iy

TMU

ISSN: 2476-6909; Modares Mechanical Engineering. 2019;19(7):1645-1653

Experimental, Numerical, and Analytical Study of a Droplet
Impact on Parallel Fibers

ARTICLE INFO

ABSTRACT

Article Type
Original Research

Authors
Safavi M.! MSc,
Nourazar S.S.*! PhD

How to cite this article

Safavi M, Nourazar S.S. Experime-
ntal, Numerical, and Analytical Stu-

dy of a Droplet Impact on Parallel
Fibers. Modares Mechanical Engin-
eering.2019;19(7):1645-1653.

!Faculty of Mechanical Engineering,
Amirkabir University of Technology,
Tehran, Iran

*Correspondence
Address: Faculty of Mechanical En-

gineering, Amirkabir University of

Technology, Tehran, Iran
Phone: -

Fax: -

icp@aut.ac.ir

Article History

Received: November 29, 2018
Accepted: January 07,2019
ePublished: July 01, 2019

The statics of droplet hanging from the parallel fibers and the dynamics of droplet impact on
the parallel fibers are investigated using high-speed imaging and volume of fluid numerical
simulation. Experimental results show for the parallel fibers, the maximum volume of the
droplet, which is able to hang statically from the fibers is measured to vary between 1.85 to 1.9
times of the one measured for a single fiber. The dynamics of droplet impact have been studied
by varying the radius of the impacting droplet, the fibers radius, and the distance between the
fibers. The threshold velocity of droplets by fibers has been obtained both experimentally and
numerically with the fluid volume method. The results show that by increasing the impacting
droplet radius and decreasing the fibers radius, the threshold velocity of droplet capture
decreases. The maximum threshold velocity of droplet capture with parallel fibers varies in the
range of 1.5 to 1.8 times of the threshold velocity of capture with a single fiber. The maximum
threshold capture velocity of droplets occurs where the distance between fibers is in the
range of 0.35 to 0.5 times of impacting droplet diameter. The threshold capture velocity on
parallel fibers is also obtained analytically, using the energy balance method. The results of the
analytical solution are in a fair agreement with experimental data and numerical simulation
results.

Keywords Droplet Impact; Parallel Fibers; Fibrous Filters; Liquid Aerosol; Iso-Advector Scheme

CITATION LINKS

[1] Fine mist filtration by ... [2] Measurement and modeling of ... [3] Filtration of liquid
aerosols on ... [4] Influence of processing parameters ... |5] 3-Fibrous filtration of liquid ... [6]
Nanofiber coating of surfaces for .. [7] Preparation of TiO2-coated polyester .. [8]
Superhydrophobic and oleophobic fibers by ... [9] Consecutive filtration of solid particles
and ... [10] Filtration model for polydisperse aerosols ... [11] Antimicrobial nanoparticle-
coated ... [12] The equilibrium ofliquid drops on ... [13] Global geometry and the equilibrium
.. |14] Droplet on a fiber: Geometrical shape ... [15] Wetting of liquid droplets on two ... [16]
The gravitational effect on the geometric ... [17] Droplet adhesion to hydrophobic fibrous ...
[18] Experimental investigation of the impaction .. [19] Dripping phenomena of water
dropletsimpacted ... [20] Simulating dropletimpact on a substrate.... [21] Special phenomena
from a single liquid ... [22] Liquid sheet behaviors during a drop impact ... [23] Capturing
drops with a thin ... [24] Off-centre impact on a horizontal ... [25] Off-centered impact of
water droplets on a ... [26] Drops impacting inclined ... [27] Drop impact on a flexible ... [28]
Drop impact on a .. [29] Experimental, analytical, and numerical study ... [30] Droplet
coalescence on ... [31] Effect of fiber orientation on fiber ... [32] Liquid drop growth on a ...
[33] Contact angle and wetting ... [34] Numerical simulation and investigation ... [35] A
study of the advancing interface ... [36] Dynamic contact angle of spreading droplets ... [37]
The spreading of silicone oil drops on ... [38] The dynamics of the spreading of liquids on ...
[39] Wettability ... [40] Isoadvector: Free, fast and accurate vof on arbitrary ... [41] A new
volume-of-fluid method in ... [42] The stability of axisymmetric ...

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


https://www.sciencedirect.com/science/article/pii/0021850285900023
https://www.sciencedirect.com/science/article/pii/S0032591015301649
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/aic.690441218
https://www.sciencedirect.com/science/article/pii/S1877705815002131
https://www.sciencedirect.com/science/article/pii/B9780081005736000101
https://www.sciencedirect.com/science/article/pii/S0017931009004554
 http://aaqr.org/files/article/1061/28_AAQR-12-05-OA-0114_1327-1335.pdf
https://pubs.acs.org/doi/10.1021/la900660v
https://www.sciencedirect.com/science/article/pii/S1383586616308899
https://aiche.onlinelibrary.wiley.com/doi/abs/10.1002/aic.14901
https://www.ncbi.nlm.nih.gov/pubmed/26172593
https://www.sciencedirect.com/science/article/pii/0021979784902868
https://www.sciencedirect.com/science/article/pii/S092777570200081X
https://link.springer.com/article/10.1007/s00707-006-0349-0
 https://www.sciencedirect.com/science/article/pii/S0169433210007415
https://pubs.rsc.org/en/content/articlelanding/2013/SM/C3SM51520F#!divAbstract
 https://www.sciencedirect.com/science/article/pii/S0169433218317033
https://www.sciencedirect.com/science/article/pii/S0301932298000858
https://www.sciencedirect.com/science/article/pii/S0301932201000611
 https://www.researchgate.net/publication/267263039
 https://www.sciencedirect.com/science/article/pii/S0894177713001477
https://www.sciencedirect.com/science/article/pii/S0735193314000815
https://www.sciencedirect.com/science/article/pii/S0021979704005727
https://link.springer.com/article/10.1140/epjst/e2009-00868-0
https://www.sciencedirect.com/science/article/pii/S030193221300044X
 https://hal.archives-ouvertes.fr/hal-00515521
 https://pubs.rsc.org/en/content/articlelanding/2016/sm/c5sm02246k#!divAbstract
 https://aip.scitation.org/doi/abs/10.1063/1.4945103?journalCode=phf
https://www.sciencedirect.com/science/article/pii/S0301932218304099
https://www.sciencedirect.com/science/article/abs/pii/016666229180129C
https://www.sciencedirect.com/science/article/pii/S002197970300729X
https://aiche.onlinelibrary.wiley.com/doi/10.1002/aic.10661\
https://link.springer.com/chapter/10.1007/978-3-642-34243-1_1
http://mme.modares.ac.ir/article-15-608-en.html
https://www.sciencedirect.com/science/article/pii/0021979783902874
https://aip.scitation.org/doi/abs/10.1063/1.1928828?journalCode=phf
https://iopscience.iop.org/article/10.1088/0022-3727/12/9/009/meta
https://www.researchgate.net/publication/231853670
https://books.google.com/books?hl=en&lr=&id=v0dZDwAAQBAJ&oi=fnd&pg=PA311&dq=
 http://tinyw.in/YaBe
 http://orbit.dtu.dk/files/148469446/Roenbyetal2017.pdf
https://royalsocietypublishing.org/doi/pdf/10.1098/rsta.1973.0113

