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Abstract: Coalescence-induced droplet jumping plays a crucial role in heat transfer, dropwise condensation,
and electrohydrodynamic systems. In this study, molecular dynamics simulations were performed to investigate
the effects of pulsed and oscillatory electric fields on the coalescence and jumping behavior of saline
nanodroplets. Two droplet configurations, namely symmetric saline-saline and asymmetric pure water-saline
systems, were considered. The jumping height, droplet-substrate interaction energy, energy conversion
efficiency, and dipole moment were analyzed to elucidate the underlying molecular mechanisms.

The results show that, for the symmetric saline-saline system with 4 nm radius nanodroplets, the pulsed electric
field outperforms the oscillatory field, increasing the jumping height and the surface-to-kinetic energy
conversion efficiency by 8.8482% and 8.4306%, respectively. In contrast, for the asymmetric pure water-saline
system, the oscillatory electric field enhances the jumping height and energy conversion efficiency by 3.7885%
and 10.8498%, respectively, compared with the pulsed field. Dipole moment analysis reveals that the pulsed
electric field promotes stronger alignment of water molecular dipoles in both systems; however, the enhanced
dipole alignment does not necessarily translate into improved jumping performance. These findings demonstrate
that, in addition to the electric-field waveform, ionic distribution and system symmetry play decisive roles in
governing post-coalescence energy transfer pathways. This study provides new molecular-level insights into the
controlled manipulation of droplet dynamics in electrohydrodynamic systems.
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1. Particle-particle particle-mesh

TAY - T4 Olxies | ¥ 5,4lows | o2 jas Jls | 140 ylinsls



@9 Sire Lalyd iomen g 4leSy O+ bl gilwand a0 S
s Y pjale lul bis gl )5 Jlesl (olad livl) aw ja )
Jsb 3 028 sl (oles o (Sle S it 31 6 I3l Bl
9 0598 JWsl Bls Coge cuyd (pl L Al a5 colb (gjlwdens
aalllas ) m oS bl 51l ol b €305 oo Y 105 U515 5 lS5 3301
Seelid G oihl g S e ge JSS 1 (s aunlie
ol ly clo a5 5l eolil wal @llad jigs 5 ered
i ol 29500 Hlal cplpli 0 bl Glusy ©)jgoh bagjluand
ol GMuslio slapSamms 5 2,iSs 1 oS glhas olis p L
Lo ol ) ST eyp pglate 4 e i |y Siegh
O )] g 48 ploxl glite s po gl sl joi b St (5ilodnd
Loyl pr S ) e oo 85 )15 Ll 5)5e o)k
oS (Siuly g gols dgdome (SaSTy odimd ) Lis 45 Ab duwle /Y,OVYY
Sloj e 3l on3aly] (Sealiss (slocueS plo cusl adgl bulys & b
Voo sa Sloj (635 ke 3l eolaiwl b g osdd gl yscinl 54800 (gjlwdnd
W dplre 4iligied Voo e Sloj slaojl ) bl (ke 9 b aslisred

Ojygo 4 ilitie (e 98 93 (2B (oSl e 18U L5 Sl
B Glog (Sl e sl odd qw)p 29l g (b sl
3 dges Z e sbly, pE(t) = Eosin(2mit) o jpe
g oY bl liue aeldy By )] 55 48 ol 0sds Jlosl o,kab g Y 155
sl F8S Vee byl Jlosl (S8 e il 3 g oSl
2 Jgeme plie jlond Jleel (S8l Gl (558 5 ad 22 S
2 e ol edlatl w55 (geSws Sl el
gesly 2l slaiod; ¢ yoliiogilh (caailols (JoSUge Kol (glaggjluannd
@ onlple sl Joliie giluannd dgazme Sloj ojls > osmlie L6
23l siloted Ll s SPCIE (tiSlgé Juo gl 5o aolllas
55wy Sle laalels (il 5 blpd s odizled 9 Wgd oo s
©)ygods adllae pl )3 (ol (S Sl Glise s (Ssolinngdumg il
39 dlieSo Vo e glid 090 i Jlos] diliie dield b x50 za0 S
Jbd e aslisSn B e s g Jled aslisSn & Cide &y yliue 090 o 40 aS
Sl sl 20 ol tailog as > 5 aibsSu 0 (Wb oye ol ol sl
OPee b (ol Glise 0ol 0)9> (e zge JSb ST eeilne dulie
9 b el o Gl zoe JS ki 5w QLRI LSy oglie
hored 3ald p Gle S gy OBl duglie cpl 87 3035 (wgine
il wal S 1) plesl 5l e JU8) g ©llad S8 0 (S @)y
oSy 58U Wepllss adllae (Sl (gilwand Co)le o) ggeme
Sealiyd bz 28 (S8 e Sl gy ciliseo (2l L ol o

S (o ol p JoSlge ol 3 |y Ol il 5 (Seen

"j P& Cwl slaasuie dold Opg 5 Juwly ol> 3as &g cL’j DS
Gaols s o Hlis Ty Glyd o Aol g 2545 ooy Juwilly Hlade
Colps polie s a8 S i 12 ALy ity ool e o
SXgh 5 ol odal V Jgds )3 ilisee clagsl (sl on—a,l sl
b oS 5y5ba 145 S qbmtals (S pny 505 ol Bk 3] e
Ol « 1/80 e & 08 ly o)l 55l el pials
S o el e sy ol S 8l Gl e (30,5
Ql)béuiggdkadlﬁwtp]ql)dgom@m»9o)k§wu§w
ol (o (Son 2 (sl el S oo oal3 1) 52 S zokaus (59, 2
Lad e LOrentz-Berthelot bys ! ylgd 51 eslinl b cilise
ol 5 g ol s JsSse sl 9,0 Ghie slajally JolS jolio

