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Study of the Effect of Baffles on Longitudinal
Stability of Partly Filled Fuel Tanker Semi-
Trailer Using CFD

Hong Duc Thong', Tran Minh Tai® and Huynh Phuoc Thien®

Abstract — Sloshing of liquid in partially filled fuel
tanker vehicles has a strong effect on the directional
stability and safety performance. Under the maneuver of
the vehicle, such as steering, braking or accelerating, the
liquid fuel in the tanker tends to oscillate. As a result,
hydrodynamic forces and moments raise. It leads to reduce
the stability limit and the controllability of the vehicle. To
minimize the effect of sloshing, the baffles are usually
added to the tanker. This paper presents the study of the
effect of baffles on the longitudinal stability of the fuel
tanker semi-trailer using the computational fluid dynamics
(CFD) approach. Three dimensional of a fluid dynamic
model of a typical tanker with different baffle
configuration is developed. Simulations are performed for
the cases of constant acceleration longitudinal maneuvers
with different levels of fuel. The post-processing results
show that the baffles could provide resistance again the
fluid sloshing, resulting in an improvement of the
longitudinal stability of the tanker semi-trailer. The results
also prove that the benefit of the baffle to the fuel tanker
vehicle’s stability depends on the size of the baffle, as well
as the number of baffles. The 40% height three baffles
model is the proper baffle model to resist the longitudinal
sloshing in the partially filled tanker of the studied trailer.
By adding baffles, shifting of load on the kingpin and the
rear axis are less than 5% and 2% as the tanker is filled
with 50% and 70% fluid level respectively.

Index Terms — Baffle, longitudinal dynamic fluid slosh,
sloshing simulation, tanker semi-trailer.

1 INTRODUCTION

As a tanker semi-trailer with a partially filled liquid tanker
is in acceleration or deceleration, the carrying fluid tends
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to oscillate. This phenomenon is preferred as sloshing, a form
of fluid-structure interaction. One of the major effects of
sloshing is to cause the change of the center of gravity of the
fluid when the tanker semi-trailer doing the braking or turning
maneuver. As a result, the dynamic load shift in the roll and
pitch planes could affect the roll and pitch moments, and the
mass moments of inertia of the fluid cargo and may lead to a
reduction in the directional stability limits and the
controllability of the vehicle.

To prevent large scale sloshing, baffles are usually added to
the tanker structure. Studies on the effect of baffle
configuration on sloshing phenomenon using both theoretical
and experimental approach have been carried out for the past
several decades. However, only a few theoretical studies deal
with the complicated case of sloshing such as tanker semi-
trailer in braking or turning maneuver. The experimental
approach could give a visual view of sloshing. But, it requires
well preparation of equipment such as excitation system,
acceleration acquisition system and wave-height measurement
system [1]. In addition, it is difficult to carry out the
experiment on large testing objects [2].

In  recent vyears, the numerical approach using
Computational Fluid Dynamics (CFD) analysis plays an
important role in predicting the behavior of fluid-structure
interaction in the sloshing. Time and cost-saving can be
achieved by using the CFD as a tool to find out the proper
model in a group of potential models. Besides that, CFD can
deal with the flow limitation and the complicated boundary
condition. Several techniques have been used to numerical
simulate of liquid sloshing, consisting of boundary element
integral methods, finite element methods for potential flow,
finite difference/volume methods solving the Navier—Stokes
equations, and the smoothed particle hydrodynamics method
[2]. Among these numerical approaches, the method based on
Navier — Stokes solver coupled with the Volume-of-Fluid
(VOF) technique is proper to simulate large-amplitude fluid
slosh under time-varying excitation acceleration, as well as to
track the liquid free surface [3].

In this paper, the study of the effect of baffles configuration
on the longitudinal stability of an ellipse cross-section tanker
semi-trailer is discussed. The Ansys Fluent software is used to
solve the Navier — Stoke equation. The Volume of Fluid
model is chosen to formulate the interaction of multiphase of
fluid in the tanker [4]. The user-define-function (UDF) is used
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to vary the acceleration of the tanker according to the
simulation scheme.