33398 plolussw g (saie Lams VWFF

w3l 9 Glansd Job cuoin JSib T (5350l pasi (g, S
o & Gllides wygeds |y b (595 ohd Suiliwl ulad
slayd (9, ophd Jolei wdl> Wl San 5 L5y aisg]
sl b LT ssgad dmllhae 1y sgame gledl B9y b (5519
cooled augly g o)kl x> lapod dlold s jhd (glayielly
JS 93 Wil asdlhae 55 8ingad uyy ) yud (59, opbS S
alido slayiohly dr ditudly Jlw i 9 JSbglaSidy bk
Jsb 45 amsge olis LT alt asdie osnlie oadSh
obalS b 95 g Aol (el b (59, b e
orizer bige GRSl o)kl e (Aalisl g Guled gl
ool Jlw Jy @23y 53 comled gl @ Gl Jsb Sy
LJ&MJLS'M ﬁ)» 3 a5 L_,Jl} 33 3y lm).s.gs O aold @
sdalive [16101)&,@ 9 (0 el ﬁS (_}ul.o.\ 4)9'; G ww
JUCH- WL PISWERNIRE A SV CREPS Y P HRUGRYON
sl @Y o Mphlen 5 oz abe lals jud
LQAT ‘A.ﬂo))sT Cwwd by (gpud ws)gﬂ ahwﬂ o8 Liolas
GOSNl Ty Gialas (555 s dlols iuliél o5 13,5 oanlie
bogi s b whhd a5y Seliny g5y wlellhe ¢l
SIS el 95 Ll Lad plowil (i @90 B8lg9L 5 Lga
y az)lSy ophd @y jod 5l pauSe o g ophd Galgys
as Ay (0 uL.».u LQ;T GJLAJ 333903 saliw oJ."\.iS)g,}.c o)hﬁ LS')'.'
G g 0393y o8 g sas &l s 5l ok jeue @af)
Saolins Wlgol g Lps pricean .l jud 4 )bl glad
o adlys Ll oS uapys s (spmsd S b wlihad 355
9 2l boyd alold il (g ymd 4Sud g9, whbd 3555 e2))
0] Sen g ddoditive .l whhd 595y ddgl e
Rl oy eSh e b ogrtehe? glohs 33y
T wlinlice 1isge asllhe Cilie glayhd b olodilgiul
iz | eaiS395y ohd ijshd glayud & sesge glis
G315 510315 IS5 glinysd b oyl 3,951 53 aSST > aiiS se
5o b g sz gl 4 o5 cucd 39250 ilo gl b
3s5p oy 4 PHGL e 3 Sl 5550 132 3 51 3555
Ol LT s Aiiblsy Gus sadilsinl (g5, Jsilisy el
dunly Hailiw o liss] 4 YolS 395y Saolios 45 o350
359543 339 dde g L] cawd a5 a3sls uL.».u Oaised LQAT RO

ol g (2213555 0 onis JuStd Jlaww 48,5 JSb 2
L whbd jSpe 4 S 3955 Shelins Bl 5 geudis/
hoosse o e Ll aisgel dsllbe 1y ESI layns
‘Ajb)sT Cawd Ay puud &lg..u 9 o)hﬁ &lg..u ‘Uzhm Mwuly
liae 2 3550 51 zep> 5 BHGSen 5 g/ s slallio 5
il s 8385 s |y Lopsd baogd iyl 1 oadoi e
3955 e 1550 5| 9,5 o5 slse Lt 9 393 olistiapa YalS
28 g ol esdods ez (b8l Cow nd 4 whihs
Sl Glend o>y S50 glayiahly PPlhSen o ud 3950
asllae Iy 39850 iz pu8 b 55y 5l s> a3y 53 45 ophd
ey O )3 45 G 530 5 > o5 ol Gl il aias
ey ezt Ghlise slaytehly 5 ol il gl iz
9 Loy wl xdaw S g oyhs &lz..u VUL K PR EN
izl Jole glayed 4 whhd 3955 Gy @ PO Ken
s9ac b g oS5y ohd G dygly Glalidl o sl s L
9 ol 230 Gl ) o8 i x> oy by yud

WAA ;i3 (Y o5lad 09 oy98

2 whld 5955 Gludad g (6340 (2T
&3le sloyms

MSc (5580 oo

Ol ol S yunl Simiuo oKadls SilSe uwdige 048l
PhD *,31,95 ylobwssw

Ol el S yaal i o&adls SilSe uwdige 048l

03:S>

4 S ShhS 35y Spalips 3 b Kbl Ll anllhs ool s
olid Sl wlls )y oyt il oxd Gy (silge slapd
2)A A0 390> siloe Juatio yud ay oS (Gloyhd e (g yition M3 (0
s b b 355y Sl el ailine Hud ST 4 Juate 2 didon
wd)S )15 aslllae 390 yed s Aol 3 58 lad oaiiS 395y ol glads
SaSd 02 5 20 wyged 02 byl hugl bl Gir s e cwl
wlwlic Zld cwl osl cws @ Jhw ez Ghgy 4 33 g5lodse
oS 395y bl glad (I b o simase gldd 3e(gjleand 9 xS
ey dpday e Gl bl wlz e cep gud gled GalS g
P& cwl pdSE Ol > ey Il A U )0 e3game jd ophd L
Bl oSy )93y ophad s ple0 U« ¥0 ply lapd jome dlols dga=0
Gl s ey gl IRl 9Ol andd e 8 Gl Jo bl
b denlio 3 Gaenlio Liaed s 45 cal 03 )l (6550 (slopd iy
31y (g38e g Lt bl

