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Abstract: The appearance of violent liquid sloshing on the walls of the tank can cause great problems to those who handle these liquid 
manure tank that spread coarse residues from animal farms. This violent sloshing occurs when the tank is partially filled with liquid product. 
This movement of the liquid inside the tank imposes pressure along the walls when the tank is not full, thus causing instability on the entire 
structure during its movement on agricultural land. In this work was used a tanker that transports and spreads on the ground animal manure 
from a cattle farm. The modelling of the tank was done with the Solidworks program and the numerical analysis of the impact of the liquid 
tension distributions on the tank through with Ansys-CFX. The tanker moves at a constant speed (v=5m/s), after which it is subjected to a 
braking manoeuver. In this paper is analyzed behaviour and effect the impact of tensions distribution on the walls of the tank, when it has or 
does not have baffles. 
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1. Introduction 
The appearance of violent liquid sloshing on the walls of the tank 
can cause great problems to those who handle these liquid manure 
tank that spread coarse residues from animal farms. This violent 
sloshing occurs when the tank is partially filled with liquid product. 
This movement of the liquid inside the tank imposes pressure along 
the walls when the tank is not full, thus causing instability on the 
entire structure during its movement on agricultural land. So when 
the sloshing of the liquid in the tank is strong there is an increase in 
the roll moment which can cause to rollover the vehicle, leading to 
the instability and safety of the vehicle as well as that of the 
operator.[1] Further research shows that containers carrying liquid 
products (eg: liquid manure, etc.), partially filled that are subject to 
accelerated excitations present the phenomenon of sloshing, which 
have a negative effect on the stability and safety of these vehicles. 
Therefore, the movement of liquids in rigid containers has been the 
subject of many studies in recent decades. Horizontal excitations 
(eg deceleration) of the contained liquids can lead to substantial 
slosh-induced loads, which can affect the dynamic behaviour of the 
structures due to the strength of the liquid. [2] For example, 
Ranganathan, Ying, and Miles analyzed liquid sloshing in partially 
filled tanks as the motion of an equivalent mechanical pendulum 
system that occurs during a given steering manoeuvre. Making this 
analogy to be able to determine the dynamic behaviour of the 
vehicle during an imposed manoeuvre [3]. When a fluid moves and 
interacts with its wall tank, the dynamic pressures of such an 
interaction can cause large deformations in the container wall as 
well as in the supporting structure. In studies using the equivalent 
mechanical model to simulate liquid sloshing, the system 
parameters are determined so that the natural frequency of the 
equivalent model is equal to the first natural frequency of the 
original system, as in our case. There are two major issues that arise 
in a sloshing calculation approach. These are the limit conditions in 
motion at the interface of the fluid tank and the nonlinear motion of 
the free surface. Alternatively, the quasi-static method was used to 
determine the forces and moments of the fluids up to the tank walls 
due to liquid sloshing. For example, Rakheja, Sankar and 
Ranganathan, using the steady-state model for fluid movement, 
developed a quasi-steady state yaw/roll model, in order to find out 
the effects of tank design parameters on the rollover threshold of 
partially filled tank vehicles [4]. And Wu and Lin, taking their 
studies, continued to investigate what happens if the vehicle is 
multi-axle-steering, in order to identify the directional response at a 
constant forward speed in a constant direction [5]. Using this 
method, steady-state load shift, and directional responses of the tank 
vehicle can be achieved, but the effect of transient liquid slosh on 
vehicle dynamics cannot be predicted. Saeedi, Kazemi, and Azadi 
they researched the dynamic interaction of the liquid cargo with the 
vehicle was investigated in this research by integrating a quasi-

