713.0. 0733 .0. 1058, A [A) % I Ao ik 3= 22 Sk Y5 T
HRAT AR G B2 Ak 2 R B 2 SR Rk . il
FRY Rl BRHE , XEE LA K 3 L TE (X K o 32 1 58 i R 1k
W MTESNF 2, FE— IR FEAIRFR T 1) B e B 2 sE 8t

20 v T A o [c
100
Scanning speed/ (mm*s™)
B3 MM ROGER 5 i
Fig. 3 Surface contact angle and element content
0.84.0.74, 5 A Tl fF (0/Ti =0.026,C/Ti =
0.0207) FH LAY O A1 C & B AN UK
WA —E R ARGEAN SR, O/Ti Fi A
Wit 1 T ) 8 T3 i D U6 P 3 1 4 A 1
LSO R B A TR B 6 2 1 o 22 S B 2R K S
Wt 3140 3 BE PR3 i, C/Ti Bt 11 0 HE A 0. 0697
PR3 AEFOCHE P, 23 0 i8R AR DL B by A
B TiC, PRI — R iR U T TiC AR BT 85 1Bk 5 75—
TRAEMNYERT A b REARXT T 2L B, B i
ARG LT (HERPIXKIR IR B AT
2 A I i) 5 i 25 B VR S 2 v ) I T
MR LRRAFATHLY) , ENTE A C-COH) AR PESE R
FMG AR PERI PN o (HX b AR AL ) R A 24
e MR RE 1SR OK R K I e A8 T BEAE 2SR



e 54 4 No.d 2024

1 WA OB R T KR &7 3 247 R 519

Hh I ) T A AT DA SE U S AL
3.3 REEESREEFREARN

I 1S wL MW7 25 C B R IR AT,
25 mm 5 8 3 BRI P 2R KR 0 e R
0. 707 m/s, Xof 7 A VT 15 1 0 5 e T 5K g B (5
A% We =pRV, /o)l 20, %F B (KT 7 5 Bk
TIHAE (FVREL Re = pRV/w) 2y 2373, f &l 4 i
(BT 25 mm) fE 5 R0 4 #R 18], AR e
At A i | B R B A sh A AR AT
o A 4 (a) WO (BEARTH 25 mm) 8 7 1M &
B, VIR AE [R5t A o 2 8 A 1) R R R — T
ARSI K TEEAN S AR R A 7 AL, i
B g 7K S TR 5 1) 66 B0 g — 3 P VR 4 fh 2 T
YE R O B 20, P 2H S g, 494 3 B2 2 100 mm/s 11
A P 2R T 1 YR TR S P R B A, SR O IR 58 4
IR [ 5L 55— Y ] 59 N ] A 28 ms, 575 IR ES
JIG RIS [R] O 4 ms, 55— YK ] 55 g B O 3. 125 mm
CUBCIRG 0 5 T 1) T T ), 8 R Il e R [
SE R 15 mm, A5 0 B HF R L, R R
150 mm/shf, R 56 B — U B I [l 55, 2 i I ) 2y
10 ms, Jg K (0] 58 55 B2 O 2. 1875 mm , 45 4§ 3 5F Oy
200 mm/sFl1 250 mm/s B, 3 FLET W4 , TGS i [l
PR

100 mm/s

Q

__ﬁ—u-EE-—AL— " 8.

150 mm/s

r

e ——

200 mm/s

Q
)
)
r'

-_—

250 mm/s

¥
~

0ms 4ms 20 ms 37ms  54ms  72ms  94ms
()i (BERTHI25 mm) o P i

@] o)

(o) hon i B R s s

0 5000 10000 15000 2000025000 3000035000 40000 45000 5000055000 6000065000 70000 7500080000
Contact time/us

(e i JTe A SR AR
B4 IR (BHARTA 25 mm) 13k e 2xid 7

Fig. 4 Whole process of droplet impacting flat surface at room

temperature (25 mm from surface )

W T T R T O AR LB RE R K T R
PEFERLZ (8] 68 & 4% e ok B2 7K 3% 00 46 B K BE Eh
J93.75 m] 434S 100 mm/s 3 T I 56—
YRS I [ 55 38 g K ey BE i Eh 247 0. 469 m], Jj5x
AN AR R I R PEAE R BE 20 3. 281 m), HoAth 4
5w BE N A [R) B () O VR R B PR AR R R T
3.281 mJ,

