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Abstract

We photographed molten tin droplets (2.2 mm diameter) landing off-center on a circular splat formed by the impact

and solidification of another, identical drop. Final splat shapes were sensitive to the spacing between droplet centers,

which was varied from 1.0 to 5.0 mm. We used a three-dimensional model of spreading and solidification to simulate

interactions between droplets. The model applied a fixed-grid Eulerian control volume method to solve the fluid dy-

namics and energy conservation equations. A volume-of-fluid algorithm was used to track free surface deformation.

Predictions of droplet shapes during impact from the model agreed well with photographs. By following temperature

variations at different points on the surface of the first splat we could identify locations where remelting occurred and

the splats fused together. Splat shapes observed in experiments with large tin droplets qualitatively resembled those

obtained by plasma-spraying nickel powders on a steel surface.

� 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Several numerical models [1–9] have been developed

in recent years to simulate impact and freezing of molten

metal droplets on a solid substrate. These models are

intended for use in applications such as spray coating or

spray forming, in which molten droplets accelerated by a

gas jet land with high velocity on a solid surface. Splats

formed by flattened droplets fuse together as they so-

lidify, forming a dense layer. The properties of coatings

or objects produced by this method depend on the

shapes and temperature history of individual splats,

which can be predicted using numerical codes.

Since the dynamics of single droplet impact have

been thoroughly investigated, and are reasonably well

understood, the obvious next step is to model the for-

mation of solid layers by the deposition of many drop-

lets. However, this problem has proved so complex that

few researchers have attempted it. Simulating impact of

droplets on an uneven surface requires a fully three-

dimensional model, which places severe demands on

computing resources. Modeling the impact and solidifi-

cation of just a single drop requires many hours of

computer time [9]; simulating the build-up of even a

small area of coating, which may consist of several

thousand droplets, is clearly impractical.

Avoiding this brute-force approach to simulating

spray coating formation, we have attempted a less com-

putationally intensive technique. Our model includes a

set of rules that specify the final splat shape as a function

of droplet impact conditions [10]. Given the velocity,

size and thermophysical properties of a droplet, and

the topology of the substrate it lands on, the model
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assigns a shape to the solidified splat. Accounting for

substrate shape proved to be the most difficult task in

developing spreading rules. We assumed that droplet

spreading was influenced solely by the nearest previously

deposited splat under it. Only two-droplet interactions

were considered while more complex effects were ne-

glected. We used a three-dimensional numerical model

of droplet impact to predict what the final shape would

be when a droplet landed on a previously deposited

splat, with varying offset distances between the centers

of the two drops. This––admittedly simple––method

gave predictions for coating structure that appeared

quite reasonable when compared with experimental

data.

This paper describes a joint experimental and nu-

merical study undertaken to test the abilities of our

model to accurately predict shapes of splats formed by

two-droplet interactions. Previous models [11,12] of se-

quential droplet deposition assumed that their centers

were coincident, that the surface of the bottom splat was

perfectly flat, and that heat transfer was much slower

than the spreading rate of the droplets. None of these

assumptions may be valid in applications of practical

interest. Solidification of a molten droplet can have a

strong effect on its spreading and final shape, and in a

spray process droplets will land at random locations on

an uneven surface.

We photographed the impact of molten tin droplets

(2.2 mm diameter, 2.5 m/s impact velocity) on splats

formed by the spreading and solidification of other,

identical droplets. The distance between the centers of

the two drops ðLÞ was varied from 1 to 5 mm. We used a
three dimensional numerical code to simulate droplet

impact and compared predicted splat shapes with pho-

tographs. The results gave us insight into the dynamics

of droplet interactions, and allowed us to gauge the

accuracy of predictions from the model.

2. Experimental method

The experimental apparatus was a modified version

of the one used earlier by Aziz and Chandra [13], who

have described it in detail. A schematic diagram of it is

shown in Fig. 1. Single tin droplets were released from

the tip of a stainless steel needle (1.588 mm OD and

0.254 mm ID) inserted into the bottom of a heated

chamber filled with molten tin. The diameter of the

needle was so small that surface tension prevented the

tin from flowing out. Rapidly opening and closing a

solenoid valve for 10 ms sent a nitrogen gas pulse from a

69 kPa supply to the molten metal chamber, forcing out

a droplet on demand. The gas in the droplet generator

then escaped to the atmosphere though a vent, relieving

the pressure inside it and preventing further droplets

from escaping. By adjusting the opening of the needle

valve through which the gas was vented the size of

droplets produced could be varied. All tests described in

this paper were done with 2.2 mm diameter tin droplets.

