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Abstract - The effect of a horizontal perforated baffle on
sloshing is investigated for a single chamber of a tank truck
under different fill levels. During the braking and sudden
evading maneuver, the effect of fluid impact further carried
on by sloshing can be detrimental rather than alleviating the
distress of an imminent danger ahead. As the load shifting
easily occurs in partly filled fluid containing tanks, when
accompanied by a dynamic impact, it escalates a roll over
moment and disrupts the linear fashioned braking of a tank
truck. Tank trucks that carry dangerous fluids possess far
greater danger as a rollover can result in a blast. Transient
analysis is performed for models with and without a
horizontal perforated baffle integrated inside the chamber of
a tank truck with Volume of Fluid (VOF) technique in Ansys
CFX software. In order to visualize the behavior of fluid
under such scenarios, a time series analysis is carried out for
tracking free surface, pressure change, center of gravity shift
and the response of oscillations of fluid inside the chamber.
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1. INTRODUCTION

Sloshing is defined as the oscillation of fluid with an
unrestricted free surface. With sudden deceleration imposed
by braking, a rise of fluid height occurs with an inertia or a
dynamic component hence rigorous sloshing occurs in the
chamber of a tank truck. In tank trucks that may carry fluids
such as fuels, chemicals or simply water may encounter a
situation when they remain partly filled for the remaining
journey; it is the condition when the chances of rollover
increase dramatically. A report of highway accidents
involving heavy vehicles suggested that tank trucks were 4.8
times more likely to be involved in rollovers [1]. Another US
study reported that the average annual number of tanker
rollovers is about 1265, which accounts for 36.2% of the
total number of heavy vehicle highway accidents [2] .In cases
of partly filled tank trucks, sloshing can yield a roll moment
of up to 1.57 [3]. Furthermore, it causes severe stability and
directional loss, hence for this very reason various kinds of
baffles and the effect of their shapes on dampening the
sloshing have been studied [4 -7]. However, to date not much
light is shed on the horizontal type and this paper aims to
elucidate their effect on sloshing in a single chamber of a
tank truck under different fill levels. The need of an effective
baffle is of vital importance as without it the braking of the
tank truck will not be smooth and stable fashioned, due to
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the oscillations caused by sloshing of the fluid that results in
friction with varying modes [8, 9].

1.1 Methodology

The effect of sloshing is contemplated for a horizontal
perforated baffle integrated into a chamber of a tank truck.
Yan modelled longitudinal fluid slosh within a tank
containing baffles using the Navier-Stokes equations
coupled with the volume-of-fluid (VOF) equation in Ansys
Fluent [10], similarly Bautista used Navier-Stokes equation
and standard k-& turbulence model [4]. Sajid used the same
(VOF) approach [7],

Pp=Vo+(1-V) 1

where ¢ is the volume averaged quantity, V is the liquid
volume fraction, ¢1 & ¢, are fluid 1 phase and fluid 2 phase
respectively, algorithm based on this equation is used in
Ansys CFX with k-¢ turbulence model to solve the multiphase
flow. Analysis was performed for fill levels ranging from
30% to 90 % with increments of 20%.

2. DESIGN PARAMETERS

The shape of the chamber is elliptical which is the most
common for tank trucks, similar to the aspect ratio that
Kolaei used [11], with dimensions of the chamber similar to
as Shimanovsky used [12]. Table 1 shows the dimensions.

Table-1: Design model dimensions

Height (m) 2.04
Width (m) 2.5
Length (m) | 1.5

The perforated baffle is flat and laid normal to the bulkheads
exactly in the center at 50% height from the base of the
chamber. Kolaei considered vertically center mounted baffle
to be effective for damping lateral slosh [13]. Since the cross
section of the chamber is maximum at the center, it is the
section where the most powerful sloshing could occur, as it
has enough filled mass to easily destabilize the tank truck.
At this position the perforated baffle could yield better
damping results for most fill levels. The baffle plate has 7
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holes in a column and 3 rows totaling up to 21 holes with a
diameter of 0.2m, integrated in the chamber of volume 6 mS.

