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 ABSTRACT 
 
  We developed a method based on quasi-molecular 

modelling to simulate the fall of water drops. Each quasi-
molecule was a group of particles that interacted in a 
fashion entirely analogous to classical Newtonian 
molecular interactions. When a falling water droplet was 
simulated at low impact velocity, the droplets moved 
periodically (i.e. the droplets moved up and down for a 
certain period, then stopped moving and reached a steady 
state), spreading and recoiling without splash or break-up. 
Spreading rates of falling water droplets increased rapidly 
as time increased until the spreading rate reached its steady 
state at time t ~ 0.4 s after the impact. The droplet height 
above the surface decreased as time increased, remained 
constant after the droplet diameter attained a maximum 
value and reached its steady state at time t ~ 0.4 s after the 
impact. When impact velocities were varied by changing 
the setting of the vertical height (i.e. at 0.25, 1.25 and 6.00 
cm), spreading rates increased with increasing impact 
velocity. However, the droplet height above the surface was 
not affected by increasing impact velocity. 
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INTRODUCTION 
 

Several studies have investigated the impact of liquid droplets and 
their interaction with surfaces [1-4]. Experimental studies usually use 
high speed digital photography to examine the impact of liquid droplets 
and their spreading on a surface. Examples of experimental studies 
include investigations of the evolution of fingering patterns at the edges of 
expanding thin jets travelling along the surface during impact on a glass 
plate [1], the impact parameter on the droplet impingement [2], the impact 
of distilled water droplets on a heated wax surface [3], and water droplet 
spreading phenomena on a glass surface [4]. 

Theoretical studies have been done on droplet spreading [5-10] 
and concluded that theoretical modelling of droplet spreading should 
account for the following factors: inertia, viscosity, gravitation, capillary 
forces and wetability [11]. Most numerical simulations of drops impacting 
on a surface use Navier-Stokes equations in their studies. Navier-Stokes 
equations are fundamental equations that govern fluid flow and can solve 
the dynamics of water flow. However, liquid drop modelling encounters a 
major theoretical difficulty due to the large gradients resulting from 
surface tension [12]. These large gradients are fundamental to the physics 
of fluid drops and cannot be solved by Navier-Stokes equations [13]. 

A numerical approach to particle modelling has been developed 
for fluid flow modelling based on the attempt to bridge the gap between 
atomistic and continuum simulations [14]. Unlike the continuum and 
statistical mechanics approaches, this numerical approach uses a relatively 
small set of quasi-molecular particles that interact in accordance with 
classical molecular-type formulas and conserves both mass and 
normalised energy. This approach concerns non steady state phenomena 
and variations in dynamical responses due to variation of system 
parameters. 

The dynamics of water drop spreading on a flat surface depends 
on impact velocity, material properties of the surface and surface tension 
[15]. Droplet spreading is usually characterised by the diameter of the wet 
area and the drop height above the surface [16]. The way drops spread on 
a flat surface can be classified into high-speed and low-speed impact 
spreading. In this study, we used particle modelling to simulate a 2-D 
low-speed impact water droplet on a smooth surface.  

The study aimed (1) to simulate water droplet impacting on a 
smooth surface by using quasi-molecular modelling, (2) to examine the 
flow dynamics during the spreading on a smooth surface, (3) to 
investigate spreading rates of falling water droplets through time and (4) 
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to examine the impact of droplet velocity on the spreading rate by varying 
the droplet height above the surface. 
 
 

MATERIALS AND METHODS 
 
Particle Modelling 
 

We used particle modelling to simulate the fall of a water drop. 
The physical response of the fluid was caused by external forces (i.e. 
gravity and molecular interaction) [17]. Gravity acted uniformly on all 
molecules in the fluid. In the particle modelling, interaction forces were 
considered only between nearest-neighbour particles and assumed to be of 
the same form as in molecular dynamic (MD) modelling. The interaction 
force was represented by Eq. (1): 

qp R
H
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GRF +=)(  

(1) 

where 
 G, H =   parameters in particle structure 
  p, q =  exponential parameter in particle structure 
  R  =  equilibrium position in particle structure 

 G, H, p, q were positive constants with q > p in order to obtain the 
repulsive effect that was necessarily stronger than the attractive one. 
Molecular interaction forces had two components: attraction and 
repulsion. The four parameters G, H, p and q were yet to be determined. If 
p, q and R0 were given, then by conditions of mass and energy 
conservation, G and H were derived. R0 was the equilibrium distance of 
the quasi-particle structure. 
 Just as in MD modelling, the dynamical equation of motion for 
each particle Pi of the system was given by Eq. (2): 
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where   mi   =    mass of Pi 
 ijR

r
  =   the vector form of Pj to Pi 

α    =  a normalising constant for Pi 
N      =  the number of particles 
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α  was obtained from Eq. (3): 
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where pm  = the mass of the particle [16]. 
α  was used to normalise the interaction force between two particles. 
After normalisation, the interaction force between two particles was less 
than the gravitational force (i.e. < 9.8 m/s2). 