Droplet fell under their own weight onto a stainless

steel test surface, traveling through a 25.4 mm diameter

aluminum tube that was heated using a rope heater and

landing with a velocity of 2.5 m/s on the test surface.

Calculation of heat loss from droplets during their fall

[14] showed that their temperature at the moment of

impact was approximately 240 �C. The experiment
was performed in a nitrogen atmosphere to prevent tin

droplets from oxidizing. The test surface was placed

Nomenclature

A splat area

C specific heat

D droplet diameter

Dh splat equivalent diameter (¼ 4A=P )
d diameter of droplet

f volume of fluid fraction
~FFb body force

h enthalpy

Hf latent heat of fusion

k thermal conductivity

L offset distance

n̂nl liquid free surface unit normal

n̂ns solidification front unit normal

P splat perimeter

p pressure

q heat flux

Rc thermal contact resistance

t time

T temperature

Tm melting temperature

v volume
~VV velocity

Greek symbols

a thermal diffusivity

b energy equation enthalpy coefficient

c angle between n̂nl and n̂ns
H liquid–solid volume fraction

hls liquid–solid contact angle

m kinematic viscosity

n spread factor

q density

/ energy equation source term
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inside an aluminum chamber (0:3 m� 0:3 m� 0:15 m
in size) that was first evacuated with a vacuum pump

and then filled with nitrogen. A water manometer was

used to measure the pressure inside the chamber and

ensure that it remained constant.

Droplets landed on a 50.8 mm square and 6.4 mm

thick stainless steel plate. The test surface was mounted

on a small optical stage whose movement was controlled

with a programmable controller. After the first droplet

was released it was allowed to cool down and solidify.

The test surface was then moved through the required

distance (1–5 mm) and the second droplet deposited on

top of the first.

Droplet impact was photographed using a single shot

flash photographic method [13]. Droplets were photo-

graphed at a single instant during impact by activating a

8 ls duration flash. As a droplet fell it passed through a
laser beam, whose interruption was used to trigger the

flash. By varying the interval between droplet release and

the flash, different stages of impact were recorded using

a Nikon E3 digital camera, and the entire process of

droplet deformation pieced together from these pictures.

3. Numerical method

3.1. Fluid dynamics and heat transfer of spreading

Fluid dynamics in the deforming droplet is governed

by mass and momentum conservation equations:

Fig. 1. Schematic diagram of experimental apparatus.
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r � ~VV ¼ 0; ð1Þ

o~VV
ot

þr � ð~VV ~VV Þ ¼ � 1
q
rp þ mr2~VV þ 1

q
~FFb; ð2Þ

where ~VV is the velocity vector, p the pressure, q the
density, m kinematic viscosity and ~FFb body forces acting

on the fluid. The fluid flow was assumed to be Newto-

nian, laminar and incompressible. It was assumed that

only normal stresses were exerted on the free surface of

droplets and any effect of ambient air on their motion

was neglected. The governing equations were discretized

using finite volume techniques on a 3-D Eulerian struc-

tured grid. The volume-of-fluid (VOF) algorithm was

Table 1

Properties of tin and stainless steel (AISI 304) used in the numerical analysis

Property Tin Stainless steel (AISI 304)

(25–240 �C) 27 �C 127 �C 327 �C

Density (q, kg/m3) 6970 7900 7900 7900

Specific heat (C, J/kgK) 244 477 515 557

Thermal conductivity (k, W/mK) 33.6 (fluid) 14.9 16.6 19.8

62.2 (solid)

Kinematic viscosity (m, m2/s) 2:75� 10�7 – – –

Surface tension (N/m) 0.526 – – –

Fig. 2. Impact of a 2.2 mm diameter tin droplet landing with a velocity of 2.5 m/s on a splat formed by depositing another identical

drop. The center of the second droplet is offset 1.0 mm from that of the first.
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used to track the free surface deformation. The volume-

of-fluid ðf Þ is defined as the fraction of a cell volume
occupied by fluid (f ¼ 1 for a fully occupied cell by the
fluid, f ¼ 0 for an empty cell and 0 < f < 1 for an in-
terface cell). The advection equation of f ,

