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AN EQUATION FOR FITTING SPREADING DIAMETER OF A LIQUID DROPLET IMPACTING ON FLAT SURFACES
Šefko Šikalo
, Aleksandra Kostić

Summary: The experimental data of normal impact of liquid droplets onto solid, dry surfaces has been fitted. The goal is to find a simple faction that predicts time evolution of droplet spreading diameter for different impact velocities. The focus of this paper is the quantitative determination of the influence of the impact velocity on the droplet spreading. Generally it is difficult to find a function that describes this process well. Sets of experimental data, of droplet spreading diameter in terms of time, are fitted using a proper rational function. The rational function has two negative poles, i.e. the numerator is the first order polynomial and the denominator is the second order polynomial. Data for the impact of a water droplet, with diameter of 2.7 mm, and the Weber numbers 50, 90, 161, 391, 763 and 1076 are fitted to the rational function. The coefficients of rational functions are defined using the physical properties of the droplets and the experimental maximum. Experimental maximum corresponds to a stationary point of rational functions. The proposed function fit the data well.
Key words: droplet impact, spreading diameter
1. INTRODUCTION

Various processes in engineering involves droplet impact and therefore they have been extensively investigated experimentally, numerically, and theoretically [1, 2, 3, 4, 5, 6]. While droplet impact outcomes are well explained, there is still a lack of a correlation that fit experimental data of droplet spreading diameter. The time evolution of spreading diameter is a function of the impact parameters: impact Weber number (
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), and wetting angle ((), where u and D are the impact velocity and the initial drop diameter and  (,  (, and (  are the liquid density, surface tension and viscosity respectively. 

The remainder ot the paper is organized in following manner: Section 2 presents numerical model and comparisons of experimental and fitted results. Section 3 presents summary and conclusions.
2. NUMERICAL APPOACH 
The experimental data for the maximum spreading diameter are from [1] and [2].

For fitting the experimental data we used rational function given by
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Coefficients of rational functions are: fixed coefficient 0.25 is taken, because we assumed that the droplet deforms to ¼ of its original diameter before it starts spreading, where t* = 0, x* = 0.25D (x = 0.25D); fixed coefficient equal to 6 is linked to the initial speeding velocity. The choice was motivated by the fact that the initial spreading velocity has a real value between 7 and 31 m/s, the value of which is dependent on the initial velocity; the coefficients a and b are determined from conditions that the maximum of the experimental results be stationary point of rational function (1). From numerical experiments based on experimental data we obtained 
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 it follows that the quadratic trinomial 
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 has two real zeros, that is, a function of x* has two real poles. The fact that all the coefficients of quadratic trinomial are positive numbers both its roots are negative real numbers. This means that the function (1) has two negative poles. From the standpoint of physics, function (1) is defined for each t* > 0. For t* > 0 function (1) is differentiable and gives

[image: image8.wmf][

]

[

]

2

2

2

)

(

1

)

2

)(

6

25

.

0

(

)

(

1

6

)

(

*

*

*

*

*

*

*

+

+

+

+

-

+

+

=

¢

t

b

at

bt

a

t

t

b

at

x


The coefficients a and b are obtained from the condition 
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From Eq. (2) and (3) we have
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Thus, the proposed model gives
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In Table 1 the numerical values of the coefficients a and b are given for different values ​​of We for the water droplet that impacts a smooth, glass, PVC and the wax rough glass. For calculating the coefficients a and b that are given in Table 1 were used relations (4) and (5).
Table 1 The coefficients of the rational function using the experimental maximum [4]
	No

	We 

	Re

	a

	b


	Water–glass


	1.

	50

	3264

	1.3447

	0.0115


	2.

	90

	4212

	1.3260

	0.0352


	3.

	161

	5763

	0.9059

	0.0536


	4.

	391

	8876

	0.9245

	0.0176


	5.

	763

	12294

	0.7293

	0.0432


	6.

	1076

	14803

	0.7355

	0.0265


	Water–Wax


	7.

	50

	3264

	1.2129

	0.4241


	8.

	90

	4212

	1.0262

	0.239


	9.

	161

	5763

	0.9347

	0.1077


	10.