oty 95 5 gile snslS wsrmd Sl (silae lamd wolbd ysby lagglgls
255593l

WAYALA bl gl
WAYNNY <G )l

icp@aut.ac.ir : Jgiumo a.u.w_,ggf

doddo -\

2 e s3ld GB by s glee gle whbsd (gjlula
Lot slodilol g Mmub I8 il yulii Siaie lags 3l
51 logas 58 55 aile gloe @l ol aias ghy 2 3wl
3 omg bbd layilid £53 ol 53 43S0 o sy syl
e 58 gl g oad bgio (GIols slapnd b 39y
G lSiS 55 layed b wlihd 3555 ol 1 ogdle 1 Slaigd o
Zohe GR3Gids 9 65K g Pligiling 5 (558 glayns
1781513 3,58 S5 (slaslgiaol

byl 53 aile loe whd (luliz  cuselal wlallas
0390tk 350 53 eadplail glaimgdy 5l yeS Hlws (g
DhiSan Yo, wlellhe sl D1l s> glae wly
Syaie opd (59, whbd Sl gile whhbd g lnyud
cooled a9l 9 Smge JLid Gudl 51 eslal b 1121 Jg 57 sl
65 by Sle lays p whhd fled edl> Gy 4
Gl cdazniio pulad aggly 4o i ls Glis gl eSlay pasie
o 5 358 by b IS 5 Llgiel eyl (Sl glayns
29050 s s dwiin b Jhow HLi)y il 5y e «
o yad (59 whhd Sae JS& 95 oy @ Blyaiad s fiplo
L) Gilo diwgy § Sl IS JSd 93 Ll Laslsy
Dol cdls (gl sgame gledl Gigy 5 oludad o 51 ealisul
GelSim amsie oLt T s 3isgas il Ly (g3, el
ey (1Bl S)is oxhd e b wbl SooS xhw (uled agly 45
p2 4z 5o Ll S0 soge oylite digSglaSay S
&S o diwgy JSb eed yiday oled dygli g by Glals
L M uiis g 99 3980 liled 313 515 (558 b (5551

e SuilSe usige hbghs - (sale dolinle



VR (S5l (glaysd pr wilihd 3555 Ll g (633 sy pn

odiiley oyhd Sy puo oS ol (gldigSas layud g Sy
b 548 o dlold 3388 oo a8 93 o dold Sho 5 Sipuo
e yioshor AD g YO o580 o5 .00 Juolgd > (d) 355
ghe 93 53 5 by st @385 wygeh Jelsd ol el

iloss Jolo ulSasly e
b5 slatel 53 48l payheee 55 polal s copw b Giaggd
(O S wSGe bas |y sy93a ey 9 3ls L8 apad (655
2203 BN plise ccwlio 33 b pslal pyslewsdy ¢l
6l B9 cul oad 4id)S Hlas 53 4ili SueVA 393> )3
2 &S 3550 pladl wlghe (3351l oY S g jaglal s
glad g oS 3935 )8 glads yusi b oyls J18 gygs Jlde
ow Blie Jolgs gl sd 1 kS jae o g aynd
SIS b osiiSygsp wihihd cuopw 39850 (S)ﬁfo)'bj' oyd
el odel cuws a4 ygsy sl LS LSlmﬁJ)B 33 yglal uu)b)J
0ui¥lg,Sae bagi il (59 ol e agTcwnsay gl
o (6355051831 059,80 @@y @5 b Y (sluml wanslile
5b dw cslie bty 53 Giolesl codls s 3yglcwsds (sl cwl

ROMISERRS

LED light
—————

% Steel fibers

[}
Needle I I
“
- Impacting drop ¢ ,ﬁ(
R

Height control

o

Front view

-
=,

Syringe pump 1000 fps camera

H (Front view) (Top view)

el plil ogoxi (slass (1 JS&

833 (5 5lwdaid og=i g |¢5L'> @Ysleo -V
395y by 5l ) sashe wledbl Slgie Giolel & sz
gleasgime sy wliiz 1 lue Ll WS Jols

)‘.'.z..ﬂ 3D COdgA=0 (9D pa)s Cepw (HgxeDd @Liu.u[aﬂ

Jolgd i 53 cadgazo g 0 sl )3 lugd gy wlyhs
ol s zluswl QB oS L Jeolgd js Layad
wldiz ol 51 @l Nlgice Glalel JUS )s (633e (g5loard
2 s il |y Jol> mlio glaebl colll g s plas )
5l @l jee ao ey g wilihd 35 Seliny caedllao ¢yl
Sloass Jols 18 (633¢ (gilwdd bwgi Calizee w53 s
wlyhd oS L'mTﬂ el 0l dunlio Ly gleodls bzl g
Sy )3 (WiSe plegs gigw I padlaz I e oadiaddys
oBL gl gose Jo 1 i @bl e A 1 sieS 395
o8l sl cepw yuss ‘46 ol odd osliiwl jee A ey
ol 430 pioes¥ sy pod Sl eae cacpu
Jhw ez gy I eslaial byl gy (gose (gl
‘JL:L\.J 09N 5‘4|)T «(§dsdw ‘JLA.MJ Ub)> RO PV ‘alzﬂ [VOF)
@Ysleo el oud w)f )hJ 3 )ls i 94 g u)b>
56 il 53 GVl e o pgzen psiiese 5 Siwss
A 55 wygods wi¥slee ol . Wgd J> cunlbige