Fig -1: CAD model of Design

2.1 Boundary conditions

An optimum deceleration of 5m/s? [6, 14] was applied for
time 0 < t < 3 seconds in the longitudinal direction with
gravity of 9.81m/s? applied constant throughout. Fluid
temperature was 25 °C, fluids densities were 1.225kg/m?
and 998 kg/m? respectively for air and water, initial fluid
velocityasx=0m/s,y=0m/s,z=0m/s at 1 atm pressure
inside the chamber was applied. Time step size used was
0.04s [6] to ensure accuracy. The simulation was carried out
till 5 seconds to completely contemplate the effect from the
application of brakes to completely coming to a halt.

2.2 Mesh structure

The mesh used was fine with high resolution. The number of
nodes for baffled & un-baffled chamber were 52013, 34339
respectively and were kept consistent throughout.

Fig-2: Mesh structure

3. RESULTS AND DISCUSSION

Free surface tracking was done by Isosurface and water
volume fraction results. Time series results from Figures 3 to
12 show that for 30% fill level the fluid first pierced through
the perforated baffle at 0.32 seconds, for 50% fill level at
0.16 seconds, which is the fastest of all since the free surface
of the fluid lies at the level of perforated baffle. Hence, for

rising fill levels the time for the fluid to pierce through the
baffle increased. This is because the volume of fluid sitting
over the baffle needs some time to shift, in order to allow the
fluid below to pierce through. For 70% and 90% fill levels, it
was 0.32 seconds and 0.48 seconds respectively.

t=1.52sec t=2.00sec t=2.48 sec t=2.96 sec

Fig-3: Time series results of volume fraction for 30% fill
level in chamber without perforated baffle.

t=0.16 sec

t=1.52sec

t=2.00sec t=2.48 sec t=2.96 sec

Fig-4: Time series results of free surface position for 30%
fill level in chamber without perforated baffle.

t=0.16 sec

t=0.32 sec

t=1.52 sec t=2.00 sec t=2.48sec t=2.96 sec

Fig-5: Time series results of volume fraction for 30% fill
level in chamber with perforated baffle.
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Fig-10: Volume fraction & free surface of fluid at 50% fill
3 e Y e 3 level in chamber with baffle t=0.32 sec.

t=1.52 sec t=2.00 sec t=2.48 sec t=2.96 sec

Fig-6: Time series results of free surface position for 30%
fill level in chamber with perforated baffle.

Fig-11: Volume fraction & free surface of fluid at 90% fill
level in chamber without baffle t=0.48 sec.

Fig-7: Volume fraction & free surface of fluid at 50% fill
level in chamber without baffle at t=0.16 sec.

Fig-12: Volume fraction & free surface of fluid at 50% fill
level in chamber with baffle t=0.48 sec.

i Table 2 shows that maximum damping factor of 0.285 at afill

e level of 50% was observed for the perforated baffle

integrated chamber, however for 30% and 70% fill levels it

Fig-8: Volume fraction & free surface of fluid at 50% fill was 0.167. There was no significant change for 90% fill level.

level in chamber with baffle t=0.16 sec.
Table-2: Fluid oscillation frequency during

deceleration
Fill level (%) | Baffled chamber Un-Baffled chamber
frequency (HZ) frequency (HZ)
30 1.667Hz 2Hz
50 1.667Hz 2.333Hz
70 1.667Hz 2Hz
20 1.667Hz 1.667Hz

Fig-9: Volume fraction & free surface of fluid at 70% fill 3.1 Pressure effect

level in chamber without baffle t=0.32 sec. . o
The effect of dynamic pressure causes a surge contributing

to rigorous sloshing. Figures 13 to 16 show the pressure
profile in both the chambers for respective fill levels at 0.16
seconds. The pressure readings for the baffled chamber were
high especially in the initial time period, owing to the fact
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that the fluid faces resistance to pass through the baffle
holes, as it is constrained to a great extent. Therefore, the
pressure rise is more as compared to the chamber without
baffles. However, the baffle reduces the pressure surge
significantly and its importance is accentuated.