2  PHYSICAL MODEL AND STATIC STABILITY
ANALYSIS

The study is carried out on the tanker semi trailer’s model
of KCT G43-BX40-02 made by Tan Thanh Trading
Mechanic Corp, Viet Nam [7]. The main components of the
trailer are shown in fig. 1. Detail of load distribution on the
kingpin and the rear axes is illustrated in Table 1.
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Note: kp: kingpin, 1lg: landing leg
ss: side shield, tk: tanker, rs: rear shield
Fig. 1. Forces acting on the trailer
TABLE |
LOAD DISTRIBUTION ON THE KINGPIN AND REAR AXES
N Quantity Value Load on Lorae(;ron
0. (kg) kingpin (kg) axes (kg)
1 Plate to install kingpin 115 115 0
2 Landing leg 150 105 45
3 Side shield 80 40 40
4 Main beam & accessory 3870 0 3870
5 Rear shield & light sys. 150 -45 195
6 Tanker 5050 1960 3090
7 Full gas. load (40 cubic 29600 12840 16760
meters)
8 Net weight at zero load 9415 2175 7240
9 Gross weight at full load 39015 15015 24000
3 SIMULATION MODELLING
3.1 Numerical Model

The numerical simulation is done on the fuel tanker semi-
trailer G43-BX40-02. To simplify, the tanker is considered to
have ellipse cross-section with the dimension of 2.5 m in
height 1.96 m in wide. The total length of the tanker is 10.5 m.
The fore and aft bulkheads of the tanker are assumed to be
flat, and the baffles are also flat. The origin of the coordinate
system used is located at the geometric center of the tanker,
the x-axis is along the longitudinal axis of the tanker, the z-
axis is in the vertical direction. The baffles are installed in the
lateral plane with equal distance along the x-axis, and
symmetry about the OXY plane axis is in the vertical
direction. Figure 2 depicts the overall dimension of the tanker.
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Fig. 2. The tanker’s geometry equipped with three lateral baffles

There baffle configurations that have quantity of baffle of 3,
4, and 5 are considered. On each configuration, the baffles’
height is set to 30%, 40%, and 50% of the tanker’s height. In
general, baffles are flat, the overall shape of baffle is similar to
the tanker cross-section. The baffle is symmetric about the
longitudinal and lateral axes. The baffles that have a height of
40% and 50% of the tanker’s height are shown in figure 3.
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Fig. 3. The shape of the baffle that have a height of 40% (a) and 50% (b)
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The simulations were performed under time-varying
acceleration along the longitudinal axis as showed in figure 4.
In the first 0.1 seconds of the simulation, the acceleration is set
to zero. The fuel tanker vehicle is then accelerated at a
constant acceleration of 0.7m/s?in 7.9 seconds. As the vehicle
reaches the velocity of 20 km/h, its acceleration is then set to 0
and remain at that value for the rest of simulation. For all of
the simulation, the translation acceleration is set to 9.81 m/s?
in the direction of —Z-axis [5].
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Fig. 4. The acceleration excitation along the longitudinal axis.

3.2 Simulation method

The simulation of sloshing of fluid in the fuel tanker under
the time-varying acceleration excitation is done using the
commercial Computation Fluid Dynamics software, namely
Ansys Fluent version 18.2. The process of simulation and
post- processing of the results is illustrated in the flowchart in
figure 5.

The Fluid Flow (Fluent) module of Ansys Workbench is
used to create the geometry of the tanker and baffles. The
unstructured mesh is used to smooth the transition at the
tanker wall and the baffles. The mesh quality is controlled to
be fined during the automatic mesh generation. The wireframe
view of the mesh is shown in figure 6, while the detail of the
mesh is listed in Table II.



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 3

ANSYS | i Creating the .*N Meshing | i Export |
© Geometry I i © 1 .mesh file !
U S SRS S S — :

—~ - Setup the computational model :

i - Setup the phase’s property E
FLUENT i - Setup the boundary condition A ,
+ i and the operation condition b :
Visual i - Compile and load the UDF file : 1 Export
Studio ' that describes the motion of the | *i .data 1
! mesh. Setup the dynamic mesh | | file |
i - Adapt the fluid level to the mesh | - oo !

E - Run the calculation and save the !

i results. :

i i Export the file .csv, contents: i

ANSYS - Cell volume E

1 - Cell coordinate !

i - Gas/air volume fraction :

EXCEL

i Calculate the P Comparison of : ' Result :

! center of gravity | ! results on ; i evaluationand !

E of the fluid : : different cases : : conclusion :

......................................