2
a—’t’ +7V.(pv) =0 V)
a(pv)

at

Modares Mechanical Engineering

1
+ V(pvv) = (VP — uV?v) + pg + l_)sz ™

doyes Gllaml culld Lilsl b oS waly olas 271 )iSen
be Gl yud @ 0aiiSheby S whbl Gl s> cepw
silagdl ez (gl (Jae 1 5 Gl pladil b 28105y aus”
oyhd pza oS w8ly)d Sye 4 e 95y 55 Wapad (g9, wyhS
Ul pod shad @ili yldo s (595 H93p 3l omg oileadly
sl b oelz Gld=s J> 1291,5),07 5 (cado 395y sl ey
Sl Eess s b ey dhuogdy whhd Ol s> ey pass
6342 5 oy gl b LT basgd onallyl alaly 105l 4yl She
Sl (295 Slexen

> whbd gaxi (5,0 5 Guxd asllhe 4 BUKan 5 oCug
1230 ol Ll ol axsb sy (gamell yud So b 3955 i
23 ool liasgs (65801 4 yamio bl (pwgnemas g i) oS
2 s s pSegz I BlGLSen o iise 9de pd ob
sild SLI slael )5 gyle whbd gl ) LT Ghuad Al
whhd gexi oy asllae b Ll adgad Gupn | (spm
CrSB gl (osSug e i ilize @Il )3 adoix
als slidag ) ad slaydid GIBb Jlisle gl olhe
2 oty whbd by gl ) G5 Gae BAghKen 5 ol
@ pndeil So p whhl Glesnead Sl psmd glayils
c.;‘fy 9 (5):533) (_glm‘c).ul.ia FARRV N ULI.MJ LQAT ‘Ajb)si Cuwd
el Loydgils (g5 wlihd ad) Lol Jole cophad (gl
Wygods pJ.c' (53930 wlellas i dasVe o5 )9bul.oib
o plail (2 wygety lapd b whbd (BiSen g9, 02d
eilellas ool diws 55 .3ildsws 93,5 Uaec wiellao ol el
(93 Wiwd )3 9 NS0 a0 )3 1y Ll jud Sy (59, okl 3,55
Gt Golel g yild (slayns degame (59 whhd i
oyl )3 Layd Sl dlols 4 amgi b aST b ol o0
BT plojem jobay jud sz Ly 95 b whihd a5y el (g ud
Alod (59) whhbd 3e5y Spelips asdlae ulply B0l e
o s conal (gpm8 layild iz 055 0ed 5> Loy
e o dold glee w wlhd 395y s el agdlhe
Obost Ol by 380 S L5 1y (slse slapms
9 o9 4> g (33 Gilwdnd 9 Vb ey (5)l3pngal
elonygl cuod 4 1) (5ilse (slapd b @b 5955 Sl
o3 iyl il joie s> g gl o3 Gl glabadly cogVeay
..))|.> =S g (g3 e;Lu L WLM U"M aS ol

lalejT plaxil ogai ¥
oyhd ol oad sl Glolad V IS 5y Glalel plal (KigSs
gdise by iy 51 L2dlS 15l codi R glad b oaiiSyygsy
200! Jae lpliem (S caay bugi Koy 333 4 oy
S bugh 0xiiS ey o)kl dudsl ey 39d0 puels Qo
b osbie Of Jlw g58 5l ohd S0 e Sy gl
9 4l JSulye ) el oyt 5 0SalSN JBs wlakin
ol @Liu.ulnﬂ byl 3 yie p giguie VY xdaw LS
Fahea) F g LY Oyl g susile yud 5y 0aliS 393y ojhd gled
iz | iy e Jols Sipw 5lail yusi b ol
Ald ylohen FE g ¥ N0 slagleds U Sjas Sl
331 alply amio (hyy dhmogas O 5 lapud wled aygls
9 42WA ply gydn (uled dygly Hlade cwl osd L_g)ﬁfo)'b.ﬂ
el 55 led gl g ool s 4 dz)3¥e g )m (uled 4g;
a8l alold ‘o._«h.u ol oddd L_g)ﬁfo)'l.xﬂ a>00 plyp (ol

Volume 19, Issue 7, July 2019



33398 plolussw g (saie toma WFA

bl o cwl (Ca=pUc/0) (5,305 ssu( 3¢ 36 €A .l
oradle (35 dayly F @i sadse ol (Uet) goled a3 ey
rul ) eygody g Blew!
F - 0.0706
X - \Y)
arccos {1 — 2tanh [5.16 (W) ]}
C).'!' Cwwl 03 e3ly ULMAJ o =Y ‘JS.MJ 3 oal&iuwl g0 45.«..»
tZeuid Jolw )l w5 g 5 el Jold 4l

(_glmdslw SMai el oddd oy s (_,i.\.s)J 3 as 0399 ﬁh.w
33 o Kb Saolins (sl 5 31 o Ml alline L aSut

RO PV daob)_uﬂ dyg340 ﬁ&m
¥
@l

I

I

I

Droplet :

ICIN

[o! |

L7

10€TSs -

i N

I

I

I

I

I

nm‘f“ I

6 mm |
(0 | (<)

d> Gy (Wl Xy dxdo (595 J> (a3 > diels (Y JS&
XY dxdo (59) > 3l (@ g3

S okl b asbplogle Kb g5y shirtimns w¥slae
Sboie 5,5 pgdyinl Sl SeS L g (PISO) 50 e8!
wiye Yol (g 51 oles (§5lediannS (gl ol o > 530
Jolas by, S g bahS Lol oad oslitwl gl
e gowdly Ghgy SeSay 9iSPS lap 5 wlaye
5555935500 aaz gy 51 ST b (53l sl oy S
sl odi odliiwl codd (S9ym0 [40'41101)&.0& 9 (sdgy bwgi &S
L atud A 59y eelio ¥ 3ga> 55 dllus jo gl (5332 J> ol
uu."Lf)é b i7-6900k ,J.u;l o.&.})'l.s)g.‘ ¥ e plecw

wzaol cQLESIVA 05 oliae 9 55,0805 W.Y

b -F

G by Gl slepd g9y whbd (bl wdl> a5
bugi Jigha msSS (5 whhd gl el enleise
wlihd 45 0635 Glo Ll el osds up B Se 5 gadyy/
Iz yusd 51 odiSa wygotsy o ity 2 51 5855 e
Job 51 o6 (Vins) s3T5 (sl didioy px> ol g0
2325 42l 5 o900 (K1) Sisge

