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Influence of Surface Roughness on the 
Flattening of Powder Particles during 

Thermal Spraying 
V.V. Sobolev, J.M. Guilemany, and A.J. Martin 

The time evolution of the splat thickness, radius, and rate characteristics in the process of flattening of 
droplets during thermal spraying is investigated taking into account the surface roughness, splat solidi- 
fication, and mass loss of the droplet liquid phase. Analytical formulas describing the final values of the 
splat thickness, radius, and rate characteristics are found. Results agree well with the experimental data. 
They can be used to predict the splat flattening parameters. 

1. Introduction 

KINETICS of flattening of the thermally sprayed molten droplets 
plays an important role in forming the coating structure and 
properties (Ref 1). It essentially influences splat size and solidi- 
fication, adhesion, porosity, inclusions (e.g., oxides), chemical 
homogeneity, and deposition efficiency. 
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Many papers are devoted to the investigation of this problem 
(Ref 2-8). In the thermal spray processes, the dominant mecha- 
nism of the kinetic energy loss is via viscous dissipation. The 
formulas for the ratio ~f = Rf/Rp of the final splat radius, Rf, on 
the initial droplet radius, Rp, as a function of the Reynolds num- 
ber, Re, are given in Ref4, 6, 7, and 8. Similar formulas for the 
final splat thickness, ~f = bf]ep, are given in Ref 8. Analytical 
expressions describing the time evolution of~ and ~ during flat- 
tening are also provided in Ref 8. 

The developed correlations for ~ and ~ do not take into ac- 
count the roughness and nature of the surface on which the par- 
ticles impact even though experiments show their importance 
for the correct description and understanding of the droplet flat- 
tening (Ref 2). 

Nomenclature 

f 
q 
R 
Rb 

Reverse impact time, s; a = U Rp 1 
Splat thickness, m 
Sound velocity in a gas-liquid mixture formed during 
cavitation, ms -1 
Friction coefficient 
Specific heat ratio 
Splat radius, m 
Gas bubble radius, m 

Greek Symbols 

Rp Particle radius, m 
Re Reynolds number; Re = 2 Rp U p/It 
s Sound velocity in a splat liquid phase, ms-I 
t Time, s 
t s Characteristic time, s; ts = e/Vs 
U Particle (droplet) impact velocity, ms -I 
V s Solidification velocity, ms -I 

13 

E 

q 
0 
1( 

Dimensionless roughness parameter; ct = E/Rp 
13 = v s v  -1 
y = exp (0.40) 
Roughness size, m 
Dimensionless splat thickness; ~ = b/Rp 
Dimensionless parameter; 1"1 = Rp Vs/(EU) 
Dimensionless time; 0 = at 
Dimensionless parameter; ~ = 0.088 al/2 

Subscripts 

Droplet dynamic viscosity, Nsm -2 
Droplet kinematic viscosity, m2/s 
Dimensionless splat radius; ~ = R/Rp 
Droplet density, kg/m 3 
Gas volume fraction in a gas liquid mixture formed 
during cavitation 
Dimensionless parameter of droplet mass loss 

0 Initial 
* Characteristic 
a Approximate 
c Calculated 

e Effective 
f Final 
m Maximum 
s Solidification 
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This paper investigates the influence of the roughness of the 
substrate surface as well as the roughness of the upper surface of 
the previously deposited coating layer on the flattening of pow- 
der particles during thermal spraying. The splat solidification 
and mass loss due to splashing and crater formation in the sur- 
face where the flattening takes place are considered. 

2. Main Equations 

Assume that a droplet of radius, Rp, impinges normally onto 
the rough surface of a substrate or previously deposited coating 
layer and forms a cylindrical splat (disk) of radius, R, and thick- 
ness, b, which varies with time during flattening (Fig. 1). As- 
sume further that this rough surface is characterized by the 
roughness parameter o~0 = E0/Rp. After droplet impingement 
onto the surface, flattening and solidification start. Experiments 
show that the splat solidification time significantly exceeds that 
of flattening in the process of thermal spraying (Ref 2). A likely 
conclusion is that splat solidification is unimportant when flat- 
tening is considered. In general, this is not true. 

