Tables

Fundamental Quantities

Mass m = mass of one atom
Length o

Energy ¢

Time oym /e

Derived Quantities

Adiabatic compressibility k¥
Configurational internal energy ux
Density p*
Force F*
Heat capacity €Y
Radial position r*
Pressure Py
Temperature T
Thermal pressure coefficient vy
Total energy E*

*

Velocity v
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Table 2.1 System of units dsed insoft-
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Interaction Pair £(ev) o A)
He 0.88075 2.6
Ar 10.35 3.405
Xe 19.83 4.055

Table 2.2 The physical parameters of helium, argon and xenon in Lennard-Jones potential
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Fig.1.1 The various impingement of regions identified in the spray-film interaction model
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Figure 2.1 Molecular Dynamics flow chart
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Figure 2.3 The different approaches to computing interactions: all pairs, cell subdivision, and

neighbor lists
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Figure 2.5 The neighbor list + link-cell method
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Figure 2.6 The flow chart for parallel molecular dynamics simulation using dynamic domain

decomposition.
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Figure 3.1 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =7 o, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.2 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =7 o, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.3 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =7 o ,, fordo,, film thickness. Time increment: 1 time step
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Figure 3.4 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,
droplet radius =110 ,, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.5 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =11 o ,, for .4':O-A|: film 'tﬁ"ickness. Time increment: 1 time step
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Figure 3.6 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =110 ,, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.7 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =14.5 O'Ar‘:ﬂfar"ﬁ‘-o{f}_le;n iﬁrgk:\ess Time increment: 1 time step
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Figure 3.8 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =14.50,, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.9 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =14.50 ,, ..fO'I;:A O film fhic}gness. Time increment: 1 time step

Figure 3.10 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =7 o, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.11 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =7 o, ford o, filmthickness. Time increment: 1 time step
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Figure 3.12 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =7 o, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.13 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =11 0,,, fon4o,,, film thickness. Time increment: 1 time step

&

L ey
o

E 3 e
- P |
. - i
L P f—

Figure 3.14 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =11 o, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.15 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =11 o7, f.qr"4:"o'H; film 'tfiiekpess. Time increment: 1 time step
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Figure 3.16 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =14.50,, for 4o, film thickness. Time increment: 1 time step
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Figure 3.17 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

A LT E I .
droplet radius =14.50,, fordo, filmthickness. Time increment: 1 time step
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Figure 3.18 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =14.50,, for 4o, film thickness. Time increment: 1 time step
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Figure 3.19 The evolution of the aroplet Impinging on the liquia Tiim with the velocity 2000m/s,

droplet radius =7 o, ford o, filmthickness. Time increment: 1 time step
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Figure 3.20 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =7 o, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.21 The evolution ot the droplet impinging on the liquid tilm with the velocity 500m/s,

droplet radius =7 o, fordo,, film thickness. Time increment: 1 time step
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Figure 3.22 The evolution ot the droplet Impinging on the liquid Tiim with the velocity 2000m/s,

droplet radius =11 o, for 4 o, film thickness. Time increment: 1 time step
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Figure 3.23 The evolution ot the droplet Impinging on the liquid Tiim with the velocity 1000m/s,

droplet radius =11 oy, for '4-'0'Xe‘ film 'tﬁ'iokness. Time increment: 1 time step
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Figure 3.24 The evolution ot the droplet impinging on the liquid Tiim with the velocity 500m/s,

droplet radius =11 o, for 4 o, film thickness. Time increment: 1 time step

52



Figure 3.25 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

ARy . o .
droplet radius =14.5 0, fgr?,ﬂ’-&ﬁ:ﬁhﬁ:ﬁggkness. Time increment: 1 time step
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Figure 3.26 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =14.50, for 4o, film thickness. Time increment: 1 time step
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Figure 3.27 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =14.50, .fofjil O yo film thickness. Time increment: 1 time step
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Figure 3.28 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,
droplet radius =7 o ,, for 8 0 ,, film thickness. Time increment: 1 time step
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Figure 3.29 The evolution of the droplet:iimpinging onthe liquid film with the velocity 1000m/s,

droplet radius =7 0 4 for 8 @, film-thickness: Time increment: 1 time step
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Figure 3.30 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =7 o ,, for 8 0 ,, film thickness. Time increment: 1 time step
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Figure 3.31 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =11 07, fg_r‘8jb‘A, film t'h::i'(:krless. Time increment: 1 time step
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Figure 3.32 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =11 o ,, for 8 o, film thickness. Time increment: 1 time step
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Figure 3.33 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =11 0, for8c,, film tﬁbk;;ess Time increment: 1 time step
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Figure 3.34 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =14.5 0 ,, for 8 o , film thickness. Time increment: 1 time step
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Figure 3.35 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

SALERRLS . A .
droplet radius =14.5 o 5, for8,, filmthickness. Time increment: 1 time step
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Figure 3.36 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =14.5 0 ,, for 8 o , film thickness. Time increment: 1 time step

58



Figure 3.37 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =7 o, for, 8@, film thickness. Time increment: 1 time step