Ve = 4mrk=? W)
b el il Singe Jsb 398 by

k™l = o /pg 0
il el g 5 B p b (1S 0 dly ol 3
L] el s pasipisdunlio gl Vins pslio ol
Gloyed glad )3 GudSS el b gjlae glapnd p wlhs
o C.JLU RO W) L_g)ﬁfo)'b.ﬂ G wygod calixe
oo o5 jebplen cudl oxd 53 ) Jsim 3 (g puSeslail
955 Jlate 51 eSSl o5, Sejll il o> 3350

WAA ;a3 (Y o5ladd 19 oy98

9 B p Jlw eyl polid Kby Py Jlap v oS
oS 5 Gl ez Jalae g9 il Sy g IS Gl
d> Jlwe puolis 33 bz @¥sle jl degaze ool .l xbaw
2 ez S b diyisSiny 5 Bz silen olys Lgdie

Xigds 50 0313 ()9 30j gty Joku o 55 (0) 518
p =2iaip; =AaPg + Ay Py )

=2l = gl + Ay iy, ®)

saimslis (W) Guaging 9 l9 51 exiaplis (@) puaging <
Alwgay (_,'ka S ‘(_,'ka M)J L_g‘.’d” LS')? RO ul)l.s
ield 23 engeds (55 wdle 3 1) g o

Sey = okn (755—) ©

ahwsulksahwdln)j)bﬁn‘@kmwdoT))ﬁ
dole 5 bils) 51 ity ahaes bl 5 Jleg sl el

g (0
Va,,
n=—— @)
Va,|
k=-V.n )

by Jas] aslos VOF Jlw o syt 5353 J 55
3315 355 &5 s ST 36 oliwe o5 b 51 35500 J> 5
Jil aolss bl ey LEBLS (gl co3gs yieS Jo dials

ol o o O 51 ez S sl

% +v.V(a,) =0 )
5 an S iy 51 (sl 35 15 55 (o S ol
a,=1-a, QY

ol Gioled ¥ IS 5y (6330 J> slp ealiiw] g0 J> diels
poleo glad b 50,5 slophas Jolis allie agl by .coaml 03
@Jau&mb.w|)w4b>.l)buib)gf>ﬁw)w9R
33 o 55 508 oylans 95 &5l JeBLPIAXT Lbtee
ST ol 5 byd Jebitns o ol (slooylas (595 31
o3 pae b oglgns byd oyad (59, (Al -V JSb) el 585
CSalind wygody oxhd g pud (wled dugly izeed cul 585
8 0lgs 4 (550 byd wiygody B35 30 padle byl ululy
bugi aels oylgsy w0 Jlw (_jw Sl cwl o Jlas!
Jlasl g puled gl Jl sl gl LB oled angly oy
Jlesl o)lgs jolze Jsb 55 i Jlow ahw 5 sgac &S5 lap
9 (-0

n; = n,cosf, + n.sinfy D)
04 5 0)ls2s b 3 wlos g 33ac 4G lay oSy Ne g Nw &
Saebias poled gl el galo g b Saelins wled 4l
G2 hlgy sl ghw g Jhw wled b ey I ol
b ey b o Saolins puled gl (Sily glo sl ol
i - pale 38 JSbay T 51 (5ol 3l 3925 uled
ool ool cund 4 B8 ST bawgs SIS S 53 b BT 9945
6l conled ausly dle (gl piwnS dbyly 51 iasllas gl 5.
b oowled gl el ool BleaySie o Gl o8 o
S (o Lyl 5 eyged

04 =F(Ca+ F~1(6)) )
9y ol gl wdlo 3 o el uled agly B alaily ool 5
o (5355183l azpaWe by gy > 53 5 dzNVA Ll

e SuilSe udige ddghs - (sale dolinle



VPFA (55lga (slayd il 3550 (Gl 9 (5342 oty s

G okl & Galin gde dixe ¥ JSE 43 oS jsbplen
bugh 355y bl @ dily WSee st Glse slayd
Ao gsie bl ol S glaEe by dgdpe iz Lelad b
IS 393y yiyghd (S5lge yud 4 @ ey b ophd S olKin
Lo ale (1S g Yl adsl Guosial 0 Singe 9 Ly (g9
Lo (- ¥ JSb) sad0 (55180 (slapd 5l ophd inlaz &ile g
b Gl o RSl Azl 53 9 95y ey A3l
23 bl okl lalie 39doe Taz b Sl eaiiS 393 o)had
Gl e I Slgice wiz sm eyl YL gl
SV b 93 o (5550 wewd I L (0 - JS) opad
2 &ly 5> il Glast (3 =¥ JS) plojps cwend 935251 L (2
2ok s s gl bz @ Jlw (ol o oKin
0S80 gl (F JSb) 39d0 pumdd Wopd (g cowd
(Kimse 3 L (so) 0lz 95 52 53 pglie (ap oy
Gl S ade (IS 5 Graynl) Shme e n cunbie
2 olyz Ol & euiSe B8 g9d9e ol Sl Julxd
olsz 93 oalnly il Glasl yud 95 (5350 b3 5l d alols
5 Vi pze 4y d alold U layd o jS5e aliold 53 S0 oJlow
(O JS3) eyl V2 g s (R) sphas gl 5 d alols 51 (g S
53 GHLS (695w LI g iz 55! Jlw bz 93 52 sl
Slogy Jold &5 pglio (59 B b cunnbin iz (gio >
s el We b (Siage 305 5 Wa pud 51 o3l (sl
:ﬁ)b i edls ¥ g L_glmﬁ.g? &ly el g
0.5V, u2, + pVig = Wy + W, O0)
0.50V,u2, + pVog = Wy, + W, (%)
Nigd (e dalxe pj g0 V2 o Vi slopxs (3 dhaily o oS
v, = fodﬂ(R2 — x2)dx,
R Y
v, =f m(R? — x?)dx
d
JUS sl Ui ey b o2y 1 0L HLaS (Rl ()8
oledl s 5 L (598 ) 5 GBs8 by Jlow Seolin
b el il dA Glnshians gl g Lui Jsb 4 0yh8 Jlw
w, = O.Spuiszm-dA - Wy,
da
= O.Spuglf m(R?
—x?)dx, W;z ’ A

a+r
= O.Spung m(R?
d
—x2)dx
Vi slopa> sl cadyity Lz g Lit Gl Jsb 08,5553 L
i ol ol (Sige 95,5 b s (59, Vz g
Wey = 0Ly, (cos(8,) — cos(8,))mr , W, =
oLy, (cos(6,) — cos(8,))nmr
ghw dhwsdy hugle wgod cwwd o gl Ghue> Jsb
0P L dsde Jelo ayud (g9, pm o cddpgal A
dsb Az 5l V2 ez g A1 il Vi ez crdpgai hw
b el ply Gl
A, A,
Lh1=7, Ly =Tfor(d<R—r)
and )