LY ] B30 Jawiliy 55 03liis! 3590 (s Jholyb . 1 Jgus

LJ Parameters
Atom q(e)

s (eV) U(A)

H 0.0 0.0 0.4238

0 0.00673 3.166 -0.8476
Na* 0.00563 2.35 +1.0
(of s 0.00433 4.45 -1.0

C 0.0006704  3.214 0.0

Voo BN 5l (20)l g0 & e slod eyl (glo Jols alspo
5 Slylad  JoSgo JLdlu U aid oals iul58] ailieSo B+ v Gde (Lo pslS
st L S lp en ol kil @ Sle Gyl i
> ojkd o Jnl pytiege (slaadie adgl (gilu ls Jobo ) atwlgsl
o Jlas! 3958 ¢ il ol dls o b 5l L A3 Bl il clalial,
OMee 5 Jsge0m lagyss S cov bl ojlal wlilad 5 bl Bl
) L S3l8 5 03,5 Shes @3angs Cgon Jlos! (Sl
39 (NVT) 5gl5 Jeolusl )5 b gjlwans clsyo cpl p3 .auS 5l
~NOSE Sliwge s dlwgas Los 8 05 plosl ol ¥er ol (slod
eyl ) edlitul b eSS Voo [YA] wi Jlel HOOVeEr
oles sl (6,5 1,0l adligied V Sboj a5 L 4 VElOCItY-Verlet

1 . Duty Cycle

TAY - T4 Olxies | ¥ 5,4lows | o2 jas Jls | 140 ylinsls



110 T T T T T T T T

100 (‘_6-”)

B0 .

0K 1

COM Height (A)

60 .

a0l .
Pulsed Field —e
Periodic Field —=
1 1

30 1 1 1 1 1 1

110 T T T T T T T

100 |- (u)

80 .

T0F -1

COM Height (A)

60 .

40 1
Pulsed Field
Periodic Field
1 1

30 1 1 1 1 1 1
) 50 100 150 200 250 300 350 400 450

Times (ps)

CB lase S o oled] 0ydad 04 35 w0 £LT ] Ol puts Y IS
Ol g0 diloluw () ¢y ygub diloluws (W) iglite g (ol (S SSUI
A6

Sy b (Do Sl g 05ka8 p )2 5 pe sy (e gl )3 & 298 0
Gl plise Cls 4y G gy 5] g 48 )F dlold s 5l (g i
il gl e 42 0l 31 o e b Ll ol 50 )51 00
elis,) I3l 48 ol 5l L33l ZAAFAY o)lab s £lis) 39, 00
a5 g (S gy p e )3 0)kad i Cutidee Silo > 35,0
on ol il (9508 S o 4y chomen plSn 1 00 AT (g5l S5
ol e g8 ln rcwlie lulyd (ol (e oS aa e L
s g5yl 3 Sl ialS g oyl g3 pledl aily 3 S o
015301 55,31 31 65 5 S (ol e ypa> 5 5 295 0 kb
o3lisl )50 0,8 (e3g0e €S > glil) 3 Sy o Y3 4 (LBoren S5
odalin (_5"9['0’“6 )LS) uan> ui_)yd dilolw d])J £L}JLQA 2 .))ﬁf )])5
e 85 Jb 3 0980 Jols olite (e y9a 13 p 2 5 50 £l

cou g @b -

Oee o6 Cilies Sgr Gyl b kb bgen ) )y pslaieds
Wl Job Uy @l copu 8l adlpe bl o2yl (S Sl
oykad 93 (glyy ) Uy Slysis ¥ USS o oo 58 o 3)50 (b on

a3 oo Ui el (Sl e cou + Y Vg clle b 5l

0.4 T T T T T T T

T T
Left Droplet —e
Right Droplet —#

03 n

velociy (A/ps)

0.4 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500

Times (ps)

93 45 dgui o0 b0 Y 3 59y OB o g B8 adge Y S
il oo pLES g HSaSG d (s S35 Jl g3 o CuliS U o ykad

b Lol csloon (Bl < g Loy b (il ol Jolpe 3
bR g 53 g aidl (ljl (Bl oo po IS5 @ ()8 (A8 S35
1y olej ool 35 g0 oanliia 8a8 55 e mle b LSis ;11 160 ps
b Sl ey 85 a3 (e g9y i lsie 4 Glgie
asyo 3l dilobw 5 Bl yialS Cogw & Ol awd Co oy @lo
oS amd e Ol @l g (e (5l ilealil 5 Sl le 3L
llwg bl 0gd o Sl aibeSo Ve i 0 Ldgrpen il a5 5]
o 9 hawom G5 Sl o @ik edplésl o)hd g
Silwand yloj Gl 5y cpl 51aiS oo i doldl 4oy do i U Sl
s ) 212 e Jali iln Jalys syt 614500 PS
(rpan 352 25 cslio JiSlgo S g5 5 i | o Shlog
adgl el & 3 Gl G Ysk giludnd glajne (o)
alolw (IS ,ldy 5 s sdmliie 0 )lad duzee Sexp dile (sdsde dlus