Figure 3.38 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =7 o', for 8 o, film thickness. Time increment: 1 time step
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Figure 3.39 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =7 o, for, 8@, film thickness. Time increment: 1 time step
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Figure 3.40 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =11 o, for 8 o', film thickness. Time increment: 1 time step
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Figure 3.41 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =11 o7, fpr-'sj'O'He film t'ri:ibkness. Time increment: 1 time step
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Figure 3.42 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =11 o, for 8 o', film thickness. Time increment: 1 time step
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Figure 3.43 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

a0 LT L .
droplet radius =14.5 o, for 86, film thickness. Time increment: 1 time step
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Figure 3.44 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =14.5 o, for 8 o, film thickness. Time increment: 1 time step
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Figure 3.45 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =14.5 0, fqr"SO'He film'tﬁickness. Time increment: 1 time step
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Figure 3.46 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =7 o'y, for 8 o, film thickness. Time increment: 1 time step
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Figure 3.47 The evolution of the droplet impinging on the liquid Tilm with the velocity 1000m/s,

droplet radius =7 oy, for, 8 @', film thickness. Time increment: 1 time step
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Figure 3.48 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =7 o'y, for 8 o, film thickness. Time increment: 1 time step
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Figure 3.49 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =11 &, for8 6y, film thickness. Time increment: 1 time step
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Figure 3.50 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =11 o, for 8 o, film thickness. Time increment: 1 time step
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Figure 3.51 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

W% ."a"-"l— ..‘I' N . . .
droplet radius =11 oy, for8 &y, film thickness. Time increment: 1 time step
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Figure 3.52 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =14.5 o for 8 o, film thickness. Time increment: 1 time step
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Figure 3.53 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =14.5 o, for86,, filmthickness. Time increment: 1 time step
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Figure 3.54 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =14.5 o for 8 o, film thickness. Time increment: 1 time step
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Figure 3.55 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =7 0, for 16 &, film thickness. Time increment: 1 time step
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Figure 3.56 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =7 0, for 16 o, film thickness. Time increment: 1 time step
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Figure 3.57 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =7 o, for 166, film t‘h‘i"ckrﬁjess. Time increment: 1 time step
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Figure 3.58 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =11 0, for 16 &, film thickness. Time increment: 1 time step
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Figure 3.59 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =11 0 ,, for, '1'6"0'Ar‘ film 'tﬁ'iclgpess. Time increment: 1 time step
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Figure 3.60 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =11 0, for 16 &, film thickness. Time increment: 1 time step
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Figure 3.61 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,
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droplet radius =14.50 ,, ffglﬂ‘iﬁf'o)'xr_ﬁlm'-‘f:ﬁp_glﬁ(ness. Time increment: 1 time step
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Figure 3.62 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =14.5 0, for 16 &, film thickness. Time increment: 1 time step
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Figure 3.63 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =14.50 ,, fgr"l"é O ar film fhic}gness. Time increment: 1 time step
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Figure 3.64 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =7 o, for 16 o, film thickness. Time increment: 1 time step
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Figure 3.65 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =7 o, for 16 &, film thickness. Time increment: 1 time step
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Figure 3.66 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =7 o, for 16 o film thickness. Time increment: 1 time step
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Figure 3.67 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =11 o, for, 16, film thickness. Time increment: 1 time step
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Figure 3.68 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =11 o, for 16 o, film thickness. Time increment: 1 time step
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Figure 3.69 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =11 o, for, -_lB:’é‘H; film 'tﬁjekpess. Time increment: 1 time step
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Figure 3.70 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =14.5 o, for 16 o, film thickness. Time increment: 1 time step
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Figure 3.71 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =14.5 o, fori 166, film thickness. Time increment: 1 time step
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Figure 3.72 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =14.5 o, for 16 o, film thickness. Time increment: 1 time step
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Figure 3.73 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =7 oy, for 16 &', film thickness. Time increment: 1 time step

Figure 3.74 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =7 oy, for 16 o, film thickness. Time increment: 1 time step

77



L ] -
[ ] -
- -
F Y

Figure 3.75 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =7 o, for 166, film thickness. Time increment: 1 time step
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Figure 3.76 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,

droplet radius =11 o'y, for 16 o, film thickness. Time increment: 1 time step
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Figure 3.77 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =11 0, for. 460"y, film thickness. Time increment: 1 time step
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Figure 3.78 The evolution of the droplet impinging on the liquid film with the velocity 500m/s,

droplet radius =11 o'y, for 16 o, film thickness. Time increment: 1 time step
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Figure 3.79 The evolution of the droplet impinging on the liquid film with the velocity 2000m/s,
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droplet radius =14.5 0, fqg@ﬁ-ﬁi:ﬁlf%ﬁii_gkness. Time increment: 1 time step
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Figure 3.80 The evolution of the droplet impinging on the liquid film with the velocity 1000m/s,

droplet radius =14.5 o, for 16 0, film thickness. Time increment: 1 time step
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Figure 3.81 The evolution of the droglle_t"'iirhpi'ngihg" 5j1?*1;he liquid film with the velocity 500m/s,

L

droplet radius =14.5 o'y, for 16 Oye fi,:!m?th_it::kné’ss. Time increment: 1 time step
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Figure 3.82 Comparison of non-dimensional deformation radius and height of droplet with

different impact velocity (a) 500m/s (b) 1000m/s (c) 2000m/s ( film thickness=8 & ,, and

droplet size=110,,)

81



40

Time -st;p

HelD

Lo oinelipuslopiofoniol

Dioiilioialinailonniloieilisailogni

Figure 3.83 Comparison of non-dimensional deformation radius and height of droplet with

different film thickness (a) 40 ,, (b) 80, (c) 16 0, ( droplet size=110,, and impact

velocity=1000m/s )
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Figure 3.84 Comparison of non-dimensional deformation radius and height of droplet with

different droplet size (a) 70, (b) 110, (c) 1450, ( film thickness=8 & ,, and impact

velocity=1000m/s )
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