4> (d>R-7)
R_dfor r

Modares Mechanical Engineering

0%

Ly, =

glad  yide)Sue oy B3SS @ Jate bl Gilmw e () Jes>
alizeo GLQ)Hé

Mm=./Yfr r=.¥mm r=.\rmm 8 glad

Yv/o Yv/o \V/o
YAy YA/« ¢/

Gl )Sae) (p2d (SHliew ez
(g Sae) (6595 il p2x>

S dels (Vid) @slse glased 4 Juate px> digiion s
&S yebplan .cwol 0add o3l HLad ) 3903 53 sy (g pSe51l
Ol b s 4 Jate ol s dinden b0 dbaxde
5L 3 b GlelS Guaw g Gl lanl layed (g alold
daie pae dinden olie pole dglllac )3 lapud Jolgd yuuss
@ Jate pae dindion phN A BLAD 3905 55 (5lge slayad 4
399> 53 (Silge lapd 4 Jate 2o dipden sl ST
glas Rons S 13510 3la51 2d~0.65Rms olys pad 35 s alols
RO Vms ﬁp b 69)5 o)hﬁ L].)ls.a

glad yusi b Gllse slayed » whbd (53550 3sy Seelins
Gy el osd delllhs oyud o dlold g oyhs &lg..u o
@ S By Il 53 eSS e b bt gaginddunlio
whbd Clz > oy pamlede G ) 8SI L okl Sy
Y Jsaz 53 ophd g pud alise glagled )5 pud ST b 3955 5
Cds Ao aeyw 3gd 0 odalin 4S5 jebplan Ll sad o3y9T
ol b glad (hals g caiiSyssy ohd glad a8l L
2 STl whhd e s s gl plalgl Gy wbise
el 00 miweews 2915 Baing 51 6,50 dlio

DO0HDVV

2d: 1 mm 1.2 mm 1.3 mm 1.5 mm 1.7 mm 2.5 mm
(alh
| *x r=016mm * r=03mm + r=0.34 mm|
2 -
1.9 +‘§'
L e+
;§ 18 % i
N |+ +
L7t X ok
* %
X X
16 X
15 .
0.5 1 15
2d/R
ms
(<)

dold b (silge sloyud 4 Jate whhd exs dinday wlpass () BIEYVN)
(@ oephon VE glad b yud g9 ohd S8 i slad () sy
cilize slagled b loyusd 55 dlold cunsy ds( doddy o> Wl

350 4 5550 3535 53 pd ST b whhad 395y 3> cayw (Y Jgaz

r=./\omm r=«/¥mm r=./¥¢mm o glad
(R) osuiS 3595
-/tm/s -joom/s +/[sOdmM/s iogslio)
+NAm/s +/t¥m/s +/tAm/s ool /¥
-\Ym/s «/¥Ym/s -/tm/s Sholiel/E

Volume 19, Issue 7, July 2019



)57)33 olakodiw g (500 Jamo VPO

P b ey Sl sz s Gt @bt b s sl
wdy b5 eaddihl Gldxi o e pedd yldan syl9e
Gline byhd 53 1) @iz o e wlsie Gubie b
il Qi 3> ey Gl U 03 (o ol b gy g
dol> s sleosls @ cawd (55165 Hud g Jelgd 5o
2 0kyz iz el AL lgige SWST ol sedse
2 9ol 5 68 olyz Glalae (e js o« sil d dbis
LY .5)|9 (SLMAJ S 509}1:-4; .xiéluo @Lﬂ.\' d )'| )—UOS alold
ol glad @ plyz AL Jdsas yu8 93 o 350 ol
g1 lg> Gigalay bz @ oyly sluy o 5l Ll Ly
olz 95 2 sl lag Gomd (Gl J> o ST >
ol 0l Sz 4 a2gi b el s 43S i 5 LS,
Slgie 9 Bl ylge yidan 3 1) o8 LB wds glizes S

3555 )18 eslatuol 390 4gl radd lyieds

b Byb a5 Ly 5 Siage glagys IS ubpasde b
V7 910 Lilgy gl g2y joue 3> sy (Aigd(o0 g o)k
L sl 0aiiSysop ohl Giz o cepn cuwl aulxe S
Sloyed iz so ey gl sl Uz g Uer cepw 4eS
A wold sz b g bl e slagled )5 (55lge
a0 odls ialed Y 4ldged 33 (d'=d/R) ;8 93
aols (Al b iz o ey wgdi0 dhzdo o5 jobgles
sy dipdon Abie Gl e 9 Gl Tl ey o
65 ol iz 1 ey o5 18l e il el Ll a>
Ao 39 il Peoln bz iz o e g boyad gl
3o eyl VA B VO 5L 50 (s5lge lapud wis 4> sy
YO il d alols 33 Wz ey ol el dlin s SE wls
Gz 4> gl 113l e G oA 355y oy slad +O
Slozed 3lge ST 33 (33 (silwands bwgi csdduwl=e

compmryve- v

O

ui=1 m/s, R=1 mm and d=0.5 mm
e

@ -
» B A ggc N

? »
2®x0

C

¢
v

~
v}

Q{'.—'\V "l £20 oo o) e

’ (JTU\,LC\_J‘_, L2
. By g
u;=1.2 m/s, R=1.4 mm and d=0.5 mm

6 00 09 00 00 00 00 oo
O() A o

&
c(-/) {\_.5 EG’? ) @D (e - o]

2-(/; 2-: D Q@
C o

u;=+0.8 m/s, R=1 mm and d=0.75 mm

a1 98 &3 &
d A
- ~
-
(D} éu‘)- ‘-‘NL“\.«I (_,r'__, ('\f)‘ Fan ) = “es [+ 0]
VAV O 0@ i B, :
(_J ¢ ( Q [