The main heat removal from the splat takes place from its 
lower part due to the ability of the substrate to transfer heat (Ref 
9). This heat removal essentially depends on the substrate and 
splat thermophysical properties as well as the thermal contact 
resistance at the splat-substrate (or previously deposited coating 
layer) interface. It considerably exceeds the heat removal from 
the splat upper surface (Ref 9). 

The solidification front moves from the surface of the sub- 
strate or the surface of the already deposited coating layer with a 
velocity, V s, inside the splat. It gradually decreases the surface 
roughness and will cover it completely at the time, ts = e0 Vs 1. 
The degree of  splat solidification influence on the part of the 
flattening process associated with the surface roughness is de- 
termined by the ratio, rh of the impact time Rp U -1 to t s, where U 
is the velocity of  the impinging droplet. 

RpVs 
r I = (Eq 1) 

~o U 

For example,  in the case of  plasma spraying of  a metallic 
powder onto an aluminum alloy substrate, when Rp = 20/am, 
Vs-- 5 ms-l ,  E0 = 1 lam, U =  100 ms-I,  from Eq I, we find that 

Ax(s  o f  s ymmef r y  

I 
I 
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Fig. 1 Scheme of a droplel impmgemenl at the substrate surface 

r 1 = 1. Therefore, the solidification must be considered here 
when the roughness influence on splat flattening is analyzed. 

Note that, in this case, the splat solidification influence on 
flattening must be taken into account even if the surface is 
smooth. A thin, solidified layer of  the splat near the surface, al- 
though it is very small, may markedly influence the splat struc- 
ture and shape (Ref 5, 9). 

The increase of the substrate temperature decreases the so- 
lidification velocity, V s, and the ratio, q, and hence, the influ- 
ence of solidification on the splat flattening. As a result, the splat 
shapes on smooth substrates may become more regular (Ref 5). 

Splat solidification may be slowed down due to the contact 
thermal resistance between the splat and the underlying surface 
and to the time delay for nucleation of  the solid state because of 
undercooling of the splat liquid phase when the crystalline struc- 
ture is formed (Ref 2, 5, 9). 

Contact thermal resistance decreases the solidification ve- 
locity, V s, which still remains rather high (Ref 2, 9). The ratio N 
of the nucleation time to the impact time in the case of the homo- 
geneous nucleation was rather high for thermal spray applica- 
tions (Ref 5). Homogeneous nucleation, though, hardly ever 
takes place during the thermal spraying due to the presence of 
inclusions (oxides, carbides, etc.) in the impinging droplet and 
in the surface microcavities and due to the possible droplet par- 
tial solidification before the impingement. Assume that parame- 
ter N is markedly smaller than unity and that delays in nucleation 
do not influence the solidification of the splat lower part during 
flattening. 

To account for the roughness, E, during the flattening proc- 
ess, assume that it increases the shear stress by the value that 
arises because of friction between a flattening droplet and the 
rough surface. Assuming that the flow is turbulent, use the modi- 
fied Blench formula for the friction coefficient, f (Ref 10). The 
original equation, f = 0.79 (e/D) ]/2, was established for a turbu- 
lent flow in a tube of diameter D with a surface roughness e pro- 
vided ~ <<D.  Assume that in the problem of the droplet 
flattening during thermal spraying, parameter D can be replaced 
by the initial droplet radius Rp if E << Rp. Thus: 

f =  0.79 ~-- = 0.79~-~ (Eq 2) 
p 

Also consider that roughness E is changed during the splat so- 
lidification according to a formula: 

E = e o - Vst (Eq 3) 

Qualitatively the same results are obtained when e(t) varies 
with respect to time according to the Stefan "square root" law 
(Ref 4). which being applied only in the case of solidification of 
the pure substances, increases the mathematical complexity. 