static liquid sloshing model [6]. Over the years, the problem of 
sloshing has been studied by an impressive number of researchers, 
using different methods and techniques. Salemet et al. investigated 
that partially filled tanks that undergo turns or lane change 
maneuvers have a lower overturning threshold than any other type 
of vehicle [7] Celebi et al. investigated nonlinear liquid sloshing 
inside a partially filled rectangular tank assuming that the fluid is 
homogeneous, isotropic, viscous, Newtonian, and has limited 
compressibility [7]. Frandsen studied a completely nonlinear 
differential finite element model based on viscous flow equations 
[7]. The inherent liquid viscosity reduces the sloshing height in the 
liquid storage tanks. Scarci, Chiba and collaborators studied the 
effects of liquid viscosity from different points of view. In practice, 
the viscosity of the liquid does not have a significant effect on the 
dynamic characteristics of the liquid storage tanks. Therefore, other 
methods should be introduced to suppress dynamic sloshing tasks. 
In this regard, several devices, such as circular tankers, floating 
plates, etc., have been studied and used primarily to reduce the 
effects of sloshing. Baffles installed in tanks can also play the role 
of sloshing suppression devices, which can produce additional 
nonlinear damping due to cross-flow, resulting in either a separation 
of the flow or a flow in the form of a jet. Recently, using the 
sloshing linearization theory and the domain decomposition 
method, Faltinsen and Timokha made an analytical approximation 
of the natural ways of producing sloshing in a rectangular tank with 
a lamella-type baffle in the middle of the tank. Kyoung et al 
observed that a nonlinear sloshing problem can be simulated 
numerically [2]. Akyildiz et al. analuzed pressure variations and 
three-dimensional effects of sloshing forces in a partially filled 
rectangular tank moving both numerically and experimentally. Liu 
et al. used a numerical model to study the three-dimensional (3D) 
model of liquid sloshing in a tank with baffles. Eswaran et al. 
studied sloshing waves (sloshing waves) for tanks with and without 
droughts. Panigrahy et al. conducted a series of experiments in a 
liquid sloshing system developed to estimate the pressure developed 
on the tank walls and the free movement of water from the static 
static level. Khezzar et al. designed a test facility to study the 
phenomenon of water sloshing from a rectangular tank subjected to 
a sudden impact. Zheng et al.  studied a two-phase internal fluid 
flow model by solving the Navier-Stokes equations using this study 
to investigate the phenomena of liquid sloshing in a cubic tank with 
different baffle configurations under harmonic-motion excitation. 
Hasheminejad et al. studied transient two-dimensional sloshing in 
non-deformable horizontal circular cylindrical vessels, filled with 
invisibly incompressible fluids at variable depths and subjected to 
subsequent time-dependent variable accelerations [2].  

In addition to all these studies on the production and effects on 
vehicle dynamics of liquid sloshing while moving the vehicle, there 
are also the characteristics of manure that changes by processing, 
including anaerobic digestion.  
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The main objective of this paper is to determine the effects of 
the sloshing load (sloshing stresses) on the fluid tank using or not 
baffle. 

2. Materials and Methods 
The design of equipment that transports and stores liquid 

manure requires a detailed understanding of the movement of the 
liquid during sloshing. 

The pressure distribution on the tank wall is a special concern 
because the local temporal peaks of the sloshing, which can reach 
the same as the road tank twice the value of the rigid load. In road 
tanks, the free surface of the liquid can experience large 
displacements even for very small movements of the tank, leading 
to stability problems. [1] 

The literature review reveals that many studies have been 
conducted mainly on rectangular tanks both by numerical and 
experimental approach, and very few scale models of cylindrical 
tanks, which carry liquids. So, in this paper, the effect of mounting 
a baffle configuration or removing it has been studied. The fluid 
structure interface was analyzed using two-dimensional nonlinear 
CFD analysis of a scale model of a tank carrying liquid manure 
from farmers. 

The real model of the simulated tank carrying liquid manure is 
found in Fig.1, also represented in 3D after being modeled in 
Solidworks software in Fig.2 

 
Fig.1. The real model of the liquid manure tank simulate 

 
    Fig.2. The real model of the liquid manure tank simulate in Solidworks 

The research was carried out on a tank with a volume of 4000l, 
with a circular section with a diameter of d = 1420mm and a length 
L = 3400mm, subjected to two numerical simulations, once a tank 
with a random configuration was mounted inside the tank (see 
Fig.3) and in second without it . The thickness of the tank wall and 
the baffle was 3 mm, made of cold rolled steel, with standardized 
characteristics resistant to traction and corrosion. The real-scale 
constructive parameters of the numerically simulated tank model 
(geometric shape of the tank) were shown in Fig.4. The dimensions 
and configuration of the boiler mounted in the middle of the tank 
were highlighted in Fig.3. From the sketch in Fig.3, it appears that 
the baffle has a circular shape, with a diameter equal to that of the 
tank. Being welded on the wall of the vessel and perforated in the 
vertical direction, having two holes of different sizes, thus dividing 
the tank into two equal compartments. In order to study the effects 

of stresses on the tank walls due to sloshing, the interface between 
the liquid and the structure using the Ansys-CFX numerical 
simulation software was considered, after the three-dimensional 
model with Solidworks was made in the first stage.  

