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Figure 1- Shematic of spray impingement for different liquid volumetric flow rate: (a) Dilute spray, (b) Intermediate spray, (c) Dense
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1. Laser Induced Fluorescence
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3. Orifice
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Figure 2- Schematic of flow blurring injector
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1. Atomization
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Figure 3- Schematic of experimental setup: (1) piston compressor, (2) syringe pump, (3) flow blurring injector,
(4) silicon wafer test surface, (5) camera, (6) LED pulse generator
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Figure 4- Schematic of flow blurring injector: D = 1.6 mm, H = 0.4 mm
3 @bo sl (295 ot ALold ¢ yio Slae /7 5(D) g ka8 5 ale Jlows (5120 yhab oSy by 38 5 ol s —F JSi
oo +[F :(H) i,

£y



@L&) Laj.o.LC5»)l).4 LA)M

6).50)‘&‘ 6‘1.’ ‘u.u.ibj).b U"‘ o oW wl.uo 6)‘of)y p—a—m—a—u} gs.a )‘ oolazwl eLo 4..5/ )‘ 6)‘off3@ B QSLQ‘ ‘Blf
59 g s Ol St oo (9 5Vb cdeas >l jo il oo oolaiwl (5, Kale iy, 5l ole Y Culs
95 2 Jum 3 Al o a5 055 0 sl g 00t 90 3y T Jlows 419,55 1 5l Gy (Spd L5 ol basgi (s
onlply cwl Sllug slhls 0gi g0 KT mdaw (59, a5 mle &Y oIl v bl gl LSis 90 Hioled aas
Oygods mlo Y Cwlhs (urw 05h a8 5 b Y 5l WS patin slawd gatie gloj ojh U o aS cl oY
Sl Sbrd Gl n )9 piass Sl (ARg% Cnl )2 398 (5155 eadoly slaaSe )3 oudsSejlul palis I (Sl
Oep90 le |y ailie e Vo lye SO sl b 5y98 by o oRiws ol ouls solin] mbe Y 51 S (28,5
gl (nl Sl fegll B mhaw 605 b By GoSelew iz 5l s (o Jla 5550 elr e S e Jlizms olSe
a5 bl 0,8 S g maw ol el g S AT o lalin] Culbs g e gble /D B ye e gile ¥ b sl)ls
| 0992 6.‘4‘4 S ).uol)la B> c]a...u u)‘ g_;l.‘x.u‘ cde el ool p.._'a.u c.‘a‘.u ;).A G99y P =99 9 odls ails

bl b g s
3 ke 5o el el o b ailiadl o )65 5 5l oads LSCis mle Y Cuwldes (55 oslail Giashy ol plol 5 Lol Gon
odd LS mbe a0 5l Y G b b ailidl 0,95 5 ol 05 plonl s b ailidl its 0595 50 a5 ol p3Y 0 l90
5 NOy asile lga slacans¥T wogs sl Lo SIS ie Wilgh oo 09l oiljgm A Y 1l )8 09290 Jlew ST aS
ol ol Sl oYU ceal )l maw (59, poeal LSS mle Y Culis 0SS ol S bl 6,8
b J5b akols 5 le Jhow som 20 0l Sl ooz (25 il cilizes slo el )y 3l a5 ol onds (crs (2og5y
PR3] @l 0% 18 s 9550 mle Y Culs ojlail g5, 2 (BRELeT 5 S bl Ll 50 s s
aS a2 oo LS pizmad S oo lwgs oy b a5 aiiion ke SO o kil mbe aY Culs aS was o lis
obey 3l b mle aY Culs ojlail a5 o) o ,a el g0 5 00 5 mle Y Cules ol oo Gllug ol aisls
I ol 5 50 LB e 55, 1 005 S5 e Y B ol o shon gty iy (3l el s (28
Al gl Jsb

@ )l gl mle Y Cwlis e Gl el Rale Shgy 59 45 wetd OlFee O JSS 4 4y L
(P JS2) 358 o5 mle 4 gl jlae) Cody pgal Sl mle &Y 50 538 sl S red 4y 0lo ansis
ol 458 ol i 3o 5 Lot g 35101

Liquid film

o

525 um I Surface Surface

Figure 5- (a) background image of test surface, (b) liquid film on test surface
of 695 2 &2l 4Y g 4LLSI ol yob &) gelans uSs (D) g gelams diso iy s (@) -0 S

£Y



VAR Ll ¢pg ol oo juw Jlo (3l ol g S g Lighy — sode 4y i

Liquid film

Figure 6- final processed image of liquid film on the test surface
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Figure 7- Sample image which indicates the thickness of the silicon wafer and liquid film in terms of the pixel number
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Table 1- Liquid film thickness for 10 images with distance from nozzle to surface of 1 cm, water flow rate of 2400 mL/h and air flow
rate of 18 L/min

Liquid film thickness (um) Image number
86.1 1
89.5 2
84.2 3
101.3 4
95.6 5
84 6
90.3 7
102 8
103.8 9
81.7 10
91.85 Average film thickness
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Figure 8- Variation of the liquid film thickness with the volumetric water flow rate in the distance from nozzle to surface of 1 cm
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Figure 10- Spray impingement and liquid film for volumetric water flow rate of 600 mL/h and different volumetric air flow rate in
the distance from nozzle to surface of 1 cm, (a) air flow rate of 10 L/min, (b) air flow rate of 14 L/min, (c) air flow rate of 18 L/min
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Figure 12- Variation of the liquid film thickness with the volumetric water flow rate in the distance from nozzle to surface of 3 cm
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Figure 13- Variation of the liquid film thickness with the volumetric air flow rate in the distance from nozzle to surface of 3 cm
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Figure 14- Spray impingement and liquid film for volumetric water flow rate of 600 mL/h and different volumetric air flow rate in
the distance from nozzle to surface of 3 cm, (a) air flow rate of 10 L/min, (b) air flow rate of 14 L/min, (c) air flow rate of 18 L/min
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Figure 15- Spray impingement and liquid film for volumetric water flow rate of 2400 mL/h and different volumetric air flow rate in
the distance from nozzle to surface of 3 cm, (a) air flow rate of 10 L/min, (b) air flow rate of 14 L/min, (c) air flow rate of 18 L/min
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Figure 16- Variation of liquid film thickness with the distance from nozzle to surface
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English Abstract

Experimental study of liquid film thickness formed by spray impingement

on a solid surface
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Spray impingement on a solid surface has been studied. A flow blurring injector is used to atomized the
liquid. In this type of injector, a back flow of air penetrates into the liquid orifice at the orifice exit just before
the injection surface. The remained air flow rate also squeezes the two phase flow at the orifice exit. Here, the
film thickness formed by the impingement of the spray with a thin wall is measured using imaging
techniques. The results showed that at the high volumetric liquid flow rate there is a liquid film on solid
surface which can lead to an incomplete combustion. There are many parameters which can affect the liquid
film on the surface like liquid and gas flow rates and distance from nozzle to surface. In this study it is
intended to measure and analyze the liquid film which is formed by the spray of the novel injector named
flow blurring injector and investigate the effect of aforementioned parameters.

Keywords: Spray, liquid film, flow blurring injector
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