Assume that some part of the mass of an impinging droplet is 
lost during impact due to splashing and crater formation in the 
surface where the flattening takes place (Ref 5, 11). This mass 
loss is determined with the ratio Z of the droplet mass, which re- 
mains after these events to the initial mass of the impinging 
droplet. 

Assume also that the rough surface consists of the rectangu- 
lar "'teeth" with the initial height e0. Their length is assumed to 
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be equal to the distance between them (Fig. 1). Then the vari- 
ation of the splat thickness, b, can be taken as b - 0.5 e. 

From the mass conservation condition, then: 

4 R3 -~ pZ=R2(b-0.5s  (Eq4) 

Reference 4 shows that the splat radius is: 

R = 2Rp ~ / Z - +  (b - 0.5El -1/2 f~  5) 

The following equation for splat thickness is obtained using 
the method and correlations given in Ref 8: 

b d b + o . 4 a b 2 + 2 g p _  t 1 dt --~ Ufo =0,  a = URp I 

(Fxl 6) 

where/a and p are the dynamic viscosity and density of the mol- 
ten liquid, respectively. 

Introducing the dimensionless variables: 

R b s V 

P 
O=at 

(F_x] 7) 

from Eq 5 and 6, the following equations are obtained: 

~, : 2~'~--~ (r, - 0.5~) - ~  (Eq 8) 

4 
+ 0.4 4 2 + ~ - ~c~ = 0 (Eq 9) 

and 

2RpUp 
Re = ~; = 0.088 ~f~-~, ot = s 0 - [30 

d~ = _0.4y_ 1 [1 - 0.22 ~ + 0.275 r I " ~ ( y -  1)] 
dO 

(Eq 12) 

d__~ 
= 0.4 ~ / -~-  [ 1 - 0.11 ~/~ (3"/- 1 ) + 0.275 q~/o~(y - 1)1 

dO . 5  

(Eq 13) 

For the smooth surface (ct = 0) and without the mass loss 
(Z = 1) from Eq 10 to ] 3, we have the formulas obtained in Ref 
8. From the analytical expressions (Eq 10-13), it follows that the 
increase of  the surface roughness increases the flattening splat 
thickness and decreases the splat radius and the rate charac- 
teristics of  the flattening process Idb/dtl and dR/dt. The last terms 
on the right-hand sides o fEq  12 and 13 reflect the influence of 
splat solidification, which decreases surface roughness and, 
therefore, contributes to the increase ofdR/dt and Idb/dtl. 

Reference 8 shows that the analytical results obtained are 
valid up to t < t.  within the framework of the approximation 
used to derive them. Parameter t, is defined by the formula: 

5R 
= ~--~, ln(1 + 0 3 R e )  (Eq14) l, 

o u  

Reference 8 shows that the values of b and R at t = t, corre- 
spond approximately to the final values bf and Rf of  the splat 
thickness b and radius R when the droplet flattens onto the 
smooth surface (c = 0). Assume that the same is likely to occur 
when the droplet flattening takes place on the rough surface (c 
0) and that in this case the values of the flattening parameters at 
t = t.  may also be considered as their approximate final values. 
The value of t. corresponds to the following value of 0.: 

0. = 6 I n  (1 + 0.3Re) (Eq 15) 

Substituting 0 = 0, in Eq 10 to 13 gives: 

~f = 1,83 Re -1/2 ( I + 0.22y~-~) (Eq t6) 

3. Results and Discussion 

3.1 Analytical Formulas 

Assuming that surface roughness is small (~ << 1 ) and repre- 
senting the solution of  Eq 9 in a form of series with respect to K, 
the following expression is obtained for the splat thickness, 4, 
when Re >> 1 with an accuracy of  the order of 0 (~2): 

4=u + 0.22~-~(y-  1)], 7= exp(0.40) (Eq 10) 

Substituting Eq l0 in Eq 8, then, with the same accuracy: 