For the simulation of a water drop by particle modelling, we chose 
p = 1, q = 3, R0 = 0.03 cm and the distance of local interaction D = 0.06 
cm, so the motion of particle Pi was determined by the dynamical Eq. (4). 
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where vector δ
r

= (0,1), and the first term on the right-hand side             
(i.e. –980δ

r
) was the gravity term. The normalising constant for Pi was 

71040752.1 −×=α . 
For computational convenience, we used the time transformation  

T = 10t (t in seconds). Eq. (4) was reformed as 
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Our model solved this equation simultaneously with a leapfrog numerical 
scheme. 
 
Numerical Solution 

In general, 
..

iii rmF =  (i = 1,2,3,…N) could not be solved 
analytically from given initial data and had to be solved numerically. The 
choice of a numerical method was simplified by the physics of quasi-
molecular modelling in small time steps. The reason was that the 
repulsive component H/Rq in Eq. (1) could be treated accurately only with 
small time steps for small R, since H/Rq was unbounded as R went to zero. 
Therefore, the advantages of using a high order numerical method, which 
allowed the choice of large time steps in obtaining a high degree of 
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accuracy, were not applicable in Q modelling. The leapfrog formulas 
relating position, velocity and acceleration for particle Pi were: 

 

2/1,ivr  
0,0, 2 ii atv rr Δ

+= ,    (starter formula) (6) 

2/1, +kivr  kiki atv ,2/1, )( rr
Δ+= − , k = 1,2,3,… (7) 

1, +kir
r  2/1,2/1, )( +− Δ+= kiki vtr rr , k = 0,1,2,… (8) 

 
where ,,kivr kia ,

r  and kir ,
r  were the velocity, acceleration and position 

vectors of particle i at time tk = k tΔ , tΔ was the time step, 2/1, +kivr  was the 
velocity of particle i at tk =( k+1/2) tΔ , and so on. 
 
Coordinate-System Setup 
 

We used 540 water particles in two dimensions to simulate a 
regular triangular mosaic. The equilibrium distance was set at R0 = 0.03 
cm. Positions of water particles were set in an x-y coordinate system. The 
corresponding mesh system was built via the following 1-D storage 
method: 

5.01 =x , 11 =y , 515.024 =x , 24y  02598.1=  
ii xx +=+ 03.01 , 11 yyi =+ , i  22,...,2,1=  

ii xx +=+ 03.01 , 241 yyi =+ , i  44,...,25,24=  

45−= ii xx , 4505196.2 −+= ii yy , i  540,...,47,46=  
 
The triangulated particle arrangement was laid in a rectangle that was 
0.6600 cm wide and 0.5975 cm high. At each grid point, (xi, yi) we set a 
particle Pi, that is, an aggregate of water molecules (Figure 1a). The 
particles in this initial stage were arranged on a regular triangular mosaic. 
The distance from any Pi to an immediate neighbour was 0.06 cm        
(i.e. 2R0). 
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(a)  (b)  

Figure 1 (a) Configuration of 540 water particles, and (b) initial stage of water 
drop formation of 540 water particles with the initial setting height at 1.25 cm. 
 
 
Simulation of Falling Water Drop 
 

Before the falling water drop was simulated, a single drop needed 
to be formed as follows. First, let each of the 540 water particles Pi 
interact with all other particles in accordance with Eq. (5), and the 
numerical solution was generated by the leap-frog formulae with 

.0005.0=Δt  Every time step, each velocity was damped by a factor of 
0.3. The effect of the damping was to decrease the total kinetic energy, or 
internal heat. We imposed a local interaction distance of D = 0.06 cm. For 
simplicity, we assumed that all initial velocities were zero and the 
interaction during collisions was independent of gravity. We set g = 0 in 
Eq. (5). The system allowed interaction through t = 20, at which time the 
particles contracted maximally. At this maximal contraction, a stable 
water drop contained its energy in potential form and no longer oscillated 
(Figure 1b). For stable water drops, outer most particles showed lower 
density than inner particles. This phenomenon was a characteristic of 
liquid surface tension. The average diameter of stable water drops was 
approximately 0.42 cm (Figure 1b). The shape of the water drop 
depended on the interaction force among water particles. 

The stable water drop was used as an initial condition to study the 
falling water drop (Figure 1b). We examined the effect of impact 
velocities on the height (H(t)) and the diameter of water drops (R(t)). In 
this study, impact velocities were varied by changing the vertical height 
setting (i.e., 0.25, 1.25 and 6.00 cm). Time was reset to t = 0. The system 
was then allowed to continue its interaction with g reset correctly to         
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g = 9.8 m/s2. If any particle collided with a wall of the basin, then that 
particle reflected symmetrically. 
 
 

RESULTS AND DISCUSSION 
 

Time sequences of water droplet impact on a smooth surface at the 
released height of 0.25 cm from time t = 0.0000 to t = 1.0000 s are shown 
in Figures 2a-j. When a falling water droplet was simulated at low impact 
velocity, the water droplets moved up and down periodically, spreading 
and recoiling without splash or break-up (Figures 2a-j). Similar 
observations have been shown in many studies including dynamic 
behaviour of single droplets impacting on a flat surface, and dynamics of 
water spreading on a glass surface, horizontal surface, and solid surface 
[3,5,6,16]. 