of
ot

þ ð~VV �~rÞf ¼ 0; ð3Þ

was solved along with the mass and momentum con-

servation equations. Surface tension was considered to

be a component of the body force ð~FFbÞ acting on the fluid
free surface, by using the continuum surface force (CSF)

model [15]. Fluid flow boundary conditions were no-slip

and no-penetration at solid surfaces. Laplace�s equation
was used to determine the pressure jump across free

liquid surfaces. Advancing and receding contact angles

were specified along liquid–solid contact lines. Based on

measurements from photographs [13], the dynamic ad-

vancing and receding contact angles for tin on stainless

steel were set as 140� and 40�, respectively. The dynamic

contact angle between liquid tin and solid tin was as-

sumed to be 90�.
The conservation of energy equation was solved to

calculate heat transfer in the droplet. In order to have

only one dependent variable in the energy equation, i.e.

enthalpy h, the enthalpy transforming model of Cao
et al. [16] was employed. Neglecting viscous dissipation,

the energy equation can be rewritten as [17]:

q
oh
ot

þ qð~VV �~rÞh ¼ r2ðbhÞ þ r2/: ð4Þ

The main advantage of this method is that it allows

simultaneous solution of the energy equation in both

liquid and solid phases. Assuming that phase change

occurs at a single temperature (as is the case in pure

substances), the enthalpy coefficient ðbÞ and source term
ð/Þ for the solid phase ðh6 0Þ become b ¼ ks=Cs and
/ ¼ 0, where k represents the thermal conductivity and
C the specific heat. At the liquid–solid interface, where
both phases co-exist ð0 < h < HfÞ b and / are both

Fig. 3. Impact of a 2.2 mm diameter tin droplet landing with a velocity of 2.5 m/s on a splat formed by depositing another identical

drop. The center of the second droplet is offset 2.0 mm from that of the first.
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reduced to zero and in the liquid phase ðhPHfÞ they
become b ¼ kl=Cl and / ¼ �Hfkl=Cl. Densities were
assumed to be constant and equal to each other in both

phases. The enthalpy calculated from Eq. (3) can be

converted to temperature by:

T ¼ Tm þ 1
k
ðbhþ /Þ; ð5Þ

where Tm is the melting point of the droplet.

The effect of convection and radiation from the free

liquid surface was neglected. The heat flux ðqÞ at the of
droplet-substrate interface was:

q ¼ ðT � TwÞsubstrate
Rc

; ð6Þ

where Rc represents the thermal contact resistance be-
tween droplet and substrate per unit area and Tw the
substrate temperature. A value of Rc ¼ 2� 10�6 m2 K/W

Fig. 4. Top and bottom views of splats, each formed by the deposition of 2.2 mm diameter tin droplets on top of another, with offset

distances varying from 1.0 to 5.0 mm.
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was used at all interfaces in the model, based on pub-

lished data in the literature [13]. An adiabatic bound-

ary condition was applied at the droplet free surface

and on the exposed portions of the substrate that were

not covered by the droplet. Heat transfer within the

substrate was by conduction alone. Properties of tin

and stainless steel were taken from Incropera et al.

[18] and Boyer et al. [19]. Properties of molten drop-

lets were assumed to be constant, but substrate ther-

mal properties were allowed to vary with temperature

(Table 1).

3.2. Phase change and solidification

Advance of the solidification front was described by a

modified version of the fixed velocity method [15], em-

ploying a special case of two-phase flow, in which the

first phase is the liquid, with volume fraction H, and the
second phase is the solid, with volume fraction ð1� HÞ.
The volume fraction H is a parameter whose value is
equal to one in the liquid and zero in the solid. The

volume-of-fluid ðf Þ is the fraction of cell volume occu-
pied by the fluid. When both phases exist in a cell, (i.e.,

Fig. 5. Comparison of photographs and computer generated

images of a 2.2 mm diameter tin droplet landing with a velocity

of 2.5 m/s at a point 3.0 mm from the center of a solidified splat.

Fig. 6. Comparison of photographs and computer generated

images of a 2.2 mm diameter tin droplet landing with a velocity

of 2.5 m/s at a point 4.0 mm from the center of a solidified splat.
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liquid flows over its own solid) f is the fraction of a cell
volume occupied by both liquid and solid while H is the
liquid fraction of f existing in the cell.
For cells with a value ofH satisfying 0 < H < 1, both

phases exist; the liquid portion ðHÞ is free to flow while
the remaining portion ð1� HÞ is solid. Eqs. (1)–(3) for
these cells are modified to [9]:

~r � ðH~VV Þ ¼ 0; ð7Þ

oðH~VV Þ
ot

þ ðH~VV �~rÞ~VV ¼ �H
q

~rp þ Hmr2~VV þ H
q
~FFb; ð8Þ

of
ot

þ ðH~VV �~rÞf ¼ 0: ð9Þ

The method of solution of Eqs. (7)–(9) is a two-step

projection method described in detail by Bussmann et al.