~ = 2~(Z-~-~ [1 -0.11 ~-~(7-  1)] ( E q l l /  

From Eq lOand 11, the ra techarac te r i s t i c so f the f l a t t en ing  
processarealsoobtained:  

~f= 0.8546 ~-xRe TM (1 - 0.11 ?,"~) (Eq 17) 

d~f 
- - 0 . 7 3  Re-l/2 (1 - 0.22~-~ + 0.275yrl'f~-~) (Eq 18) 

dO 

d~f 

d 0 -  

0.17 " ~ R e  TM [1 - 0  11 4 ( 1 . 6 4 3  Re I/2 - 1) + 0.275 yqX/~-~] 

y = 0.548 Re 1/2- 1 (Eq 19) 

When Re >> 1, Eq 16 to 19 gwe: 

~f = 1.83 Re-1/2 (1 + 0.12 ~-~ Re 1/2) (Eq 20) 
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~f = 0.8546 NIZ-Z Re 1/4 (1 - 0.06x/~-~ Re 1/2) (Eq21) 

d~f 

dO 
- - 0 . 7 3  Re -1/2 (1 - 0.22~-~ + 0.15 q~-~ Re 1/2) (F_,q22) 

d~f 

dO 
- 0.17 ~/~Re TM [1 - 0.18 ",~-~ (1 - 0.83 rl)Re 1/2] (Eq23) 

For  the smooth su r face  (t~ -- 0) and without the mass loss 
(g = 1) from Eq 20 to 23, we have the formulas obtained in Ref 
8. From Eq 20 to 23, it follows that increase of the surface rough- 
ness increases the splat final thickness, decreases its final radius, 
and decreases the variation rate of t and the absolute value of the 
variation rate of ~. The formula (Eq 20) shows that under the 
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l i m e  8 = a t  

Variation of the splat thickness with time 

high Reynolds numbers (Re >> 1), the influence of  surface 
roughness on the splat final thickness does not depend on Re. 

From the above analysis, it follows that the influence of  the 
surface roughness is equivalent to the influence of an effective 
viscosity la e. Use of the analytical expressions (Eq 20, 21 ) shows 
that this effective viscosity with an accuracy of  the order of 0(ct) 
is as follows: 

I.te = ~t(l + 0.24"Vr~'-~ Re 1/2) (Eq 24) 

Then Eq 20 and 21 can be written as: 

~f = 1.83 Ree 1/2 (Eq 25) 

2RpUp 
~f = 0.8546 ~ Re~/4, Re - (Eq 26) 

e ~e 

Note that the splat sol idif icat ion may also contribute to the 
increase of the splat liquid phase viscosity because the 
rheological properties of  the solidifying substance become 
pronounced at the temperatures in the thermal interval of  so- 
lidification (for alloys) or near solidification point (for pure 
substances) (Ref 12, 13). 

When cavitation takes place during coating deposition, a 
gas-liquid mixture is formed (Ref 14, 15). This mixture viscos- 
ity markedly exceeds the pure liquid viscosity due to the energy 
dissipation on the gas bubbles (Ref 16, 17). The effective kine- 
matic viscosity, Ve, in this case, is (Ref 17): 

].t RbC2q 
V e = + - -  (Eq 27) 

3(pp s 

where (p is the gas volume fraction; R b is the gas bubble radius; 
c and s are the sound velocities in the gas-liquid mixture and the 
splat liquid phase, respectively; and q is the specific heat ratio. 

The first term on the right-hand side of Eq 27 represents the 
viscous dissipation; the second term there describes the dissipa- 
tion due to acoustic radiation. 

tY  
tY  

II 

Fig. 3 

2 

R= IO0  

3 
/,, 

�9 1 , 2  

1 ! 

0 1 2 

Time e = at 
Variation of the splat radius with time. Curve numbers correspond to the parameters shown in Fig. 2. 

3 
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The mentioned phenomena contribute to the increase of the 
viscosity of the splat liquid phase; hence, they increase the flat- 
tening splat thickness and decrease its radius. 