Hlogo (Bl (&S i b

Ol i Seeld g (oSl e 5o S5 31 2L polate &
S g o ploj Job 53 eadplesl o)lad p > 55 e glis)]
85 B (porp )90 ¥ S 3 (el g oglize

TAY - T4 Olxies | ¥ 5,4lows | o2 jas Jls | 140 ylinsls



Hgren Bl sl g5l 5 (Sidge slogy o amd e oLt ol
Ol )8y ol S (e ade (Saia lagps gl e
b lagles olihen (I p oMo (b i Sumd
ale i (Sisse 55 iloalil @ coge Ve o b JySUge
K pals Gro (Sidee il rmin mres xS ) D9
plsl syt Cop b aw l ojld il s g 00l (Suiwg
Sloygh s (68518 (il Gy () FUSS aizen 2,5 0
ey Sy elin oloj Loyl s 93 58 o amd e L5 palls
olite e 3 e Jl ol bty wialg jio 4 (o 55
b Gl (Koo Sllwg (pl g o sdalin yao ade ygoly (JUlwgy
e oS 3l baye (28 lage & 0 lad 5> Slite el 5 Lapysy It

Dy sn (o Slag s oglite llog &

0.2 T T T T
or p
02l ) :
g
= s
2
=
o 04l .
@
& [t
=
=3
< 06 ¢ 1
Tt
3
z F
Rl .
Pulsed Field —&
Periodic Field —=
1.2 1 1 1 1
0 50 100 150 200 250
Times (ps)
Q.1 T T T T
ol
orr (u) i
02f .
i 03 .
=
o
2 o04f .
&
=
‘LL‘; 05 -4
g
£ 08 1
07k .
-0.8 N
-0.9 Pulsed Field 7
Periodic Field
R 1 1 1 1
0 50 100 150 200 250
Times (ps)

S Ol jpin )3 4V 55 9 OIylS LS oy (551 € S
(©) 9 s y9m0 ©lyhad (W) Lial,l 51 Colite g (ol (S 3SUI
oA Ol e

Caplo 4 plgs oo |y Oglis () 93,5 (o0 (6 y1eS Sloglisyl a4 poxie
Sl 08 93 (Seliwlg S sy 95k g 4oms 3 9 Col g s>
Yool udly i Jloel el iz 3 s Gy obgzon ]
b @i e (el g Sseh (mdge iulad b (g bl g
Sl 4 sheen pBn 3 01l AT (gl 5l ds a5 gd 0
Dial38l g layes Sglite ol)T3l 4y lgi oo o e Jliml o8 > )3 &5 Lo
ol 5Son 355 sl e ¢ ilie 53 03l bagpe ailelis K15 cblug
o i | s peSless @i 9 03,5 6ol )b Il lagesd skl
S S50 5 55 ol 0 e Sl el ppl S ool (Sl sl
pe ol e €] Gl 4 cals 5 005 pald ) eudal]]
ool & 31 (L ol dualie b sl (gludnnd i (e Jlasl (g
53wl daaly wlobo So il g9 4 (oS olase Jlosl 4 ol lad
) BRIl cage Cslite 5 (ol slagline Jloel )99 ailobs
2982 ) g (ki S (bt bd lae (o b 4 i g
glite e Jlasl g ols (Lis ]y e oyt e (g b 3 i
Ol glite )UB) cpl s e ()] (il Cage iy 4 ol
laglos plislyon SRl & s (26 (Sl lae 3148 amd e
sl gla S Yioinl aSl 09 soi S9a50 ailols JsSIga  ihabsd

3 Y o da GRS a (655] e et sl sk 53 el
aw 9 0)ad [y S e O by CureS ol S (g )3 b
29 5% ol (s euimd Ll jho o 4 ol (BB g Cusl 4
ojlad e (iSam (65l Abl oo 4 Y 5 5l 0jld JalS (4l ol
slapsl Glee (JoSgecm laiiSwn p Egeome dnwlne o3k Sl &Y 5
Jolis (o551 ol vl ool Cawd 4 Y ) o] g oyhad oaims LSuis
slp g o3 ailobo (ide 93 le (S g llgyaly lapiiSen
390 it Al Jsb > 4V 5 a 0plad (S (69 Olpi (yp
Sixl by S ole jl oas i) polie 8 )8 sl
8551 Sl () ¥ S 5] Cad @ (Gilodnd poano 3 S w0
Ot gy e L)l (sl |y 4V 05 o g 0)lad oy GRS oy
Rl (658l b (e (555l (ol s jga> 5> a3 e
wilize e sly (blie 3 0 i 450 PS sg1 g adly
29d Su35 jhuo & iy 5551 bl p5Y o130 pS Loy
Sojlad s b anld oudly e & il Gl Sl Gloj BB )
liohen (RIELly ) WS (0 @ (2 JB b ) e
Cogl el Nlgioo odl (e 3 ojlad (JsSlse (ladsd (slaplee
gy p Frp e goad S cutSih b hsye B glagys
OPee )3 jho & (LB ehp G55 P )y D9d gaw (iiSeny