TR 5 — U [ SR, F S S 100 mm/s Y
TROEAE FH 2% TRDB0 1 2 T B 1 098000 St o 24
SINKERIRG o X2 PR R MoK o R i A e o A
JZOKPEET, B2 KPR S5 R FI 2= S EAER, A
ERER 2SR E 4 (b) s, BT s
100 mm/s [ THB K PR B A R B A B/, IR
2SS Tyl i v R i Gt AR T B . TR
gt rh, S S BB 1R AL T R R R,
PR ST T G

4(c) sy iR B B(B =D/Dy) P REL y
(y =H/D,) HEBf Rl A8 AL $ie . AR E T,
TR P o A R AR B A R BT N D AH [R] L (A
R 100 mm/s [ 3R 4R J5 4R S b, B oo ot
BRI, FHHEUE Y 100 mm/s (150 mm/s 1A
WA T 5 S [ 50 ), 451 4 RS A 200 mm/s |
250 mm/s 3% [f] 0 F A PR JRIR S N
100 mm/s 150 mm/s % 1H] 5 14 FE 86 B K 294
0.95 s, T3 )5 5 200 mm/s 250 mm/s 3= & 51k
FERLE K2 0.8 s, IR b 7K 22 i 2R T G PEAE HE
S RO KPR G R TR 119 %

FIFH 15 pL BRH7E 25 C R R RA4 T,
50 mm e B AT T4 o LT 3R 0T, 2K R fioh 3% 1
A B ot S BE SR 1 m/s, 6 R B YT 15t 1 ) 5 3R
5K 1 B (A% We = pRV2/ o) Oy 41. 7, XL 7K
TBTE 5 Rk 7 e AE (F5 5L Re = pRV/u)
3337, WS W (FEERTE 50 mm ) f R M4k
T, DR T o S A L R AR R A
R EN U SEAE T . B 5 (a) W (B
FI 50 mm ) /& B A O OF- 3% A, R A
100 mm/s 150 mm/s {4 35 1f1 7R A9 AR 56 4 [ s 7
AL, 7E 23 ~42 ms Y IE A IR T B 25, 76 R 58
20 INE PR U R . 4 B R O 200 mm/s 250
mm/s [ 2% 101 0 A 56 4= 8] 2 B2 28 0L, Wi el
2823 msHf, A AR AT B ORI RIS, B 5(b)
TR R AP AR R TR R B(B =D/
Do) BLARFREL y (y = H/Dy ) B[] 1) A2 40 5, %t 1
WM 25 mm 5y BESE AP SR 0l R R %k, T AW
S RSB A [ R ThD 1) Y0 e AR 0O W J G K Ry
AR A 100 mm/s 140 e R A 1. 84 3K



520 5 RS AN

554 %

2 2.5, R X AT BE P T DA R Y
B G A BT A A A R R, 1
100 mm/s {3 TG/ i, 0030 7 48 o 22 1 7 A
B fr 0, BELAGIBGR § FR A R FY J die /N, U0 v
PR ORI 5 73 S T oK BOR Y B (s
SMELAN I G A AR JZ BB , 33X P BRI 25
SEECHIEE ) 100 mm/s (TR R BUE R, hIE S
(b)) ZKRLAR 2 HRAE PR 38, I3 [ 33 S 4 752 5 1)
AP Bt 1 3 B2 R R ) , DR g K P ) 2
T AE PR B A 25 ah iz gt ] (R S8 B i) o

ok o.n

150 mm/s o

200 mm/s o)

250 mm/s (:

0O ms 4 ms 23 ms 42 ms 61 ms
()i (BERTHIS0 mm) Ji o P i

€ 3.0 -
= =~ 100 mm/s
2 2.5F - *— 150 mm/s
s o -y 4200 mm/s
8 2.0t :‘JI“\;. + 250 mm/s
o of LM
ER ) < . pe
S r ¢ AN v, s N
s 1.0k 4 ¢ - P T L = S ey )
2 S g ficai etV S e
& 0.5 s L L L L .