Fig. 5. The process of simulation and result post processing

Fig. 6. The wireframe mesh of tanker with 3 baffles, baffle height = 50%

TABLE Il
DETAIL OF MESH QUALITY FOR THE CASE OF 3 BAFFLES

Quantity 30% height 40% height ~ 50% height
Sizing function Uniform Uniform Uniform
Relevance center Fine Fine Fine

Max face size 0.16m 0.16m 0.16m
Defeature size 8e™ 8e-04 8e-04
Smoothing Medium Medium Medium
Node 10980 11499 14311
Element 5089 56025 55383

In order to track the center of gravity of the fluid sloshing,
the Volume of Fluid (VOF) multiphase model is activated in
the solving model of Ansys Fluent. Two phases of air and
gasoline are used to represent the gasoline and air in the
partially filled tanker. The VOF model was designed to
capture the position of the interface between two immiscible

fluids.

The volume fraction of each phase in every cell is tracked
throughout the domain by a set of momentum equation
between phases. The VOF model relies on the hypothesis that
the fluids are not interpenetrating. In each computational cell,
the total volume fraction of all phases equal to 1[4]. The detail
of the solver and the fluid properties are illustrated in table I11.

In order to model the time-varying acceleration motion of
the tanker, the User-Defined-Function (UDF file) is used. This
file describes the motion of the tankers’ geometry according to
the model of the tanker’s acceleration. By running the Ansys
Fluent on the Visual Studio Developer Command Prompt, the
UDF file can be built, loaded into a library in Fluent. The
functions defined by the UDF file will control the motion of
the mesh via the setting in the dynamic mesh task page of

Fluent[6].
TABLE llI
DETAIL OF MODEL AND PARAMETER SETTING OF THE SOLVER

Model and parameter Setting

Solving type Pressure based, time transient
Multiple phase model Volume of Fluid

Number of Eulerian phases 2

Volume fraction parameter Explicit

Volume fraction cutoff 1e%

Courant number 0.25

Viscous model
Near wall treatment

Reliable k — epsilon
Scalable wall function

Pressure velocity coupling SIMPLE
Gradient model Least squares cell based
Pressure model PRESTO

Momentum model
Tracking surface method
Transient Formulation

Second order upwind
Geo — Reconstruct
First order implicit

Primary phase Air

Secondary phase Gasoline liquid
Air density (kg/m®) 1.225

Air viscosity (kg/m-s) 1.7894e-05

Gasoline density (kg/m3) - Pas 830

Gasoline viscosity (kg/m-s) 0.00332

3.3 Post processing of simulation results

The exported data is set to contain the information of the
volume of each computational cell of the mesh V., and the
volume fraction of liquid in each cell, vof(C)gas. As a result, the
mass of liquid in each cell can be calculated by the formula:

M. = Py V. VOF (C)

Three cases are existing for the value of vof(C)gas:

- vof(C)gas = 1: the cell full of gasoline

- vof(C)gas = O: the cell full of air (empty of gasoline)

- 0 < vof(C)gas < 1: the cell is partially filled with gasoline
(in the free surface between gasoline and air).

By assuming that the center of gravity of fluid in the free
surface cell is at the centroid of the cell, the instantaneous
center of gravity of the liquid in the tanker can be obtained
from the volume integrals over the computational domain.
Alternatively, for the discrete mesh, the estimation of the
center of gravity is done by:

DM,

X _ZXC'MC _zyc'Mc
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In which, X, Y., Z. are the coordinate of the centroid of the cell  shown in Table V, the static gross weight of the trailer is
c respect to the original coordinate of the tanker. 20720 kg.

4  RESULTS AND DISCUSSIONS sontour-3

4.1  Static stability

The static stability of the trailer can be obtained by taking
into account the load of gasoline to the change of the static
center of gravity. As changing the liquid level, the load of
fluid will be changed, while the weight of other components is
remaining. Resulting in the shifting of the center of gravity,
and the redistribution of load on the kingpin and the rear axes.
The redistribution load on the kingpin and the rear axes at
different mode of liquid fluid level are shown in Table IV.