TAY - T4 Olxies | ¥ 5,4lows | o2 jas Jls | 140 ylinsls



oihl » oglie (2B (Sl e Jlosl b JS5 ol 53 g sl
S e b duglio 13 65V (6551 Lo 03j e palls Ol a5 0 lad
2l b Lalls Ul jed dlols ol oddornlio b, e oo oanlite sl
D9 g0 0daliio () B S5 50 oS w6 lad Ll HE 3l 50 e Cs o
loy8) (el plise 4 Cond (6555 5yl bas o3k cglite lae
rliolon Ll 45 amd e bt ams ol S e Syl () AFRA
o (5551 s 03jl (il slins & Log) JgSUge daby> slalos
hadyd sbaplae (plilyen b b yo (6551 ) (i ¢)yliel slaailols ;>
Bran udge G JSS juusi g 0ylad (J3 Sllug )3 Conl (S (JoSUse
Ve (B> laplee pliher b Gl 251 plpl 25l
3y90 0 )ka8 (3908 &S > Lz 3 S5l pled Lol S e Sl (5 5658
slr g cmlio bulys S5 oo Cglite (e ¢ blio 5323, (o3 )5 o2litul
o3}k @l cnlpls S @ald (Solily Sl G 45 §dleSs @y
bl )5l (iiSwan 351 g P e S 8, L 5l s
slaglos (liwhymn (il L (ol (lae im0 )l alelis 53 3505
SFSp 5P s 033 e Sl opkad (pablax s g JSUge (oadgd
Colize e als Sl yed oylizel dibols 3 ¢ Llie 45 08 e sl
G &S sl Gl Sily ggd90 ol amde oLt 25 ) g yiae 3 )Shes
5 oyg @i 00 Al W atunly Ghdab Cad 4 bl &5l s
2 glodisS pasd i 50 0pkad 3 )0 (655l W Jleis] slapunilSo
5 s 035l 4 wlodly L iy lalllas S o W) yigs A\
odos i 25 sl (95mg Slo oliho ] 5208 sl Ygomn 5 olida 3
O S B e bl g jeSiny BT S s (e 5]
51 s o3jl > S8 s sla a8l o ulple [YA Y ] 900
oo > 5l sl Boile p drg LB Sl onimsglis lyie

il JySlse

4.

oy ) g5l s 0jl oS 0ad Wl i 3)Skes b)) s
i) ey sl (sl Ky plyisa 1) cdlas ol 53 enS e
oAdpléal oad Janl x> (655l 4 odaljl (Sidge (65l s ol
JoB Sl (e (Sealizdge i 03]l G plgisas g Cunl 0ad iy 5
o3lizl b s NVT Lealudl )5 ol 45 bl 5l 595 yeds (65,0
Gy Byo cuaS o) wlbas plosl NOSE-HOOVEr cliwga s
I8 edlatel 3)50 calive balyd cov bdills 3, Slas s duslds
by oadljl (e (5l 4 Glae b (65 Cud W L0yS e

¥ JosiS o oy 2 90 421y obgon

Ey

n=

- )
Esurf

()

e (555l Esurf g odpled] o)l yias ik (65 Ek ‘_’j))df
&5y 0ilulen oyhad g (cly cul Sgmen aulE Jgb 55 ond o]
L¥Y] 5950 dlno 45 abaily 5l onisljl o

Egyrp = 4moiR?[2 — 22/3], (v)

a3 sl olo (xaw S 07 9 @lylad adol glas R ]y o
S b bl (daw (IS She polie )bl (daw (5]
oy opes o YEFD o VEO yolis oS gysbdy b ool dilolw
DS Sl 3 s0dm Al Ol g s el sladibols gl i
bl wle lelse 556 cod Wl o xlaw (5iS gb elide , 43 3]
oS Gle g g b S ate e JsSlge jlle rdaw
OI}L.cd..g daw dj)jl SeoMS” dlaly adllae O.).‘ 5 S geves) 05 Jlos!
il gladilobs (e (6551 s (s dunlio glp 5o o) S

ol 0405 odléiw!

abasly 5l i (i (65 Cmiomen

effective __ 1 2
Ey = omy;”, ()
G905 ailge Al Uj g wlhbd  JS pya M ol 15 a5 W o cawdey
@ 5 s ool cnlply sl g s jo 3 0)kad gy S e Ca
ol o Ly ya5 013j] xdaw (651 A yiea (cdwin (65 Connd O g0

2 5 A o3l 9dmyel ailals 3 & aad e (i () & S5
ol gite sl i it TAFES Lo ol e i
5 oasdll e (65590 5l (i maew &S Canl ] 51 ST 05l il
Ol doxt ol sl 4l polatsl ol itz (5551 4 hgen Pl
=9 salelo )3 1y 0plad udlin cas s il & (ol Glae oS S5
Py e &8 a6 Jl s oo a5 4y oSl camd o 381 )9
iy o s o b gl o) B S5 S L 5 it

TAY - T4 Olxies | ¥ 5,4lows | o2 jas Jls | 140 ylinsls



Sl slaJgSUge o5 amd o ot By HgllS onpe (ke s )8
356 (5,0 5 pslbcae (bl dly (e 5 o)k )3 39250 (slagyse 5
Sl slaslge pkito (655 saima ot eplaie Sl ol S o
5 Sgren plSin g 335 e i wlels Seoliys ,k8, 4 Yiaos] &S ol
a5 i (551 & oao s (551l 5l b opkad sl 5L
w0l odnlin ias dySlas dgun b Ll o Mgy cpl 4 Sl pd g 0l

A5l Al Stusen

RMS Dipole Moment (e.A)