Baffled chamber Un- Baffled chamber

Fig-13: Pressure distribution for 30% fill Level at t=0.16
sec

Baffled chamber Un- Baffled chamber
Fig-14 Pressure distribution for 50% fill Level at t=0.16
sec

Baffled chamber Un- Baffled chamber
Fig-15: Pressure distribution for 70% fill Level at t=0.16
sec

Baffled chamber
Fig-16: Pressure distribution for 90% fill Level at t=0.16
sec

Un- Baffled chamber
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Charts 1 to 4 show the average fluid pressure trend with
respect to time for both chambers at respective fill levels
during deceleration. The pressure results show that the
pressure reaches a stable value for the baffled chamber
quickly as compared to the un-baffled chamber. For fill levels
0f 50% and 90%, stable pressure value was reached within 1
second whereas for 70% and 30% fill level it required 0.5
seconds and1.5 seconds respectively. For fill levels of 30%
and 50% in the baffled chamber the final stable readings of
pressure recorded as 10500 pascal and 12500 pascal
respectively were lower than the ones for the chamber
without baffle. However, for 70% and 90% fill levels the
higher value of stable pressure was observed in the baffled
chamber than the un-baffled chamber due to the damping
effect.
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Chart -1: Fluid pressure variation with time for 30% fill
level in both chambers.
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Chart -2: Fluid pressure variation with time for 50% fill
level in both chambers.
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Chart -3: Fluid pressure variation with time for 70% fill
level in both chambers.
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Chart -6: Center of gravity (Cg) variation with time for

A Bl - I o) F
Chart -4: Fluid pressure variation with time for 90% fill both chambers at 50% fill level.

level in both chambers.

3. Variation of center of gravity (Cg) 12

Charts 5 to 8 show the position of instantaneous center of 1
gravity (Cg) from base for both the chambers at respective
fill levels, with time under the deceleration period. The time
taken for the Cg to stabilize was 0.2 seconds for 90% fill level 08
in both chambers, approximately 0.5 seconds for the rest of
fill levels in the baffle incorporated chamber. For 70% fill

~ >~

Cg (m)

06

level Cg stabilized at 2.5 seconds yet for the fill levels below 0 05 1 15 2 25 3 3.5
70% Cg remained unstable throughout the deceleration Time (s)

period for the un-baffled chambers. The continuous rise and —e— Um-Baffled chamber Baffled chamber

fall of Cg affects the traction of the tires with the road. This
causes unstable braking and the worst in the case of an
evading maneuver, where a sudden rise of Cg while initiating
a sharp turn can yield to a larger roll moment, hence
contributing to a roll over [8, 3]. Varying Cg contributes to
the disruption in the braking of the tank truck as fluid inertia
varies frequently while sloshing. Cg for 30%, 50% and 70%
fill levels inside the un-baffled chamber fluctuated with a
maximum of 0.42 m, 0.315 m and 0.097 m respectively. For
90% fill level Cg was the same with minimal rise of 0.1m for
both the chambers simultaneously. 095

Chart -7: Center of gravity (Cg) variation with time for
both chambers at 70% fill level.
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1.2 0.9

0 0.5 1 1.5 2 2.5 3 35
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0.8 \/
06 \// Chart -8: Center of gravity (Cg) variation with time for

both chambers at 90% fill level.

1

Cg (m)

0.4
0.2 3. CONCLUSIONS
0 05 1 15 2 25 3 35
Time (s) The main conclusion derived from this work is as;
—o—Um-Baffled chamber Baffled chamber

At 50% height the width of the cross section of ellipse is
maximum hence the sloshing response was also maximum.
Therefore, maximum oscillation frequency was recorded at
50% fill level. In the perforated baffle incorporated chamber
a reduction of 28.5% in the oscillation response was

Chart -5: Center of gravity (Cg) variation with time for
both chambers at 30% fill level.
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observed. However, at 90% fill level there was no significant
difference in the oscillations, therefore the positive effect on
damping by the perforated baffle was in the range of 30-70%
fill level. The variation in the height of Cg was minimal for
the baffled chamber whereas for the chamber without baffle
frequent fluctuations in the height of Cg were observed.

The pressure surge in the chamber with perforated baffle
was minimal, whereas higher pressure readings were
observed due to the resistance offered by the perforated
baffle while dampening the surge. For the un-baffled
chamber an approximate variation of 11000 Pascal was
observed throughout the initial deceleration period for most
fill levels. For the baffled chamber such variations were
stabilized within a short period of time. As damping is
considerably increased with the perforated baffle, the Cg
quickly becomes stable therefore the vehicle’s linear braking
and maneuvering abilities increase, significantly in the initial
period of braking, hence through better traction a turn can
be initiated to evade an accident with greater stability.
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