=

u;=1.2 m/s, R=1.3 mm and d=0.6 mm

(]

(G

(z

o

Ul (3 dlayed o 5550 LAS I Uiz (2 ey gseli sLad Sl okl Gilie (@ (JolS iz (Wl 1silse glapd b whhd 395y Sss (F JSs
3 ysiy bl cud oad i8S 4 o8 (55 5l g 2T UK 5 sl ABGLeY sl ST US oy S 50 o Gilej alold tlayd el 5 She 5l plejen

WAA ;a3 (Y o5ladd 19 oy98

ol 034 )53 pigual y 45

e SuilSe udige ddghs - (sale dolinle



VPOV (55190 (slaysd 1 wlihd 3555 Ll g (6339 sy pp

3Sye o dbold 1l 13 oSy 3555 ey b yilogslior VO glad b yud p yiailie) £ lad b o) 3055 53 (gamgs dxbio 1 sy 51l g yane ok (8 JS5

RO SR TOYG VIV JVRVET-IRY

\
-

J dK ToHgR

Front view

Top view
Gl > 53 duasuiie slaul (sles (& JSB

Analytical solution R=1 mm —-—R=1.3 mm — — R=1.4 mm
Experimentaldata @ R=Imm = R=13mm A R=1.4mm

Numerical simulation O R=1mm B8 R=13mm A R=1.4mm
2 = 2 2
/ #=0.16 mm »=0.3 mm
/
1.5 ® 1.5
@ ‘- o @
3 1 ! : 3 1
3 @ 3
2 X 2
LAY
0.5 Y 0.5
\ \‘ )
[JEAY
0 L3 0
0 0.5 1 0 0.5 1 0 0.5 1
d d d

)08 s sy ol cunmy i glad b b ST 4 cawd le laymd » whhd iz a> wepw (¥ loge

Modares Mechanical Engineering Volume 19, Issue 7, July 2019



33395 plolussw g (saie Lams VWO

2009;52(25-26):5814-5826.

7- Han Z, Chang VW, Zhang L, Tse MS, Tan OK,
Hildemann LM. Preparation of TiO:-coated polyester
fiber filter by spray-coating and its photocatalytic
degradation of gaseous formaldehyde. Aerosol and Air
Quality Research. 2012;12:1327-1335.

8- Han D, Steckl A]. Superhydrophobic and oleophobic
fibers by coaxial electrospinning. LANGMUIR.
2009;25(16):9454-9462.

9- Gac JM, Jackiewicz A, Werner %, Jakubiak S.
Consecutive filtration of solid particles and droplets in
fibrous filters. Separation and Purification Technology.
2016;170:234-240.

10- Kolakaluri R, Murphy E, Subramaniam S, Brown RC,
Fox RO. Filtration model for polydisperse aerosols in
gas-solid flow using granule-resolved direct numerical
simulation. AIChE Journal. 2015;61(11):3594-3606.

11- Sim KM, Park HS, Bae GN, Jung JH. Antimicrobial
nanoparticle-coated electrostatic air filter with high
filtration efficiency and low pressure drop. Science of
The Total Environment. 2015;533:266-274.

12- Carroll BJ]. The equilibrium of liquid drops on smooth
and rough circular cylinders. Journal of Colloid and
Interface Science. 1984;97(1):195-200.

13- McHale G, Newton MI. Global geometry and the
equilibrium shapes of liquid drops on fibers. Colloids and
Surfaces A: Physicochemical and Engineering Aspects.
2002;206(1-3):79-86.

14- Wu XF, Dzenis YA. Droplet on a fiber: Geometrical
shape and contact angle. Acta Mechanica. 2006;185(3-
4):215-225.

15- Bedarkar A, Wu XF, Vaynberg A. Wetting of liquid
droplets on two parallel filaments. Applied Surface
Science. 2010;256(23):7260-7264.

16- Mei M, Fan |, Shou D. The gravitational effect on the
geometric profiles of droplets on horizontal fibers. Soft
Matter. 2013;9(43):10324-10334.

17- Jamali M, Moghadam A, Vahedi Tafreshi H,
Pourdeyhimi B. Droplet adhesion to hydrophobic fibrous
surfaces. Applied Surface Science. 2018;456:626-636.
18- Hung LS, Yao SC. Experimental investigation of the
impaction of water droplets on cylindrical objects.
International Journal of Multiphase flow.
1999;25(8):1545-1559.

19- Hung LS, Yao SC. Dripping phenomena of water
droplets impacted on horizontal wire screens.
International Journal of Multiphase Flow. 2002;28(1):93-
104.

20- Pasandideh-Fard M, Bussmann M, Chandra S,
Mostaghimi ]. Simulating droplet impact on a substrate
of arbitrary shape. Atomization and Sprays.
2001;11(4):397-414.

21- Liang G, Guo Y, Yang Y, Guo S, Shen S. Special
phenomena from a single liquid drop impact on wetted
cylindrical surfaces. Experimental Thermal and Fluid
Science. 2013;51:18-27.

22- Liang G, Guo Y, Yang Y, Shen S. Liquid sheet
behaviors during a drop impact on wetted cylindrical
surfaces. International Communications in Heat and
Mass Transfer. 2014;54:67-74.

23- Lorenceau E, Clanet C, Quéré D. Capturing drops with
a thin fiber. Journal of Colloid and Interface Science.
2004;279(1):192-197.

24- Lorenceau E, Clanet C, Quéré D, Vignes-Adler M. Off-
centre impact on a horizontal fibre. The European
Physical Journal Special Topics. 2009;166(1):3-6.