	391

	8876

	0.7286

	0.0865


	11.

	763

	12294

	0.7890

	0.035



	
	No

We 

Re

a

b

Water–PVC

12.

50

3264

1.6082

0.1126

13.

90

4212

0.8491

0.1208

14.

763

12294

0.7207

0.0490

15.

1076

14803

0.6863

0.0464

Water–Rough glass

16.

50

3264

2.2064

0.0111

17.

391

8876

1.1209

0.0056




Graph of rational function has good agreement with the experimental data, as shown in Figs. from 1 to 3. 
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Fig. 1 Comparison of the rational function (Eq. 6) with experimental data for Weber numbers: 50, 391 (left) and 161, 763 (right) of water droplet (D=2.7 mm) impacting smooth glass

[image: image16.emf]0

1

2

3

4

5

6

0.01 0.1 1 10

d/D

tu/D

We=90

We=1076

Fitting, We=90

Fitting, We=1076

Glass

 [image: image17.emf]0

1

2

3

4

5

6

0.01 0.1 1 10

d/D

tu/D

We=90

Fitted, We=90

Eqs. (9), (10),

We=90

Wax


Fig. 2 Comparison of (Eq. 6) with experimental data, We=90, and We=1076, of water droplet impacting smooth glass (left); and comparison of Eq. (6), and rational functions using Eqs. (9) and (10) with experimental data We = 90 (right)
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Fig. 3 Comparison of (Eq. 6) and rational functions using Eqs. (9) and (10) with experimental data for We=50, and We=391 (left) and 161, 763 (right) of water droplet  impacting smooth wax

Roisman [4] proposed a relation to predict maximum spreading diameter 
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of a droplet impacting onto a dry surface in terms of its Reynolds and Weber numbers, 
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The proposed relation is valid only if viscosity is not high and if droplets are not very small [4]. Proposed relations predict the experimental data well in a wide range of parameters Re and We. In the numerical experiment, we also used the relations proposed by Rosman for the maximum spreading diameter and its corresponding time. On the basis of these relations are specified coefficients a and b in terms of Re and We numbers, which is a useful relationship for calculating the diameter of spreading droplet in time. In this case also a good agreement is obtained. The problem is that relations proposed by Rosman are not valid in the region after the maximum diameter reaching. 
Substituting Eqs. (7) and (8) into Eqs. (4) and (5) gives
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In Table 2 the numerical values of the coefficients a and b are given for different values ​​of We for the water droplet that impacting a solid surface. For calculating the coefficients a and b that are given in Table 2 we used relation (9) and (10), which are based on semi-empirical maximum spreading diameter 
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and its corresponding time 
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, given by equation (7) and (8) [4].
Table 2 The coefficients of rational functions using the approximated maximum [4]

	No
	We
	Re
	a
	b

	1.
	50
	3264
	0.7748
	0.4335

	2.
	90
	4212
	0.8462
	0.2199

	3.
	161
	5763
	0.8146
	0.1385

	4.
	391
	8876
	0.7444
	0.0836

	5.
	763
	12294
	0.6901
	0.0625

	6.
	1076
	14803
	0.6612
	0.0546


Prediction based on Eqs. (9) and (10) overestimates the maximum spread factor for small Weber number (50 and 90), while for a large We (>161) Eqs. (9) and (10) estimate maximum spread factor well, as Figs 3 shows.
3. CONCLUSION 

In this paper, we considered the experimental data in the case when a drop of water impacts onto the smooth glass, wax, plastic and rough glass. The curve obtained from experimental data is fitted with the graph of the rational function with two negative poles. When designing a rational function we used some physical characteristics of droplets impacting a solid surface and the fact that the point of experimental maximum should belong to the graph of rational function. The experimental maximum spreading diameter is the only point used to obtain the explicit form of the function that predicts time evolution of the droplet spreading diameter. The main contribution of this paper is an explicit relationship of the water droplet spreading diameter in terms of the time. 

Numerical experiments indicate good agreement between the experimental data and proposed function until reaching the maximum diameter of spreading, as well as in an area behind the point of its maximum. 

The study will continue for better fitting the experimental data after the maximum and obtain more accurate relations in terms of We and Re numbers.
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