 
       Fig.3 The configuration of the baffle mounted inside the tank 

 

Fig.4 The real-scale constructive parameters of the numerically simulated 
tank model; a)- top view; b)-right view ( A-A section view);1- front axle 

support;2- back axle support. 

The first simulation is done without baffles and the fluid can 
move freely, so as to find the maximum pressure exerted by the 
fluid. A sudden force is applied to the tank due to the braking 
maneuver and takes 6 seconds to stop completely. When a tank is 
subjected to linear instability, a series of waves are formed in the 
liquid and thus the liquid moves and therefore wield pressure on the 
walls of the tank. For the second simulation, a vertical baffle is 
used, perforated at the top and bottom of the tank (see fig.3). The 
movement of the fluid during the braking maneuver was shown in 
Fig.4.  

The sloshing liquid inside the partially filled tank is considered 
rigid, with an oxyz cartesian coordinate system as shown in Fig 5. 

 
Fig.5 Coordinate system of liniar sloshing liquid manure of the tank with 

baffle or unbaffle during the braking maneuver 

For the numerical simulation of the two cases with or without 
baffles, the liquid was considered incompressible, inviscid and 
irrational, according to the linear flow potential theory, thus the 
velocity field of the fluid in the whole fluid range can be described 
by a velocity potential φ which satisfies the conditions of the 
continuity equation, i.e.: 

                                                  (1) 

INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES" WEB ISSN 2603-3712; PRINT ISSN 2603-3704

48 YEAR LXVII, ISSUE 2, P.P. 47-51 (2021)



And free surface y = η, the kinematic (2) and dynamic free 
surface boundary conditions have to be satisfied: 

                      ,                              (2) 

                                               (3) 

The above boundary conditions are nonlinear. Higher-order 
terms come from the convective derivatives in equation (2) and the 
kinetic energy term in equation (3). For linear sloshing problems, 
the free surface elevation is considered to be small. Thus, the 
higher-order terms in the above equations are neglected. The 
boundary conditions are linearized as below at the mean water level 
as η⟶0: 

                                                                      (4) 

                                                                (5) 

When violent sloshing takes place, the contribution of the 
higher-order terms should not be neglected. Further, the solid-wall 
boundary condition is satisfied on the rigid tank wall: 

                                                                      (6) 

where η is the free surface elevation and  is the velocity of 
rigid body motion on body surface.  

In addition, since the fluid domain in the sloshing problem is a 
confined space and the free surface is non-breaking in potential 
flow problems, the fluid in the tank should satisfy overall fluid 
volume conservation, which requires the integration of free surface 
elevation on the mean water level to be zero: 

                                                             (7) 

The boundary value problem (1) and (4)–(7) is solved 
analytically by separating the total velocity potential into three 
parts, namely, the rigid body motion, the liquid velocity induced by 
free surface elevation applying the Navier-Stokes and mass 
equilibrium equations. 

By integrating both sides of the equation and utilizing the 
orthogonality property, the sloshing in liquid tank can be expressed 
by a series of modal equations as [8]. 

 
where βj is a generalized coordinate, ωj is the circular natural 
frequency of the j-th sloshing mode (note that j can be an integer for 
2D sloshing or an integer pair j= (a, b) for 3D sloshing), and η1, η2, 
η4, η5, and η6 denote the prescribed surge, sway, roll, pitch, and yaw 
motions of the sloshing tank, respectively. Equations (8) and (9) 
show that η3, which denotes the heave motion of the tank, does not 
show up in Kj(t), which means a pure heave motion will not induce 
liquid sloshing. However, in the coupled fluid-vehicle problems, if 
there is a coupling of heave motion with other DOFs in the vehicle 
motion equation, the heave motion still has to be considered and a 
6-DOF equation of motion needs to be established. λi and μi are the 
hydrodynamic coefficients corresponding to the j-th sloshing mode; 
Kj(t) is jointly determined by external excitation and hydrodynamic 
properties of the fluid.  

The hydrodynamic parameters corresponding to the j-th 
sloshing mode are given by [8]: 

                                     (10) 

                                          (11) 

                                           (12) 

                                           (13) 

                                          (14) 

The hydrodynamic parameters are derived from the free surface 
shape function fj and the Stokes–Joukowski potential Ωij, with the 
same scale of mass. The sloshing force and moment are calculated 
by solving the modal equation (equations (8) and (9)), given that all 
the prescribed motion and hydrodynamic parameters are known. 
Neglecting the sloshing moment induced purely by Stokes–
Joukowski potential and considering only the effect of free surface 
vibration, the sloshing force and moment components can be 
written as [8].  