Droplet spreading was characterised by the diameter of the wetted 
area (i.e., the spreading rate (R (t)) and the droplet height above the 
surface (H(t)). Spreading rates of falling water droplets increased rapidly 
as time increased until the spreading rate reached its steady state at time  
t ~ 0.3 s (Figure 3a). The droplet height above the surface decreased as 
time increased and remained constant after the diameter attained the 
maximum value (Figure 3b). The drop height reached a steady state at 
time t ~ 0.3 s. 

When impact velocities were varied by changing the vertical 
height setting (i.e., at 0.25, 1.25 and 6.00 cm), spreading rates increased 
with increasing impact velocities (Figure 3a). However, the droplet 
height above the surface was not affected by increasing impact velocities 
(Figures 3a and b). Our findings confirmed previous findings that 
spreading velocity increases with increasing impact velocity and velocity 
does not significantly affect the change of droplet height above a wax 
surface and flat surface [2,16].  

In summary, this study is the first to develop a new method based 
on a quasi-molecular modelling to simulate the fall of water drops. Our 
results show that a quasi-molecular modelling could be used to study the 
flow dynamics during the spreading on a smooth surface, spreading rates 
of falling water droplets through time and the impact of droplet velocity 
on spreading rate by varying droplet height above the surface. Future 
studies should be conducted on rough surfaces and 3-D falling water drop 
simulations in order to gain a better understanding of falling water drop 
dynamics. 
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 (a) 
t0.0000 

 (f) 
t0.4600 

 (b) 
t0.2000 

 (g) 
t0.6000 

 (c) 
t0.3200 

 (h) 
t0.7000 

 (d) 
t0.3500 

 (i) 
t0.8000  

 (e) 
t0.4000 

 (j) 
t1.0000 

Figure 2 Time sequences of droplet impact on smooth surface. (a) t = 0.0000 (s), 
(b) t = 0.2000 (s), (c) t = 0.3200 (s), (d) t = 0.3500 (s), (e) t = 0.4000 (s), (f) t = 
0.4600 (s), (g) t = 0.6000 (s), (h) t = 0.7000 (s), (i) t = 0.8000 (s), and (j) t = 
1.0000 (s). 
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(a)  

(b)  

Figure 3 (a) Spreading rate (R(t)) (cm), and (b) water drop height (H(t)) (cm) 
above the surface versus time for a water drop impacting on a smooth surface at 
3 released heights. 

__♦__ Height = 0.25 cm, ---*--- Height = 1.25 cm,              Height = 6 cm   
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บทคัดยอ 
 

สิทธิชัย กุลศรี
  สรศักดิ์ ดานวรพงศ   มัลลิกา เจริญสุธาสนิี และ กฤษณะเดช เจริญสุธาสินี 

การจําลองการตกของหยดน้ําบนพื้นผิวเรียบแนวนอนโดยใชแบบจําลองควาซิโมเลกุล (Quasi-
molecular) 
 

เราไดพัฒนาวิธีการจําลองการตกของหยดน้ําลงบนพื้นผิวเรียบแนวนอนโดยใช
แบบจําลองควาซิโมเลกุล (Quasi-molecular) แตละควาซิโมเลกุลประกอบดวยกลุมอนุภาคที่มี
อันตรกิริยากันในรูปแบบของโมเลกุลที่ทําอันตรกิริยาแบบนิวโตเนียน (Newtonian molecular 

interaction) เมื่อหยดน้ําตกกระทบลงสูพ้ืนผิวเรียบดวยความเร็วตํ่า การเคลื่อนที่ของหยดน้ําจะมี
ลักษณะเปนแบบคาบเวลา มีการแผและการหดตัวของหยดน้ําบนพื้นที่ตกกระทบโดยไมมีการ
แตกกระจายของหยดน้ําออกเปนหยดยอยๆ หยดน้ําที่ตกลงสูพ้ืนผิวเรียบจะแผออกอยางรวดเร็ว
เมื่อเวลาเพิ่มขึ้น และเขาสูสภาวะคงที่ (Steady state) ที่เวลาประมาณ 0.4 วินาที สวนความสูง
ของหยดน้ําเมื่อตกลงสูพ้ืนมีขนาดลดลงเมื่อเวลาเพิ่มขึ้นและมีขนาดคงที่ที่เวลาประมาณ 0.4 วินาที 
เมื่อเราเปลี่ยนความเร็วในการตกกระทบโดยการเปลี่ยนระดับความสูงในการปลอยหยดน้ํา การแผ
ของหยดน้ํามากขึ้นเมื่อความเร็วในการตกกระทบสูงขึ้น แตความเร็วในการตกกระทบจะไมมีผล
ตอความสูงของหยดน้ําที่ตกลงบนพื้นผิวเรียบ 
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