120 . N
s Pulsed Field —
8 Periodic Field —=
110 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
Times (ps)
210 T T T T T T T T
200 -
190 [~
— 180 -
=3
2
£ 170 1
@
13
o
= 160 -
o
°
o
a 150 1
v
E
140 | -1
130 | -1
1201 Pulsed Field 1
Periodic Field
110 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
Times (ps)

9 s ygms il plaB (A1) Aol (6130 (S ySUN alaBgd yoluls .U JSUS
(29 9 (ol (S 5SUT S lane Cod palls - yeu iyl (©)

5 ohs daly o Ll e o3jl 5 olagd jokiS Jlade o cnlple
e Gl ggimyed Glite dlobs )3 2)85 g2y it
3 ol oloj pals e glisyl Ll L JoSge (odabyd (slaglas
b 0)liel wlobo ) bl sl olyan (5531 s 033 3140 5 o
» e by lan plislen S5l sy cul (Soa el

4

T T
Pulsed Field —&
Periodic Field —=

()

n (%)
.

T T

Pulsed Field
Periodic Field
35 n

R C

2.5

n(%)
.
1

0 1 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400 450

Times (ps)

b (5551 4 00l lE3] 0,18 (b (51 i (B3l 0 U
() sy () 1 laB (6 5 )1 )3 (ial )T (510 Yy s 31 (430
9 oMb Ojg0 @ (2,8 (S ESI lalae cod palls Ol yeu
“oglde

o Bk I Bos sean 9 (Sl e 1 (8L Sl adllae oyl >
o slaJsslge (adgy slaglos spSCar g (alabyd jgkiS Oy
Jw K oS SPCIE Jue 5l sdlil 4y dsg b wcowl onds Juboo
xS ae @il Sl St ol il cob oyl b iy el
laad (slas 4y g 039 o] ladgd (slaglos (il )on 5 O (sla JsSg0
sthaded slaglos (S Caa B (8 (pdg) sl e 0Bl (59 Sl
J5 kg )5S (RMS) (mpo 0nSibe ya i 29t > Js¥Use

W duole loj Jab 50 dilolu

5 lind wd by i oSl (ye Sila i e J o3lizad
@ bgrpe () 5 S5 S (0 palf 1) piuad Jsod IS g, gl g
rSila i e 45 395 e oamlie sl ygiyai Sl (55 clls
oo plige 5l 55 baplej 25153 (udly line 3 (g gliiS (e
()7 J5) 290 osalite 55 palls Gl pods ol 5 259, (e o

TAY - T4 Olxies | ¥ 5,4lows | o2 jas Jls | 140 ylinsls



alobw yd o)l (S 50 dilbobws Sou sial)l 5 liwe zge US54y aSl ey
oloj LRl i )] GRIEl coge (ol e gdmyed ()lite
alobw o a8 o 3l (g5, Joas 035l daupe g prdaw jloylad yudlis
9 o gl 5l syt 3Ses Colite plase (s Olpad (o lasel

5 B> jokiS e dlaly cplpls 39l Sble 31 bl
layge o5 0976 4 Yleis g o3g: e i ailobis ] 53 g 3,Slee

b lis g5l i eajl

¥ ypjojld (iSeny S5l ey 350 i) 5 Job bt aulie
lioher Gl a5 ol ol (hdey sliS 5 (55 Jas ool
38des dgu A8 (e Qe bl (JgSlge (haBgd (slaglos
sdnliio )3 )3 oge (i o wlel g ()l 0970 § Cans i
oo zee JSb calie bl &5 dad o L gl cpl )b ead
8y webas lp Fhe S bl S gl Syl (Sopsl
I8 oolitwl 3y5e cdalllas (pl 55 ol owyp Loyl b 03game 10 (il yladgil
b Gilwdnd lulpd 4 Giagh ol @bt & Cul S5 4 Y 0S8
5 Cawl dgame (S S lie il g Sg clale (llad ojlul ol
oo o ol (LSS Slalllas wiafly Ll plo & ol e
Pl gladie 5 S Sbon b olad @iy i
Sbagingh ) Slg oo (Sl e (ul5)8 g b o Slinly il
oite Wlp p WSl g5Sg S slapiille 5EEy Sy 4 el

S K bl

&8l 5,5 -0
‘_5-;‘5)-‘3 9 ’SAMJA“ —‘l

Slwlro LM 4y (o yiod (IS L] 3 gl (o)l gls oLl ]
ol Slew Giaggs ol el sl

&y

[1] X. He, B-X. Zhang, S-L.Wang, Y-F. Wang, Y-
R. Yang, X-D. Wang, D-J. Lee, “The Cassie-to-
Wenzel wetting transition of water films on textured
surfaces with different topologies,” Physics of
Fluids, 33, 112006, 2021.
https://doi.org/10.1063/5.0066106.

