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Numerical and analytical model of theinclined impact of adroplet on asolid surface in

athermal spray coating process

Saeed Asadi, Mohammad Passandidelrard and Mohammad Moghiman
Department of Mechanical Engineerirfgaculty of Engineering
Ferdowsi University of Mashhad, Mashhad, IRAN

Abstract__In this paper, the inclined impact of a droplet on a solid surface in a spray coating process is studied using both
numerical andanalytical models. The numerical simulation is based on a previously developed model that includes the
solution of NavieiStokes equations along with an equation for the liquid free surface. The contact angle is modeled using
two advancing and recedingg@es at the liquid front on the solid surface. The close agreement between the results of the
numerical model with those of the experiments shows that the model can accurately predict the droplet impact behavior.
Using the balance of droplet energy befarel after the impact, a simple analytical model is presented for the maximum
spread of a droplet during an inclined impact. This model is an extension of a previously developed model for the normal
impact of a droplet on a solid surface. A comparison batvike results of the analytical model with those of the simulations

and experiments verifies the accuracy of the analytical model predictions for the maximum spread of a droplet in a spray
coating process. Based on the analytical model, for high Reynotdbers and small angles of impact, the effect of Weber
number on the maximum spread is increased. For low Reynolds numbers and impact angles cfygbetar@&imum

spread remains nearly constant.

Keywords: Inclined droplet impact, Droplet spreadinguMerical simulation, Thermal spray, Analytical model



S P 03 SUE Y Gl and DK 5 gl -

’)}‘CE‘LSJ)J”. 3L G b e g 0dd 93 (5518
R I R
)‘ L;\S Cj.lé ;,Q“ oAy QLJL.: \ Jg.& '>J3§L5° rbu‘
Sl g5 5 epledly 230 g Sl Yl
5 ISE il e il Sl Ll s s (DC) s
(Brae 2n ol el 1SS LY Slasis
Lyls 5 obd sy lald des 1ol Ll s

4o e
o el el o n aY ST T
Sls Sy Gl slas s aal pliiaY
Ol il sls sy oA SLERY O SUSS 6l
ol igmmn b 5 LSS, sl G Jsane sla
bl sl ety A3l Wl SO sla il
ons 4 Shle 5 (Sop Jlie o3 pslie Jlw slaaY

(bl ol kug Sl s 6,8 s VL gl 5o

.[Yg\]})\)ﬁ.{éﬂ—ﬂ ﬁﬁl.ldjlﬁ eblﬁ&i).\ﬁ |£;‘ ‘Yl{)l-;mn-g Q)\J? d\-ﬁ-‘;‘l-?
by 58

ity ol —  (shrouding gas)

Loty SE e
3 ——— o s .t '
ol ST D:.—_:
RS e (1A 5
g b
&7 6”{’ (shroud nozzle)

&

DC 35 3l siatlowdly G20 ugh LI &Y T 51 S

gl b ookl 5, passe ok Ol Kiasy

SV Ileslssl 3 a5 e Sl ladyl b s | el
s 1, Ripple gsas s, Y] 0 Ken s Liu [V f
A ged o3lial 3 Jbw e e Aoy w2
o Cﬁu\ ooy b ] UL 5 s e
ol ks 5, 5 g5l and sl [0] SOLA-VOF
53 503 2ol 1y e — el ola sl 5 035 eslin
ol JEE 5 6 s sl s Jde e T
oad 5,55 5o 1y @B Dkl Dud el 5 Asls ann S
5 ekt [P35 (Sl et e b OT Ll
sy oKl 3 s Sldlas s [VOY] 0L

Sl il o e LSas glac kol IS dsbls

ity Sl Al e tegs 51 S
S el maw Ly e b Ol 05 5,55 al e
Jolge o anaaly o sy g oK 30 a8 SCaliys
o3 asly o ad adsl s ade Sl S SUS
S0 35 Ol 5 gl ol o lad (s ol
£33 055 3 DAt el Bl s 5l e AL o e
20S ol Ly maw L)y Sl okl s
S5 Joslse amy oy iy b ST w0 0T O
b o slas IS Sl ok 53 3l S
Sl o 5 Oss DS 55 5 TS ol s
AL



Sl oo 03 S5 A il and DL 5 gl

Looskd 55 pe 3 ) ade o plail S
Gy A= e ot sl S Jie el
Lol 0 S bl e ble 5555 53 pedaw (555 o kB
i s Sl ke alwe Jde ol Sl eslizd
Sledle @ Comd e Sl Bl sl o
Calinds s OSAl gy cal 5 33 ool s3de
bl Sledin, SoS a1 o s ok JSCE5 Y
ol e ol (VY10 ] 8 ise by e
G 03 Oleg s s g BB el e )