[14]. Young�s algorithm was applied to regenerate the
free surface interface by locating a plane within each free

surface cell. The computational algorithms used for Eqs.

(7)–(9) were the same as those applied in cells with no

solid, except that the solidified region was treated as a

liquid with zero velocity.

A no-slip condition boundary condition was applied

at the solidification front and contact angles prescribed

at all liquid–solid contact lines. Since these lines were

moving we first needed to locate their position in the

model. At the solidification front the contact angle was

defined as the angle between the unit normal vector,

n̂nl ¼ ~rf =j~rf j, pointing into the liquid phase and the
unit normal, n̂ns ¼ �~rH=j~rHj, pointing into the solid
phase at every point along the contact line. Normals

were evaluated at any vertex of the solid cells adjacent to

the contact line. The angle between the two unit normals

Fig. 7. Variation of droplet surface area during impact of a 2.2 mm diameter tin droplet on a solidified splat, with varying center offset

distance.

Fig. 8. Variation of spread factor during impact of a 2.2 mm diameter tin droplet on a solidified splat, with varying center offset

distance.
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was obtained from c ¼ cos�1ðn̂nl � n̂nsÞ. As solidification
progressed, the direction of unit normals n̂nl and n̂ns
changed with location on the contact line.

Simulations were carried out on a Sparc SUNW,

Ultra-4, machine using a mesh that had uniform grid

spacing in x, y and z directions, equal to 20 cells per ra-
dius of the impacting droplets. Symmetry about the plane

passing through the droplet centers allowed us to confine

our calculation domain to half of each droplet.

4. Results and discussion

Fig. 2 shows a sequence of photographs of the im-

pact of a 2.2 mm tin droplet, landing with a velocity of

2.5 m/s on a splat formed by another identical droplet,

with the center of the second drop offset by 1.0 mm from

that of the first. The time of each picture, measured from

the instant of impact of the second drop, is indicated

below every frame. The droplet spread out radially into

a disk-shape, almost entirely covering the lower splat.

Cross-sections through the splats showed that they had

bonded together well, with the interface between them

having melted and resolidified sufficiently to join the two

droplets.

Fig. 3 shows a similar set of pictures of droplet im-

pact, under conditions almost identical to those of Fig.

2, the only difference being that the offset distance of the

second droplet was increased to 2 mm. The spreading

droplet was closer to the edge of the first splat and a

Fig. 9. Calculated temperature distributions inside 2.2 mm diameter tin droplets, initially at 240 �C, landing on a stainless steel surface
at 25 �C. The second droplet lands with its center 3.0 mm from that of the first, after the first droplet and the substrate have cooled to
25 �C.
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larger portion of it flowed onto the steel substrate. It

therefore assumed a shape more elongated than that of

the droplet with 1 mm offset.

The final shape of the second droplet was very sen-

sitive to the location of its point of impact. Fig. 4 shows

photographs of solidified splats, photographed from

both top and bottom, collected from droplet impacts

with offset spacing varying from L ¼ 1 to 5 mm. Even
small changes in impact position strongly affected the

splat morphology. Droplets landing with L ¼ 1:0 and
2.0 mm spread mostly on the surface of the first splat

and solidified in a roughly circular shape (Fig. 4a and b).

At an offset distance of 3.0 mm the second droplet lan-

ded almost exactly on the edge of the first splat. Most of

the molten tin spread onto the steel substrate, and only

a small portion climbed over the solid splat (Fig. 4c).

When L was increased to 4.0 mm, the droplet initially
landed on the steel substrate. As it spread it hit the edge

of the previous splat so that liquid was diverted to either

side, producing two distinct fingers (Fig. 4d). A droplet

landing 5.0 mm from the first did not touch it until al-

most the end of spreading, and the two were joined with

each other only over a very small area (Fig. 4e).