[2] X. He, B-X. Zhang, Y-F. Wang,
Y-Y.Zhang, Y-R.Yang, X-D.Wang, D-J. Lee,
“Dynamic coalescence of two charged droplets with
deflected angles in the presence of electric fields”,
Journal of Molecular Liquids, 353, 118812, 2022.
https://doi.org/10.1016/j.mollig.2022.118812

S om @5 JBl sl e 13 (slodisS e i 50 ol S )85
dagly Slboles g Sl 95 4 ol e 0 il 2 hgron
gyl olBl cage ol Ol gimyed o)lite abole sl cul
Dgdee 5551 s o33l (Il g a8 b loj el (e
£l65,) Wl e slite e (oS Oy o lizal ailoles 13 ¢l ol b
Seolad gl & ol ol Sile ggdge ol A8 bl (6555 Ui
Ml @je 0550 4y dSh s e i b s B e 4 il ylad
A5l oS S o ol matdly ) el dnly 305 ol gy )l
ly e S el Ko plgis 4 Slgs e (S0 S lage g0 JS
3590 (Suolndgydemg Sl slaailols p> @l Bls bl (gjludig
dge Syl o siloand Jao jlisl qw)p (gl 255 )5 eolinl
2 odd oy sladigy g ooy b adlles oyl 5l Jols zols waliwl
b jids oliel s 4 b wbie ;0 b duolie yiny Oldlles
s aw—gle s ASpap g eles b Sl ((J3 jeSung
iz 5 Bgren AT 5 nbalil e (651 5l (Sa 8 ik
polie b adllas pl 33 odelcawddy (65,50 o o35b g oo b g

[¥¥] adllos )5 52500 glaw 59y (s t0gil b (gl 0258155
235 P )8y M5k 53 pols Jue (Ul orimdLis &S )l ) 3L
2 oMU b s (S ole by e babd > i
a5 03l g (g loj Ol gy b dunlie [V] 3] adllas
(0 STy 5 y9dm98) o liel 5 o)lite slaailel > (555
Y il SSTeny Jao izan ol (L5 6o 0Bl s b
o i )lisl 9 0255155 2=l (sl yiall olul  adllae ol 5>
sl Y5 b ol ol ls gl sl [VF] ity lalline
DS hy sl 9 (9o Jae 4 an3 0o (L5 rauslie cpl 0
2 S5 s g (hored oSl (ol (Su5d ey oslital )90

S5 Ao —&

9 hpn Jly » () (Sl e zae JSB S imgg (pl
s oyt J5Sle Soliys (bt Sl ookl b gy sl e
Aty (S8 Gl jguan 4 s Ollad  Solod el a5 ol LS s

TAY - T4 Olxies | ¥ 5,4lows | o2 jas Jls | 140 ylinsls


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.sciencedirect.com/author/58132298600/duu-jong-lee
https://www.sciencedirect.com/journal/journal-of-molecular-liquids

surfaces”, Langmuir, 34, 11195-11203, 2018.
https://doi.org/10.1021/acs.langmuir.8b02428.

[10] Z. Zhang, J. Wang, Y. He, F. Jiao, “Directional
droplet coalescence-induced jumping regulated

by laplace pressure”, Langmuir, 41, 8921-8933,

2025.
https://doi.org/10.1021/acs.langmuir.5¢c00279.

[11] W. Hong, Z. Liu, M. Liao, B. Pan, F. Xie, “A
molecular dynamics study on coalescence-
induced jumping ofmoving and static droplets.”

The Journal of Chemical Physics, 162, 124303,
2025. https://doi.org/10.1063/5.0260138.

[12] S. Li, F. Chu, J. Zhang, D. Brutin, D. Wen,
“Droplet jumping induced by coalescence of
amoving droplet and a static one: Effect of initial

velocity”, Chemical Engineering Science, 211,

115252, 2020.
https://doi.org/10.1016/j.ces.2019.115252.

[13] R. Enright, N. Miljkovic, J. Sprittles, K. Nolan,
R. Mitchell, E. N. Wang, “How coalescing droplets

jump.” ACS Nano, 8, 10352-10362, 2014.
https://doi.org/10.1021/nn503643m.

[14] X.Wang, B. Xu, Z. Chen, D. Del Col, D. Li,
L.Zhang, X.Mou, Q.Liu, Y.Yang, Q.Cao,

“Review of droplet dynamics and dropwise
condensation enhancement: Theory, experiments
and applications”, Advances in Colloid and

Interface Science, 305, 102684, 2022.
https://doi.org/10.1016/j.cis.2022.102684.

[3] Y.Hou, M. Yu, X. Chen, ZWang, S. Yao,
“Recurrent filmwise and dropwise condensation

on a beetle mimetic surface,” ACS Nano, 9, 71-81,
2015. https://doi.org/10.1021/nn505716b.

[4] G. S. Watson, M. Gellender, J. A. Watson, “Self-
propulsion of dew drops on lotus leaves: A potential

mechanism for self cleaning,” Biofouling, 30, 427-

434, 2014.
https://doi.org/10.1080/08927014.2014.880885.

[5] J. B. Boreyko, C. P. Collier, “Delayed frost

growth on jumping-drop super-hydrophobic

surfaces”” ACS Nano, 7, 1618-1627, 2013.
https://doi.org/10.1021/nn3055048.

[6] J. B. Boreyko, C-H. Chen, “Self-propelled

dropwise condensate on  superhydrophobic
surfaces”, Phys. Rev. Lett.,, 103, 184501, 2009.

https://link.aps.org/doi/10.1103/PhysRevLett.103.1
84501.

[7] S.Gao, Q. Liao, W. Liu, Z. Liu, “Coalescence-
induced jumping of nanodroplets on textured

surfaces” The Journal of Physical Chemistry

Letters, 9, 13-18, 2018.
https://doi.org/10.1021/acs.jpclett.7b02939.