The splat final radius varies nonuniformly with respect to the 
Reynolds number and, as follows from Eq 21 or 26, achieves the 
maximum value ~m at Re = Rein. 

Re m = 30.86 oc I (Eq 28) 

~m = 1.34 ~ r -1/4 (Eq 29) 

Both Re m and Cm decrease with the increase of the roughness 
parameter or; Cm decreases more slowly than Rem. 

Use of Eq 19 shows that the rate of  the splat radius variation 
dE~dO is also a nonuniform function of the Reynolds number and 
attains the maximum value when Re = Re m. Here: 

Re m --- ou 1 (Eq 30) 

The basic assumption used to obtain the above results on the 
transient and final characteristics of flattening is that most of the 
kinetic energy of the impinging droplet is dissipated due to vis- 
cous effects (Ref 4, 8). This agrees with the experimental data 
(Ref 3-7). Meanwhile a small part of the kinetic energy of the 
impinging droplet is transformed in the surface energy. This oc- 
curs mostly at the final stage of the flattening process when sur- 
face tension effects start to dominate over those of inertia due to 
the flattening velocity decrease (Ref 4-6). 

Flattening parameters given by Eq 16 to 23 correspond to the 
time required to reach about 90% completion of flattening. This 
limit represents a convenient parameter to determine the flatten- 
ing characteristics (Eq 16-23) due to the inherent asymptotic be- 
havior of the flattening process (Ref 6). 

3.2  Numerical Simulation 

To study the transient characteristics of the flattening proc- 
ess, Eq 9 for the splat thickness, 4, was solved numerically by 
the method of Runge-Kutta with an initial condition: 

4(o) = ~ (Eq 3 l) 

Then, from the formula (Eq 8), the splat radius, ~, was found. 
Figure 2 shows that the splat thickness increases with the in- 

crease of the roughness parameter o, 0. Under the same value of 
c~0, the splat thickness decreases when the solidification occurs 
in the lower part of the splat, which diminishes the roughness. 
The splat thickness variation is not sensitive to the mass loss of 
an impinging droplet. 

The decrease of the splat thickness, 4, leads to the increase of 
the splat radius, ~ (Fig. 3). When the roughness increases, there 
are two competitive tendencies in the behavior of the splat ra- 
dius. (See Eq 8.) The increase of ~ causes the increase of ~ and 
hence the decrease of splat radius ~. At the same time, the in- 
crease of roughness, according to Eq 4 and 8, provokes the in- 
crease of the splat radius. 

When the first tendency takes place, i.e., when the increase of 
the roughness influences the splat radius mainly through the in- 
crease of the splat thickness, the value of ~ diminishes with the 
increase of ~. When the second tendency takes place, the in- 

Table 1 Comparison of numerical and analytical values of  
Rent and ~m 

C~o 1"1 Z Re~ ) Re~ ) ~l ~ )  ~.~) co2 
0,03 0 1 1060 1029 2.9 3.312 3.220 2.8 
0.03 0.5 0 8 1060 1029 2 9 2.%3 2 880 2.8 
0.1 0 1 328 309 5 8 2.508 2.383 5.0 
0.5 0 1 71 62 12.7 I 783 1.594 10 6 

Time O = ot 

0 1 2 

R=100  

-o - 0 . 2  

P- -0 .4  
O 

O_ 

-0 .6  

3 

Fig. 4 Dependence of rate of splat thickness variation on time Curve numbers correspond to the parameters shown in Fig 2 
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crease of roughness causes the increase of  splat radius (curve 3 
in Fig. 3). Solidification decreases surface roughness and thus 
contributes to the increase of ~ (curve 4 in Fig. 3). The mass 
losses lead to the decrease of splat radius. 

Figure 4 shows that the absolute value of the variation rate of 
the splat thickness d~ldO decreases with time. When the rough- 
ness increases, the absolute value ofd~/dO diminishes. When the 
splat solidification occurs, the parameter Id~/dOI generally in- 
creases. Here this increase is very small. 