The numerical model was quite successful in pre-

dicting the dynamics of droplet impact and the shapes of

splats formed by droplet interaction. Fig. 5 shows both

photographs and computer-generated images of a tin

droplet landing on a solidified splat, with their centers

spaced 3 mm apart. In the numerical simulations initial

droplet temperature was set to 240 �C and impact ve-
locity to 2.5 m/s. When the first droplet landed on the

steel substrate molten metal jetted out, away from the

center of the droplet. The rate of solidification was

fastest around the rim of the spreading drop, where it

first contacted the colder substrate, and the metal began

to solidify there. Obstruction of flow by the solidified

layer around the splat rim and surface tension pulling

back the liquid made the molten layer recoil toward the

center of splat until the droplet was completely frozen.

As a result, the solidified splat was thicker around its

periphery than at its center, which we also observed in

experiments (see Fig. 5, t ¼ 0:0 ms). In simulations the
temperature of the splat and the substrate were reset to

25 �C once the first droplet had fully solidified, to ac-
count for cooling in the experiments, and then the sec-

ond droplet was introduced. The impacting droplet

landed on the edge of the splat (Fig. 5, t ¼ 0 ms) and
then spread, most of it flowing onto the steel substrate.

A small portion of the molten tin climbed over the splat

(t ¼ 2:4 ms). The model captured the salient features of
the flow well. Small discrepancies between the experi-

ment and model, especially near the advancing liquid–

solid contact line, were largely due to uncertainties in the

values used for the contact angle and local thermal

contact resistance.

Fig. 6 shows comparisons between photographs and

computer model predictions for droplet shape during

impact at an offset distance of 4 mm. In this case the

droplet initially landed on the steel surface (Fig. 6, t ¼ 0
ms). As it jetted outwards it encountered the edge of the

solid splat that acted as an obstacle, diverting most of

the liquid to either side in the form of two fingers (Fig. 6,

t ¼ 1:6 ms). Only a small portion of the droplet climbed
over the solidified mass of tin (Fig. 6, t ¼ 4:0 ms).
The size to which a droplet spreads depends on its

distance from the center of the splat below it. Fig. 7

shows the variation of droplet surface area ðAÞ, mea-
sured from images generated by the model, during

Fig. 10. Temperature variation with time at five points (labeled A–E) on the surface of the lower splat during the impact of a second

drop 3.0 mm from the center of the first.
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droplet impact. The area of a single droplet landing and

solidifying on a steel surface increases by a factor of

approximately 6.8. If a second droplet lands quite far

(see Fig. 7, offset distance ¼ 4 mm), there is relatively
little interaction between the two drops and both drops

spread about the same amount. If the second droplet is

very close (offset distance ¼ 2 mm), it flows off the edges
of the first splat so that its surface area increases by a

greater amount. But an intermediate offset distance (3

mm) leads to greatest spreading of the droplet (see Fig.

5) and produces the largest increase in surface area, al-

most 35% greater than that of a single drop.

Distortion of a droplet due to interactions with a

splat on the surface increases both its surface area and

perimeter ðP Þ. A useful length scale to describe spread-
ing of the droplet during impact is the equivalent dia-

meter Dh ¼ 4A=P . Normalizing this by the initial droplet
diameter we define the spread factor n ¼ Dh=d. Fig. 8
shows the variation of n during spreading of droplets
with different values of L. All the droplets show ap-
proximately the same value of n, except for the case of
L ¼ 4 mm, in which case fingering led to a large pe-
rimeter length so that n was smaller.
The numerical model was useful in calculating the

temperature distribution in droplets during impact, as

shown in Fig. 9. The first droplet of molten tin, at an

initial uniform temperature of 240 �C, landed on the
stainless steel substrate at 25 �C (Fig. 9a). Conduction to
the cold substrate rapidly cooled the droplet, so that by

t ¼ 2:4 ms (Fig. 9c) the temperature everywhere in it was
below the melting point of tin (232 �C), and it was en-
tirely frozen. Since solidification started at the edges of

the drop the final splat was thicker at its periphery than

at its center. Once the splat and substrate had cooled

down, which was accomplished in the model by resetting

all temperatures to 25 �C, the second droplet was in-
troduced at an offset distance L ¼ 3 mm (Fig. 9e). As it
spread it was in contact with both the stainless steel

substrate and the tin splat formed by the first droplet.

Since the thermal diffusivity of tin is almost 10 times that

of stainless steel [18], the area in contact with the splat

Fig. 11. Cross-section though splats formed by a 2.2 mm tin

droplet deposited on top of another with their centers offset by

3.0 mm.