3.5 =
- = =
E30f " 150 mm/s
2 25¢F A\ . —+-200 mm/s
%:o 20l + 250 mm/s
S1s5f
o -
Ebvd ey
S 05 Npgeed e RRIIGeTNCTTEAL
0.0

0 10000 20000 30000 40000 50000 60000
Contact time/ps

(ORI O ETAEER
PS5 IR (BER 1 50 mm ) 8 o5 3% i 4 A
Fig. 5 Whole process of droplet impacting flat surface

at room temperature (50 mm from surface )

3.4 R AR E AR AT

FIA 15 pL AR AE 25 CRIH RS T,
25 mm 5 JBE 2 A o AR AR O 22, 5° 00 R ER
VT o AR W2 M 2 1 D O 22, ey [ 6 B
(BEZRTE 25 mm) fif of; R 3 W0 R 1 8 4 i
DB Inl i R e = A S AT . A
6 (a) B0 (BE 000 25 mm) 5 oy % 3R 10 LR 3], )
T AEFIHEURE D 100 mm/s BYR T 2258 22 ms A3
W53 B, A6 A5 TR B R 150 mm/s ) 3% 480
30 ms A\ 1T 3 B, 76 471 3 O 200 mm/s Fl
250 mm/sHYFTE AR KA 84200 B o LAARE I HE i
AT, Y03 7EFI 98 T >l 100 mm/s (1) 2 1T 39 Bk B g

9 17.07 mm, 5 Bk i K R BE O 3. 67 mm (M THI
HEEITI) o TEFAFEEAEL Y 150 mm/s f) R T 5 B
HES N 7. 24 mm, Bk ORI N 2. 39 mm, 54
7] et J3E 7K Ji 488 o ~F- 100 i 1] 5 g 58 A L R T Y
SHLBK 11 i R e B AR TR X PR A YRR A B R [
s AR R B T W R T AR 1) R WA B4
Bl 6(b) frzn. Wi 6 (c) & 1 $ii & Jy 100
mm/s HL AT 14 9000 VRS O A AR AR O R
R AT A WL R TR IR . DT RS i
FE R Bl B 2 10 28 kA T TR, 5 00 i KR
FETATAR EE U X 80 VF 1 I e sk g € R T o
B A E 100 mm/s 5 D 25 mm )
B /K 3 T Y Bl 25 B b 1 BB e £, 2R TR Y ) I
/N KR R TS N R o R 5 AR K

100 mm/s Q. o s 72.6 ms
150 mm/s ¢ e 59.6 ms
A d.4.4.4.-4
200 mm/s y o 53 ms
A.d.d.4.4 .4
250 mm/s 49 ms

J f-' _; /" /""—- ,-4"-"

()Y (BEERTH25 mm) &5 R

p
>
\ s

>

byt R R (O)F I 15 100 mm/s I 7 B

‘GE) 2.0
: i
R IR < 350 mm/s
g '} 3 .
Fiob - 3 . ..
K A Y~
8  SOBE et
805
5 R mms
2 2.0 +-200 mm/s
515 e, -+ 250 mm/s
§ . A e e e e e s e e = e
S 10 ~ P M N WY
g 0.5 \l\t\. et -3
= 0.0 L L L L L f '

0 5000 10000 15000 20000 25000 30000

Contact time/us
(d) VR i e R BT R AR L
Bl 6 IR (BHTA 25 mm) 18k AR Tl 2xid 7
Fig. 6 Whole process of droplet impacting oblique surface at

room temperature (25 mm from surface )



B 5 4 4 No.4 2024

1 WA OB R T KR &7 3 247 R 521

(We =41.7) , it ¥R ol 2 o 10 39 J3E 398 00, 8
S THT T 11 2 5 8 T, O 98037 ) Je 2 A 2 2
SE KR TR R R 7 52 W, 2 18 TR0 1Y) i KB R
BB o R A o AN [ v R B R 1 O 1 21 2]
Bl R B R T Xt I N TRI 4 0 4 ms 224 % I HG ] E
BRI RSG5 HAR R R Ik

6 (d) &5 il e R AL B(B = D/D, ) Fifill Ay
(y = H/Dy) BEIS[E] AP 3 B R i 28 BB A
ST RE B SN TR, U] 1 i A o,
IR 23 38D, 23 20 2 S TR A 228
5553, YR A R TR B T o -5 R ) 5 AP 0 3
fi ol V- AR BE, AN [R) 2 1 A e R R AR A I
AN