35,8 o olendl il dle pladsl b clasiis

$348 (5lwand
bl booskd hle sy 5l IS b Y JSo
G YIS LIS wlsl s esde (ilaand das e OLES
o2 2 el ok plonil Lo oa tlj Ol &g
sl LB VY] mbo & ax 5 L oLl Ol 5 b

Ji))wjvsbﬁ')y}w)w}‘pﬁj)}.w‘

b3 Up oot b 008 395 5 51 5" 0 - Ui
Sl zmhaw 4 h 4l

rl ol 03551 (53de (S 5laand

rSl:- Y ales — A
Sledslas 5 ot s (sl Jold (Sl ¥oles
s 2L, iy il o sl gl <S> sl
il st gl 5 sla 55 bl
indls L (S 5 0S| Jl e mls (e
Jsb 53 0Lz s o2 ol mbaws 15 5 an 55K s

N Ry N L@.J L3S gl ad g e
@los S Slalllas 5035 ) 1) ol oo 4 Jl
el ck-« ookl e ol Cawslie e ()
Ol [V] Oblen 5 5 Byt Dlalllas . Lsls ol
S O P BT LYg v P PR LRGNy A 1
A 53) sl plnl e Sl i 555 p 0k
o lad 5,55 5 (gade (Silwand L3 opl by (U 5 S
ol Jlasl a1 s ) 0dd iy al> e Ol e
23S e sledl
sbdas 4l ‘C’a“ Looolyd o, 5 asdlas s
o lp oy s Sl RS gl e
3 e S e aop ok oy bl
033 Ckiome a5 35 50 Al o OF s o 560 IS
2ok Je [F] 0L 5 3 sl dny [AAF ]l
s ploil IS 5 e i sl (551 43lsn bl
ol o o jlad (g3 500 3,55 pKn 3 ) ade
Wile ol ad plgil 5,05 sln 1 3 Jde LT sl
Vs diile o Do 1B 5 LY Ol ol s
oS (Weben We sl 55 panndl 5 S5 ae
syl Gy s o) @l & Wl Sl
oS > doles [A] OLKes 5 ROISMANT 5
03,51 s (550 s o il elil oS 1 6t
S OF ol s iy STas e e (gl s
Sldie Cueal St L [4] KwoK 5 Ukiwe .xs
Sl el gasn ol iy Sl
L1 s el g esls ploil dale b 5 O ol s 5, 55
eled 53 s S awslie YU s e ,ul e 5 e
Lo lad (65508 3,20 Vb )3 el )l o sl
el o3 8 adlllas Slo o
G3he G dw gilwand b Wl ol s
O 3 oS Jaul i 53 Y5 e o la3 blo 552
VU Sl OF e e 5 (0,50 ¥2 550 53) oS 5l
a8 13 aslas 5550 (ol (@B 5 2 VO JINVee)



Sl s 03 Sl AY il 4 DKes 5 gl /

v.:;—;éa_“l{c»ucjbégﬁigfﬁgjjb);é.u;dn

)

1w

s A 25 2

&

J
5),.1 » @O
()
S
) . FERTRAN
CSF
Brackbill
Sl
S s =3

SLE Y] e 53 (A3 ladlas) sl rlj 355
A3l e Jsd BB eT 0L 53 ey Lail 5 s
>U_>'ﬁ6;)ﬁ;)j;5l:45&5w&.045¢,w\;544p\1
035 2 3l esliial b codd bl dal pelans o Jad
B S R T Bt
ool e s s Gla )AL 5l s, db
2555 5 g 25 o U1 GBI SE Lisa o s
ol Sladlas) 55 rb_u'l Ju;,ﬁtgmrﬁ%y@
L dendly Gk 4 R3l dl Lal oo V) s e
Soo= o ks 0d s VU sl Co w4 g
e o 0155 e il o 435 Sin 35 53 oS e
el 5 &l JUaSH iy 51 o 1 00 s
Jle ey s s ol 3 &S il 515 S s
(Lol 51 J3) elaw 4 Jilo 35555 2 53 05k D oy
A3 dla sl oo 0155 o 1 dnl b sl
(s 8
e 0L 2 gl s 5 p o Sl @S> ¥slas
PV ] 55 n ads n5 JS3 a0 ,kb 0550
DG\/J:O ()
o

W oWy =- topr tpa + Ge LE

ut r r r
(™)

o

mle il TS Prcs sl Sl Voo
) e Sl I\::)JJE‘?MQJ‘#)MT
s a5 bl e b 555 se (o a1
s 03 5

)
.rr s

T=m®V+®V)")