TABLE IV LOAD ON THE KINGPIN AND THE REAR AXES AT
DIFFERENT LOAD MODE OF THE TANKER

' ©
(Spmn

G;: Gross Gy Load on G, Load on rear Fig. 7a. Volume fraction of gasoline on 3 baffles model

Load mode weight (kg) kmgpm (kg) axes (kg) Volume fraction {gasoil)
100% 29600 12840 16760
90% 26640 11556 15084
70% 20720 8988 11732
50% 14800 6420 8380

The distance from the center of gravity of the liquid fluid in
the tanker to the Kkingpin can be calculated using the
formulate: L, =L,G, /G, =4.490m. In which, Lo = 7.930 m

is the wheelbase of the trailer.

4.2  Dynamic stability

The dynamic stability of the trailer is evaluated by
calculating the shifting of load due to the sloshing of fluid
under a time-varying acceleration excitation. At a certain level
of fluid in the tanker, the free surface of the liquid will be
changed as the sloshing is occurred. As a result, the location of
the center of gravity of fluid is varied, leading to a
redistribution of load on the kingpin and the rear axes.

The calculation of load on the kingpin during sloshing is

done by: G}, =G.(L; +AXy e )/ Ly In which, Ax is
the shifting of the center of gravity of the liquid fluid obtained

from the post processing of simulation results. Therefore, the
shifting of load on the kingpin due to sloshing can be obtained

o i

Ko )

Fig. 7b. Volume fraction of gasoline on 4 baffles model

cg _tanker

by: load shifting onthekingpin =G/, —G,, . Similarly, the load - E
and the shifting of load on the rear axes can be obtained by I o0t
applied the following formulates: G, =G,-G/, and o _‘
load shifting on the rear axes :GZ’t -G,,. Fig. 7c. Volume fraction of gasoline on 5 baffles model

To study the effect of the quantity of baffle to the dynamic TABLE V EFFECT OF THE NUMBER OF BAFFLE ON THE LOAD
stability of the semi-trailer, the lateral baffles are inserted to REDISTRIBUTION

the tanker. The baffle’s height equals 40% the height of the
tanker, while the baffle quantity is set to be three, four, or five

Static load (kg) Dynamic load Shifting of load

baffles. In these simulation cases, the gasoline is set up at Baffle (ko) (%)

0 ) ! g . p model King- Rear King- Rear King- Rear
70% of the tanker volume. The simulation result in term of pin axes pin axes pin axes
volume fractlo_n of_ gasoline is depl_cte_d in fygu_re 7. _ 3 baffles | 8988 | 11732 | 8sa1 | 11879 | -164 126

As seen in Fig. 7a, b, ¢, the liquid fluid is moving toward
the rear of the tanker at the time of observation. Therefore, it 4 baffles | 8988 | 11732 | 8516 | 12204 | -5.26 4.03

can be predicted that dynamic load will increase in the rear of
the tanker, and decrease in the front of the tanker. Detail of the
redistribution of load on the kingpin and the rear axes is

5 baffles | 8988 11732 8919 11801 -0.76 0.59
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Figures 8 and 9 illustrate the amount of changing in the load
distribution on the kingpin and the rear axes at different baffle
configuration.
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Fig. 8. Effect of the number of baffle on the shifting of load on the kingpin
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Fig. 9. Effect of the number of baffle on the shifting of load on the rear
axes

As seen in figures 8 and 9, the baffles help to slow down the
redistribution of load on the kingpin and the rear axes. The
three and five baffle models give good results in preventing
the shifting of the center of gravity of the trailer in comparison
with the model of four baffles. At the time of observation, it
can be recognized in all cases of the simulation that load is
reduced on the kingpin and increase on the rear axes.

In comparison to the three baffles model, the model with
five baffles provides better resistance against the sloshing. The
reduction of load on the kingpin of five baffles model (0.76%)
is lightly smaller than in the three baffles model (1.64%). The
increase of load on the rear axes of the five baffles model
(0.59%) is a little bit smaller as compared with the case of the
three baffles model (1.26%).

However, as evaluating the term of cost and simplicity, the
three baffles model has more advantages than the five baffles
model. Therefore, the tanker with three lateral baffles will be
used for further study on the effect of baffle height on the

longitudinal stability of the trailer.