[8] X.He, L. Zhao, J. Cheng, “Coalescence-
induced swift jumping of nanodroplets on curved

surfaces”, Langmuir, 35, 9979-9987, 20109.
https://doi.org/10.1021/acs.langmuir.9b01300.

[9] F-F. Xie, G. Lu, X-D. Wang, D-Q. Wang,

“Enhancement  of  coalescence- induced

nanodroplet jumping on superhydrophobic

TAY - AT Olxiio | ¥ oledd | o350 S [ V€40 (ylianls


https://doi.org/10.1080/08927014.2014.880885
https://doi.org/10.1021/acs.jpclett.7b02939
https://doi.org/10.1021/acs.langmuir.9b01300
https://doi.org/10.1021/acs.langmuir.8b02428
https://doi.org/10.1021/acs.langmuir.5c00279
https://doi.org/10.1063/5.0260138
https://doi.org/10.1016/j.ces.2019.115252
https://doi.org/10.1021/nn503643m
https://www.sciencedirect.com/author/56547758200/bo-xu
https://www.sciencedirect.com/author/16041718700/zhenqian-chen
https://www.sciencedirect.com/author/56962770200/davide-del-col
https://doi.org/10.1016/j.cis.2022.102684

Mmanipulated vapor condensation on the dimpled
surface: Insights from molecular dynamics

simulations,” Langmuir, 39, 829-840, 2023.
https://doi.org/10.1021/acs.langmuir.2c02897.

[21] X. He, B-X. Zhang, S-L. Wang, Y-F. Wang,
Y-R. Yang, X-D. Wang, D-J. Lee, «“
Electrocoalescence of two charged nanodroplets
under different types of external electric fields,”

Journal of Molecular Liquids, 341, 117417, 2021.
https://doi.org/10.1016/j.mollig.2021.117417.

[22] F. Song, R. Chen, G. Wang, J. Fan, H. Niu,

“Coalescence and Break-Up Behaviors of
Nanodroplets under AC Electric Field,” Molecules,
28, 3064, 2023.
https://doi.org/10.3390/molecules28073064.

[23] Z. Liang, P. Keblinski, “Coalescence-induced

jumping of nanoscale droplets on super-
hydrophobic  surfaces,”  Applied  Physics
Letters,107, 143105, 2015.

https://doi.org/10.1063/1.4932648.

[24] S. Alaei, “Functionalized carbon nanotubes as

advanced adsorbents: Molecular dynamics

simulation,” Nanomeghyas, 12, 318-337, 2025 (In

Persian).
https://doi.org/10.22034/ns.2025.2069010.1403.

[25] N. Torabi, F. Ebrahimi, G. Maktabdaran,
“Effective factors on water transport through

connections of carbon nanotubes,” Nanomeghyas,

9, 190-203, 2022 (In Persian).
https://doi.org/20.1001.1.24235628.1401.9.1.20.6.

[26] F. Ebrahimi, A. Pishevar, Conditions of

occurrence of wetting transparency of graphene
nano-coatings in Cu-Graphene system,”

Fa¥

[15] S-F. Zheng, U. Gross, X-D. Wang, “Dropwise
condensation: From fundamentals of wetting,
nucleation, and droplet mobility to performance
improvement by advanced functional surfaces”,

Advances in Colloid and Interface Science, 295,

102503, 2021.
https://doi.org/10.1016/j.cis.2021.102503.

[16] L. Sun, J. Wang, Y. Chen, “Coalescence of
multiple droplets induced by a constant dc electric

field,” PLOS ONE, 19, 1-16, 2024.
https://doi.org/10.1371/journal.pone.0300925.

[17] J. H. Lee, C. Kim, M. Tokman, M. E. Colvin,
“Energy component analysis of electric field-
induced shape change in water nanodroplets,” The

Journal of Physical Chemistry C, 125, 6933-6944,
2021. https://doi.org/10.1021/acs.jpcc.1c00632.

[18] B. Traipattanakul, C. Tso, C. Y. Chao, “Study
of jumping water droplets on superhydrophobic
surfaces with electric fields,” International Journal

of Heat and Mass Transfer, 115, 672-681, 2017.

https://doi.org/10.1016/j.ijheatmasstransfer.2017.0
7.096.

[19] D. T. S. Ranathunga, A. Shamir, X. Dai, S. O.
Nielsen, “Molecular dynamics simulations of
water condensation on surfaces with tunable

wettability,” Langmuir, 36, 7383-7391, 2020.
https://doi.org/10.1021/acs.langmuir.0c00915.

[20] S-Y.Wang, Z-J. Wang, D-Q. Wang, Y-R.

Yang, X-D. Wang, D-J. Lee, “Electrically

TAY - AT Olxiio | ¥ oledd | o350 S [ V€40 (ylianls


https://doi.org/10.1016/j.cis.2021.102503
https://doi.org/10.1371/journal.pone.0300925
https://doi.org/10.1021/acs.jpcc.1c00632
https://doi.org/10.1016/j.ijheatmasstransfer.2017.07.096
https://doi.org/10.1016/j.ijheatmasstransfer.2017.07.096
https://doi.org/10.1021/acs.langmuir.0c00915
https://doi.org/10.1021/acs.langmuir.2c02897
https://www.sciencedirect.com/author/56497644300/xiaodong-wang
https://www.sciencedirect.com/author/58132298600/duu-jong-lee
https://doi.org/10.1016/j.molliq.2021.117417
https://doi.org/10.3390/molecules28073064
https://doi.org/10.1063/1.4932648
https://doi.org/10.22034/ns.2025.2069010.1403
https://doi.org/20.1001.1.24235628.1401.9.1.20.6

surface,” Processes, 11, 1865, 2023.
https://doi.org/10.3390/pr11071865.