 
Therefore, the fluid-induced force and moment can be 

decomposed into an inertial term that is equivalent to a solid mass, 
and a sloshing term induced by liquid vibration inside the tank. 

 Calculation, solving and interpretation of equations were 
quickly rendered using Ansys-CFX software. The characteristics of 
the simulated fluid can be found in the table below (Tab.1) 

3. Results and discussions 
The numerical simulations of the tank give the characteristics of 

the realization of a braking manoeuvre, after 6s, at a speed of 5m/s. 
In the simulation, the real phenomenon of producing the braking 
manoeuvre was shown. The tank starts at a speed of 0m/s, which 
then moves at a speed of 5m/s, for 6s, after which the braking 
occurs. The movement of the liquid in the tank has the shape shown 
in the graph, from figure 4. The same methodology was performed 
for the tank with or without baffle, partially filled (85%) with liquid 
manure, having the characteristics in Tabel 1. 
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Tabel 1. The parameter characteristics used of the simulated fluid 

Fluid name Manure liquid 

Density [kg/m3] 1017 

Velocity [m/s] 5 

Gravity [m/s2] 9.814 

Time taken by the truck to stop [sec] 6 

Frequency [Hz] 1 

 

In order to obtain an efficiency of the desired solution in a short 
time, in the stage of 3D numerical simulation, in the Ansys-CFX 
program, a simplified model was used. The tank carrying liquid 
manure was modelled and simulated by the method of similarity, 
having a compact and uniform geometric shape (see Fig 6 a), b)). 
Thus, in the case when the tank did not have a baffle mounted, 
728017 elements and 133963 nodes were obtained, and when they 
were mounted 386262 elements and 95874 nodes, as can be seen in 
Fig.6(a), b)). Fig 7 shows the captured screenshots, revealing the 
pressure of the fluid (sloshing fluid) on the walls of the tank during 
the braking manoeuvre when the vertical baffle with the two holes 
was not mounted. Fig.8 shows the captured screenshots, revealing 
the pressure of the fluid over the mounted baffle at different times. 

 

 
 

Fig.6 The mesh model of the liquid manure tank simulate without/with 
baffle, a) without baffle;b) with baffle 

 

Fig.7. The sloshing of the liquid manure tank simulate without baffle- 
screenshots 

 
Fig.8. The sloshing of the liquid manure tank simulate with baffle- 

screenshots 

It has been found that the severity of the sloshing load depends 
on various factors such as fluid depth, excitation frequency, tank 
movement. In Fig. 9 and Fig.10 were represented the values of the 
maximum pressure when a single vertical baffle is used. In 
conclusion, in Fig.11 it is possible to observe the variation of the 
liquid tensions on the wall of the tank that was subjected to a 
braking manoeuvre for both cases. It can be seen that the stresses of 
the liquid sloshing on the walls of the tank are much higher, 
compared to those in which a tank was placed inside the tank. as a 
result, the use of baffles has an important role in the dynamic 
behaviour of the liquid on the tank structure. 

 
Fig.9. The sloshing of the liquid manure tank simulate with baffle- 

screenshots 

 
Fig.10. The sloshing of the liquid manure tank simulate with baffle- 

screenshots 
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4. Conclusions 

 From the present study, it was found that the maximum fluid 
pressure in the CFD analysis of the tank without baffles is  
5732, 43 N / m2, and with a single baffle is 1649.17 N / m2.  
From the study it can be concluded that the configuration of 
the baffles affects the average and maximum pressure 
developed in the tank walls. The reduction of the fluid pressure 
on the walls of the container is 4.27 % without baffle and it is 
observed that in case of a vertical baffle it is 8.84 %. It can also 
be concluded that a vertical baffles is more effective in 
sloshing control. 

 
Fig.11. The impact sloshing on the wall of a manure tank simulate 

without/with baffle, the green color - represents the variation of the tensions 
in the tank without baffles, and the red color - represents the variation of the 
tensions with baffles. 

 

 The design of equipment that transports and stores liquid 
manure requires a detailed understanding of the movement of 
the liquid during sloshing. 

 In addition to all these studies on the production and effects on 
vehicle dynamics of liquid sloshing while moving the vehicle, 
there are also the characteristics of manure that changes by 
processing, including anaerobic digestion.  
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