DAL, X E 37 1R e A T g J3E ) i Tt T A AR
1S 55 2 B AT AR K (We =20) I, by 900 o ol
ARG AR, W o R R R R A
JZR SRR . ARBCT 20, BA —E RHE R
AR e R LA /0N s 1T R TR Bl /N 6
VA, YRR Dok i R ELAR B
4 & #®

AR N RD B O X R & G AT R R
AAIIN L 388 5 SO SO A BE |, PR K 3 el 7K
FBURE I 3 1227 e AR 458

(1) 3140 32 B2 A [R] i SO e A T 3 i, el 7 R
RIONEAN ] 5 136 BRI B Bl S F st AN i ) 2 A6 AS
IF), £ B 22 S SO RN T T 22 TR JEAS (] 14 75
IS, FEAE RSP ITRUE TR, Tkl =% T B

(2) Wl AE 3T 100 mm/s 2 i1 52 5 R W
Hefl i BB THAME D 132.605°, PO &
T PR K P 2 SRR C-C(H) AR MEBE R R
Tl N A R P A 2528 3190 82 100 mm/s
FFK A IRK 1K F] 156°

(3) i (BRI 25 mm ) 18 oS- 3% 100 2 — U fid
JEG [ P Rl P FE IS KA T 3. 281 mlo YR HE o
[F] v 1) 5 L AR 5 AR LU, 15 TR T % Al £ B 22 1
23 SR AT fl G 1] SR P AE B ) VR0 Sk =
JRE BTN, R 2 fioh 2 T D/

(O ARFAAEL(We =20) i, Ik B KAl i 2R 4K
FEZ AR ZH T ; BEE 550 B 3R
(We =41.7) , 28 T K5 6 JE& 140 52 0 kI, Y8030 )

i Rl AR 0 T B 2 K A T AR R T R R
DI CIELE JNAT G L
S 30k

[1] Muhammad Zaman Khan,et al. Recent advances in super-
hydrophobic surfaces for practical applications: a review
[J]. European Polymer Journal ,2022,178;111481.

[2] W S W Harun,et al. A review of powdered additive man-
ufacturing techniques for Ti-6Al-4V biomedical applica-
tions[ J ]. Powder Technology,2018,331.74 -97.

[3] Guo Chunfang,Zhang Meiju, Hu Jun. Icing delay of ses-
sile water droplets on superhydrophobic titanium alloy sur-
faces[ J]. Colloids and Surfaces A :Physicochemical and
Engineering Aspects,2021,621:126587.

[4] Wen Li,et al. Numerical investigation of droplet impact
on a solid superhydrophobic surface[ J . Physics of Flu-
ids,2022,33(6) :063310.

[5] Digvijay Singh,et al. Numerical analysis of air entrapment
during water droplet impact on a substrate[ J]. Materials
Today ; Proceedings ,2022,77(3) :933 - 940.

[6] Zhang Haixiang,et al. Effect of wettability on droplet im-
pact;spreading and splashing[ J ]. Experimental Thermal
and Fluid Science,2021,124:110369.

[7] Zhao Y Q,GeP,Xin S W et al. Progresses of R&D on ti-
Alloy materials in recent 5 years [ J ]. Materials China,
2020,39(71) :527 - 534,557 - 558.

[8] Li Yuqi,et al. Dynamic simulation on laser-metal interac-
tion in laser ablation propulsion considering moving inter-
face, finite thermal wave transfer, and phase explosion
[J]. Acta Astronautica,2023,208 ;27 - 35.

[9] Cui Jing,et al. Study on microstructure of TC4 surface in-
duced by femtosecond laser. [ J]. Laser & Infrared,2020,
50(9) :1035 —1042. (iin Chinese)

R REMEOLTE T TC4 RO AW [T]. Bt
54146,2020,50(9) 1035 - 1042.

[10] Vorobyev A Y,Guo C,et al. Direct femtosecond laser sur-

face nano/microstructuring and its applications[ J . Laser

& Photonics Reviews,2013,7(3) ;385 —407.