[33] X. Yan, L. Zhang, S. Sett, L. Feng, C. Zhao, Z.
Huang, H. Vahabi, A. K. Kota, F. Chen, N.

Miljkovic, “Droplet jumping: Effects of droplet
size, surface structure, pinning, and liquid
properties”, ACS Nano, 13, 1309-1323,2019.
https://doi.org/10.1021/acsnano.8b06677.

[34] F. Taherian, V. Marcon, N. F. A. van der Vegt,
F. Leroy,“What is the contactangle of water on

graphene?”, Langmuir, 29, 1457-1465, 2013.
https://doi.org/10.1021/1a304645w.

~0
pr 3
'

Nanomeghyas, 9, 105-118, 2022 (In Persian).
https://doi.org/20.1001.1.24235628.1401.9.1.11.7.

[27] M. Farrokhbin, S. Hashemzadeh Rizi, A.
Lohrasebi, “Nano-droplet jumping due to surface

wettability ~ variation:  Molecular  modeling

approach,” Phys. Chem. Chem. Phys., 25, 2161-
2166, 2023. https://doi.org/10.1039/D2CP05447G.

[28] D-Q. Wang, Z-J. Wang, S-Y. Wang, Y-R.

Yang, S-F. Zheng, D-J. Lee, X-D. Wang,
“Coalescence-Induced Jumping of Nanodroplets in
a Perpendicular Electric Field: A Molecular
Dynamics  Study,” 40, 3248-3259, 2024.

https://doi.org/10.1021/acs.langmuir.3c03758.

[29] M. Allen, D. Tildesley, Computer Simulation

of Liquids, Oxford: Oxford University Press, 2017.

https://doi.org/10.1093/0s0/9780198803195.001.00
01.

[30] J. Zhang, M. B. Clennell, D. N. Dewhurst,
“Transport properties of nacl in aqueous solution

and hydrogen solubility in brine,” J. Phys. Chem.

B., 127, 8900-8915, 2023.
https://doi.org/10.1021/acs.jpch.3c03863.

[31] M. Farrokhbin, A. Lohrasebi, “Electrically

enhanced  coalescence-jumping of  saline

nanodroplets: Insights frommmolecular dynamics

simulations.” Surfaces and Interfaces, 72, 107455,
2025. https://doi.org/10.1016/j.surfin.2025.107455.

[32] M-J. Liao, X-Q. Ren, Z-H. Liu, W-P. Hong, F-
F. Xie, “Study on the coalescence-induced
jumping of droplets with different radii on

superhydrophobic

TAY - AT ©lxio | ¥ o,kowd | o0 jaw Jlus | V€0 by


https://dor.isc.ac/dor/20.1001.1.24235628.1401.9.1.11.7
https://doi.org/10.1039/D2CP05447G
https://doi.org/10.1021/acs.langmuir.3c03758
https://doi.org/10.1093/oso/9780198803195.001.0001
https://doi.org/10.1093/oso/9780198803195.001.0001
https://doi.org/10.1021/acs.jpcb.3c03863
https://doi.org/10.1016/j.surfin.2025.107455
https://doi.org/10.3390/pr11071865
https://doi.org/10.1021/acsnano.8b06677
https://doi.org/10.1021/la304645w

Nanomeghyas

www.nanomeghyas.ir
-

Molecular Dynamics Investigation of Coalescence-Induced
Jumping of lonic Nanodroplets under Pulsed and Oscillatory
Electric Fields

Mojtaba Farrokhbin"="*

Department of Physics, Faculty of Nano and Bioscience and Technology, Persian Gulf University, Bushehr
7516913817, Iran

Received: 2026-06-02 Revised: 2026-07-10 Accepted: 2026-07-15

Abstract: Coalescence-induced droplet jumping plays a crucial role in heat transfer, dropwise condensation,
and electrohydrodynamic systems. In this study, molecular dynamics simulations were performed to investigate
the effects of pulsed and oscillatory electric fields on the coalescence and jumping behavior of saline
nanodroplets. Two droplet configurations, namely symmetric saline-saline and asymmetric pure water-saline
systems, were considered. The jumping height, droplet-substrate interaction energy, energy conversion
efficiency, and dipole moment were analyzed to elucidate the underlying molecular mechanisms.

The results show that, for the symmetric saline-saline system with 4 nm radius nanodroplets, the pulsed electric
field outperforms the oscillatory field, increasing the jumping height and the surface-to-kinetic energy
conversion efficiency by 8.8482% and 8.4306%, respectively. In contrast, for the asymmetric pure water-saline
system, the oscillatory electric field enhances the jumping height and energy conversion efficiency by 3.7885%
and 10.8498%, respectively, compared with the pulsed field. Dipole moment analysis reveals that the pulsed
electric field promotes stronger alignment of water molecular dipoles in both systems; however, the enhanced
dipole alignment does not necessarily translate into improved jumping performance. These findings demonstrate
that, in addition to the electric-field waveform, ionic distribution and system symmetry play decisive roles in
governing post-coalescence energy transfer pathways. This study provides new molecular-level insights into the
controlled manipulation of droplet dynamics in electrohydrodynamic systems.
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