WAA ;i3 (Y o5lad 09 oy98

(S50 5 (SAingez -0

» wbhd yesy el 5 Suilinl > el asllhe 5
G350 ez wdle b 2t 5 @lonyS Guyn |y ilse lapms
bugi whlhd Gls ao e cuwl 0ad duslio yu8ST L oylad
9 s glad 0aSye3y o)kl glad yusi b slge slaped
dol> (336 (5ludse 9 u2d wygod oypad j9me (g alols
2l gy Slosd duglie Gldad Jo b 20l 3 ol 00
el 325 Ylge wygods

Silae Glapmd 4 Jate lgie &5 glophd s dindon -)
iy ez A B 1AD 3gu> cilay 3L Sibiwl wpgoa
ROV VLR CPTR PEPNE:

Gloped glad (ials 5 caiSyssy ohd glad Gialisl b -
29850 315 (55150 (slaymd (59 okl iz a> ey (5 lge
LIz s> ey (silge s seme g abols Gialisl b Y
b pEelS e 5 a2l lal 5> ks

ABNABND 3L 53 (s5lge slayed iz a> ey dipdion -F
sl Ol ud ST Lis A ey

3 oslasel b Jlw ez (g, b a8 Seyge 342 (55lode -0
ly xS 5 ST b 5Ll )3 45S9dlgnl LAz by,
b i s capw ilgie (93 @8 bl Saelias poled
A2 ol ) 3ye5y Saelins 9 33y e

w5l 9 I andd Gulely eaddll GLlxi o -f
Ao Al Ods s cs w3l Gl

ol ol (lo u‘f.).w.us; 6o 5l )50 15313548 g ;S

caol ot ol B aingh (om0 51 (5290 1IN anls

el 0345 Gl o Bingd (o 5l (5290 1@8lie (ylas

oAj)LiJ (Jg!  oxwwgl) (s3ho  Jexo Olf"“'“‘t’.y o
e Gladuwims (%) cou 015K/ Lol Simgi/desio
(%F+) (sel Slloxi/ Lol Sitimgial i gy (09 0diuish)
ol ol lo u‘f.).w.us; S 3l (5390 1slle &.!Lm

&lis
1- Liew TP, Conder JR. Fine mist filtration by wet
filters—I. Liquid saturation and flow resistance of
fibrous filters. Journal of Aerosol Science.
1985;16(6):497-509.
2- Bourrous S, Bouilloux L, Ouf FX, Lemaitre P, Nerisson
P, Thomas D, et al. Measurement and modeling of
pressure drop of HEPA filters clogged with ultrafine
particles. Powder Technology. 2016;289:109-117.
3- Agranovski IE, Braddock RD. Filtration of liquid
aerosols on nonwettable fibrous filters. AIChE Journal.
1998;44(12):27754-2783.
4- Liu Z, Ji Z, Zhang ], Li L. Influence of processing
parameters on gas-liquid filtration performance of
fibrous filter cartridge. Procedia  Engineering.
2015;102:911-920.
5- Mead-Hunter R, King AJC, Mullins BJ. 3-Fibrous
filtration of liquid aerosols. Fibrous Filter Media. 2017
Jun: 51-93.
6- Srikar R, Gambaryan-Roisman T, Steffes C, Stephan P,
Tropea C, Yarin AL. Nanofiber coating of surfaces for
intensification of drop or spray impact cooling.
International Journal of Heat and Mass Transfer.

e SuilSe usige hbghs - (sale dolinle



VO (5190 (5lmpsd g3 el 395 (lalat g (340 (1T (sapyd

slopes using VOF-PLIC method. Modares Mechanical
Engineering. 2015;14(11):29-36.

35- Hoffman RL. A study of the advancing interface: II.
Theoretical prediction of the dynamic contact angle in
liquid-gas systems. Journal of Colloid and Interface
Science. 1983;94(2):470-486.

36- Sikalo S, Wilhelm HD, Roisman 1V, Jakirli¢ S, Tropea
C. Dynamic contact angle of spreading droplets:
Experiments and simulations. Physics of Fluids.
2005;17(6):062103.

37- Tanner LH. The spreading of silicone oil drops on
horizontal surfaces. Journal of Physics D: Applied
Physics. 1979;12(9):1473.

38- Cox RG. The dynamics of the spreading of liquids on a
solid surface. Part 1. Viscous flow. Journal of Fluid
Mechanics. 1986;168:169-194.

39- Berg ], editor. Wettability. Boca Raton: CRC Press;
1993

40- Roenby ], Bredmose H, Jasak H. Isoadvector: Free,
fast and accurate vof on arbitrary meshes. The 4th
OpenFOAM User Conference 2016, Cologne - Germany.
Paris: ESI Group; 2016.

41- Roenby ], Eltard-Larsen B, Bredmose H, Jasak H. A
new volume-of-fluild method in openfoam. VII
International Conference on Computational Methods in
Marine Engineering. Nantes: International Center for
Numerical Methods in Engineering; 2017.

42- Padday JF, Pitt AR. The stability of axisymmetric
menisci. Philosophical Transactions of the Royal Society
of London, Series A. 1973;275(1253):489-528.

Modares Mechanical Engineering

25- Sher E, Haim LF, Sher 1. Off-centered impact of water
droplets on a thin horizontal wire. International Journal
of Multiphase Flow. 2013;54:55-60.

26- Piroird K, Clanet C, Lorenceau E, Quéré D. Drops
impacting inclined fibers. Journal of Colloid and Interface
Science. 2009;334:70-74.

27- Dressaire E, Sauret A, Boulogne F, Stone HA. Drop
impact on a flexible fiber. Soft Matter. 2016;12(1):200-
208.

28- Kim SG, Kim W. Drop impact on a fiber. Physics of
Fluids. 2016;28(4):042001.

29- Safavi M, Nourazar SS. Experimental, analytical, and
numerical study of droplet impact on a horizontal fiber.
International Journal of Multiphase Flow. 2019;113:316-
324.

30- Briscoe BJ, Galvin KP, Luckham PF, Saeid AM. Droplet
coalescence on fibres. Colloids and Surfaces.
1991;56:301-312.

31- Mullins BJ, Agranovski IE, Braddock RD, Ho CM.
Effect of fiber orientation on fiber wetting processes.
Journal of Colloid and Interface  Science.
2004;269(2):449-458.

32- Yarin AL, Chase GG, Liu W, Doiphode SV, Reneker DH.
Liquid drop growth on a fiber. AIChE Journal
2006;52(1):217-227.

33- Yuan Y, Lee TR. Contact angle and wetting
properties. Surface Science Techniques. 2013;51:3-34.
34- Ansari MR, Salimi E, Habibpour B, Adibi P. Numerical
simulation and investigation of bubble velocity and
deformation in inclined channel with two consecutive

Volume 19, Issue 7, July 2019