For the practice of  thermal spraying, it is important also to 
know the variations of the final values of  ~ and ~ as well as the 
rate parameters of  flattening, which are determined with Eq 16 
to 19 and 20 to 23. The not very high values of Re were consid- 
ered by studying the analytical expressions, Eq 16 to 19. 
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Variation of the final splat thickness with the Reynolds 

The final value of the splat thickness, ~f, decreases with the 
Reynolds number and increases with the surface roughness (Fig. 
5). The parameter q has practically no influence on (f. 

Figure 6 shows that the final splat radius increases with Re 
when the surface is smooth (curve 1 with o~ = 0) and exhibits the 
nonuniform behavior with respect to the Reynolds number 
when the flattening takes place at a rough surface. In this case, 
the value of ~f first increases, attains the maximum value, and 
then decreases. 

Table l compares  the numerical  (calculated) values ~ 
and Re(m c), respectively, of the maximum ~m of the splat radius 
and the Reynolds number Re = Re m corresponding to it with 
their approximate values {~) and Re~ ), respectively. The {(m c) 
and Re} c) were determined from the numerical tabulation of Eq 
17, whereas ~ 1  and Re~ ) were found from Eq 28 and 29. The 
maximum value ~m decreases with the surface roughness in- 
crease and mass loss. The Reynolds number Rein corresponding 
to ~m also diminishes when the surface roughness increases. 

The differences between ~ )  and ~(m a~ as well as between 
Re(m c) and Re(m a) are small and increase with ct 0. This means that 
for practical purposes, the parameters  R m and ~m can be de- 
termined from Eq 28 and 29, respectively, which correspond 
to Re >> 1. 

The absolute value of  the final rate of  the splat thickness vari- 
ation d~/dO decreases with the Reynolds number, and the veloc- 
ity of this decrease diminishes with Re (Fig. 7). The surface 
roughness decreases the absolute value of d~ldO, whereas the 
splat solidification contributes to its increase. 

Figure 8 shows that the final rate of  the splat radius variation 
d~dO increases with the Reynolds number in the case of the 
smooth surface (ct = 0). Its behavior becomes nonuniform with 
respect to Re when the flattening takes place at a rough surface. 
In this case, the parameter d~/dO first increases, achieves the 
maximum value, and then decreases. 
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Variation of the final splat radius with the Reynolds number. Curve numbers correspond to the parameters shown in Fig. 5. 
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The position of  the maximum Re m is well determined with 
Eq 30. The roughness increase causes the decrease of  d~dO, 
which becomes negative when (z is rather high. Splat solidifica- 
tion leads to the increase of  d~d0 .  

Remember that although the values of  d~f/dO and d~f/dO in 
Fig. 7 and 8 are small (with an exception of curve 5 in Fig. 8, 
which is given for illustrative purposes), they are not equal to 
zero as expected at the termination of the flattening process. 
This is because of the approximate nature of Eq 18 and 19, as 
discussed. 

3.3 Comparison with Experimental Data 

Reference 8 showed that the equations obtained for the final 
values of the splat radius and thickness agree well with the ex- 
perimental data when the droplet flattening took place at a 
smooth surface (or = 0). Reference 8 also demonstrated that a 
parameter that followed from Eq 14 and described a charac- 
teristic flattening time agreed with a similar parameter intro- 
duced in Ref 6 for the practical purposes of thermal spraying. 

Figure 9 compares the final splat radius ~f calculated with Eq 
17 with the experimental data for the zirconia particles impact- 
ing on a steel substrate at 75 ~ in the process of plasma spraying 
(Ref 3). 

As the substrate is relatively "'cold," the splashing should be 
more pronounced. Splat solidification should have more influ- 
ence on the flattening process (Ref 3, 5), which means the final 
substrate surface roughness is not high. 

The theoretical curves in Fig. 9 show that when the surface 
roughness and the droplet mass loss are taken into account, the 
theoretical results fit the experimental data better than those that 
do not account for those factors (Ref 4). 