Fig. 12. Splats formed by depositing four tin drops along a

straight line, with the center of each drop offset by 2.0, 3.0 and

3.0 mm respectively from that of the previous one.
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cooled faster (Fig. 9g and h). Heat conduction towards

the colder portion of the droplet, which was in contact

with the solid splat, raised the temperature at the in-

terface between solid and molten tin, promoting re-

melting and bonding between the two droplets.

The temperature history of a particular point on the

bottom splat, and remelting there, was sensitive to the

local surface topography. Fig. 10 shows the temperature

variation at five points (labeled A–E) on the surface of

the bottom splat during impact of a second drop at an

offset distance of 3.0 mm. Time t ¼ 0 corresponds to the
instant of deposition of the second drop. The tempera-

ture at points C, D and E (which were closest to the edge

of the splat where the second droplet landed) briefly

exceeded the melting point of tin, so that remelting oc-

curred at those locations. We sometimes observed sig-

nificant differences in temperature between two locations

very close to each other, such as points D and E, de-

pending on the surrounding surface shape and flow over

it. As the second drop spread further, towards the center

of the lower splat, the temperature of the solid under the

advancing interface remained below the melting point

(see Fig. 10, points A and B) and there was no bonding

between the two splats. Examination of splats collected

from experiments confirmed this observation. Fig. 11 is

a micrograph of the cross-section through splats formed

by a droplet being deposited on top of another, with

their centers offset by 3 mm. Near the edge of the top

splat the boundary between the two is clearly visible,

whereas closer to its center the interface between them

disappears, showing evidence of remelting and fusing of

the splats.

We focused only on two-droplet interactions in this

study. In our model of thermal spray coating [10] we had

assumed that the shape assumed by an impinging drop

was determined only by the distance of its center from

that of the nearest splat under it. Experimental evidence

offered some support for this conjecture. Fig. 12 shows a

sequence of photographs taken during the deposition of

four droplets along a straight line. The distances be-

tween the centers of successive drops were 2, 3 and 3 mm

respectively. The shape of the splats appeared similar to

those formed by two-droplet interactions (see Fig. 4)

with the same center spacing, and did not appear greatly

influenced by the presence of other drops.

All the experiments described in the paper were done

with relatively large (2.2 mm) and slow (2.5 m/s) drop-

lets, whereas those in most applications are much

smaller and travel with considerably greater speeds.

However, even under such conditions the shapes of

splats formed by droplet interaction appear to be very

similar to those that we observed. Fig. 13a shows nickel

splats produced by melting 40–70 lm diameter particles
in a plasma jet and propelling them at high velocity (50–

70 m/s) onto a stainless steel substrate. Their shape

closely resembles that of tin splats photographed in our

experiments (Fig. 13b). Simulations of impinging nickel

droplets, and their interactions, have shown the fluid

mechanics and heat transfer that occur during droplet

impact and solidification to be qualitatively quite similar

to those observed in the present study [20].

5. Conclusions

The final shape of a 2.2 mm molten tin droplet

landing on a splat formed by the spreading of another

identical drop was a function of the spacing between

their centers. Droplets landing at small offset distances

(1.0–2.0 mm) landed on the surface of the first splat,

Fig. 13. (a) Nickel splats produced by melting 30–50 lm diameter particles in a plasma jet and propelling them at high velocity (70–90
m/s) onto a stainless steel substrate. (b) Tin splats formed by depositing a 2.2 mm diameter droplet with a velocity of 2.5 m/s on another

splat, with their centers offset by 4.0 mm.
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spread and solidified in a roughly circular shape. At a

larger spacing (4.0–5.0 mm) the second droplet initially

landed on the steel substrate and hit the edge of the first

drop as it spread, producing a non-circular splat. During

droplet spreading the variation of the equivalent dia-

meter Dh ¼ 4A=P with time was approximately the same
for all drops, even those that had quite irregular shapes.

A three-dimensional model of droplet impact and

solidification was able to predict splat shapes, and their

variation with distance between droplet centers, quite

accurately. By following the temperature variation at

different points on the surface of the first splat we could

identify locations where remelting occurred so that the

splats fused together.

The splat shapes observed in experiments with large

tin droplets qualitatively resembled those obtained by

plasma spraying nickel powders on a steel surface. Shapes

assumed by spreading drops appear to be most influ-

enced by their distance from the center of the nearest

splat under them.
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