The experimental results obtained in Ref 3 were rather con- 
sistent with the values of the final splat radius given in Ref 7. The 
difference between the equations of Madejski (Ref 4) and 
Yosida (Ref 7) is that Yosida gives about 36% smaller values of 

than Madejski. The Yosida equation gives results that are 
qualitatively the same as the equations for ~ that take into ac- 
count the surface roughness and the droplet mass loss. That is 
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~: -2 
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L 
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Fig. 8 Dependence of final rate of splat radius variation on the 
Reynolds number Curve numbers correspond to the parameters shown 
m Fig 5. 

I 

why the Yosida equation agrees with the experimental results of 
Ref 3. 

Thus, the results obtained agree well with the observed ten- 
dencies of the splat flattening and with the experimental data. 

4. Conclusions 

The approximate equations describing the time evolution of 
the thermally sprayed splat thickness and radius as well as their 
variation rates during the flattening process are established tak- 
ing into account the surface roughness of the droplet impinge- 
ment, the splat solidification, and the loss of  the droplet mass 
due to splashing and crater formation in the surface. 

The realistic correlations between the final values of  the splat 
thickness, splat radius, and their variation rates, and the 
Reynolds number are obtained by taking into account the men- 
tioned phenomena. 

An effective dynamic viscosity of the splat liquid phase is in- 
troduced that accounts for the surface roughness influence on 
the droplet flattening during thermal spraying. 
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Fig. 7 Dependence of final rate of splat thickness variation on the 
Reynolds number. Curve numbers correspond to the parameters shown 
in Fig. 5 
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Fig. 9 Comparison of analyncal and experimental results descnbing 
final splat radius (flat{emng degree). Data points indicate experimental 
results from Ref 3. 
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Splat thickness increases with the roughness increase and de- 
creases when solidification takes place in the lower part of  the 
splat. The splat thickness variation is not  sensitive to the mass 
loss of  the impinging droplet. 

When the surface roughness increases, there are two com- 
petitive tendencies in the time evolut ion of  the splat radius. On 
the one hand, the roughness increase causes the increase of  the 
splat thickness and, hence, the decrease o f  the splat radius. On 
the other hand, the roughness directly influences the splat radius 
causing its increase. As a result, splat radius either diminishes or 
increases with surface roughness. Solidification decreases sur- 
face roughness and contributes to the increase of  splat radius. 
Droplet  mass loss leads to the decrease o f  splat radius. 

The absolute value of  the splat thickness rate variation de- 
creases with time. When the roughness increases, the absolute 
value of  the variation rate o f  the splat thickness diminishes.  Un- 
der the splat solidification, this absolute value increases. 

The final value of  the splat thickness decreases with 
Reynolds  number  and increases with surface roughness. The fi- 
nal splat radius increases with the Reynolds number  when the 
surface is smooth and exhibits nonuniform behavior  with re- 
spect to Reynolds  number  in the case o f  rough surface. In this 
case, the final splat radius first increases, attains the maximum 
value, and then decreases. The analytical expressions are ob- 
tained for the maximum value of  the final splat radius and the 
Reynolds  number  that corresponds to it. 

The absolute value of  the final rate of  the splat thickness vari- 
ation decreases with the Reynolds number. The surface rough- 
ness diminishes this absolute value whereas the splat 
solidification increases it. The final rate of  the splat radius vari- 
ation increases with the Reynolds number  when the surface is 
smooth and demonstrates nonuniform behavior  with respect to 
the Reynolds  number  when the surface is rough. In this case, the 
final rate o f  the splat radius variation first increases ,  achieves 
the maximum value, and then diminishes. The surface rough- 
ness increase causes the decrease of  this parameter, and the splat 
solidification leads to its increase. 

Theoretical  results obtained for the final splat radius agree 
well with the experimental  data. Analytical  expressions for the 
final parameters o f  the flattening process can be used for predic- 
tion purposes. 
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