Three baffle height of 30%, 40%, and 50% are used to find
out which model will give better results in reducing of shifting
of the center of gravity of the trailer as under sloshing. The
simulation results in terms of volume fraction of fluid for the
liquid level of 50% are depicted in Figure 10a, b, c.
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Fig. 10a. VVolume fraction of gasoline on 30% baffle height model,
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Fig. 10b. Volume fraction of gasoline on 40% baffle height model,
liquid fluid level of 50%
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Fig. 10c. Volume fraction of gasoline on 50% baffle height model, liquid
fluid model of 50%

Detail of load distribution on the kingpin and the rear axes
at the static condition and sloshing is shown in Table VI.
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TABLE V EFFECT OF BAFFLE’S HEIGHT ON THE LOAD
REDISTRIBUTION — FLUID LEVEL OF 50%

Static load Dynamic load Shifting of load
Baffle K K %

height (kg) (kg) (%)
(%) King- Rear King- Rear King- Rear
pin axes pin axes pin axes
30 6420 8380 4326 10474 | -32.61 | 24.99
40 6420 8380 6206 8594 -3.33 2.55
50 6420 8380 5853 8947 -8.83 6.76

At the liquid fluid level of 50%, the baffle model of 30%
baffle height has less effect on reducing the movement of the
fluid. As shown in figure 10a, the fluid tends to move toward
the right end of the tanker at the time of observation.
Therefore, the dynamic load significantly increase on the rear
axes of the tanker (24.99%), and highly reduce on the kingpin
(32.61%).

In the models that have a baffle height of 40% and 50%, the
baffles effectively limit the oscillation of fluid. As a result, the
shifting of the center of gravity of the fluid is rather small as
compared with the 30% baffle height model.

Among the three models of baffle height, the model of 40%
baffle height gives the smallest movement of the center of
gravity of the trailer, resulting in the smallest shifting of load
on the kingpin and the rear axes (-3.33% and 2.55%). This
dominance of the 40% baffle height model will be validated
on other liquid fluid levels of 70% and 90%. The simulation
result of these cases is detailed in Table VI and VII.

TABLE VI EFFECT OF BAFFLE’S HEIGHT ON THE LOAD
REDISTRIBUTION — FLUID LEVEL OF 70%

Static load Dynamic load Shifting of load
Baffle K K %

neight (ko) (kg) (%)
(%) King- Rear King- Rear King- Rear
pin axes pin axes pin axes
30 8988 11732 7633 13087 | -15.07 | 11.55
40 8988 11732 8841 11879 -1.64 1.26
50 8988 11732 8104 12616 -9.83 7.53

The simulation result of the 70% liquid level is similar to
the case of the fluid level of 50%. The 40% baffles’ height
model gives the best result in preventing the load shifting,
while the largest load shifting occurs in the 30% baffles’
height model. The volume fraction of gasoline for three
models of baffle height is illustrated in figure 11.
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Fig. 11a. Volume fraction of gasoline on 30% baffle height model, liquid
fluid level of 70%

» 1
Fig. 11b. Volume fraction of gasoline on 40% baffle height model, qu[]id
fluid level of 70%

I 4

Fig. 11c. Volume fraction of gasoline on 50% baffle height model,'liquid
fluid level of 70%

The result of load shifting for the case of 90% liquid level is
shown in Table VII. The volume of fluid on the computational
domain is depicted in figure 12. It can be seen that the fluid
does not have much space for sloshing. With the baffle height
of 30% and 40% the baffles nearly submerse in the liquid fluid
and have less effect in reducing the fluid oscillation. Baffle
height of 50% provides a better reduction of sloshing,
resulting in the smallest load shifting in the kingpin and the
rear axes among the there model of baffle height.

TABLE VII EFFECT OF BAFFLE’S HEIGHT ON THE LOAD
REDISTRIBUTION — FLUID LEVEL OF 90%

Static load Dynamic load Shifting of load
Baffle 9

height (ko) (kg) (%)
(%) King- Rear King- Rear King- Rear
pin axes pin axes pin axes
30 11556 | 15084 | 10445 | 16195 -9.61 7.37
40 11556 | 15084 | 10574 | 16066 -85 6.51
50 11556 | 15084 | 10790 | 15850 -6.63 5.08
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Fig. 12a. Volume fraction of gasoline on 30% baffle height model, liquid
fluid level of 90%
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Fig. 12b. VVolume fraction of gasoline on 40% baffle height model, liquid

fluid level of 90%
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Fig. 12c. Volume fraction of gasoline on 50% baffle height model, liquid
fluid level of 90%

5 CONCLUSIONS

The study of the effect of adding lateral baffles on the
longitudinal stability of a tanker semi-trailer has been
conducted by using a computational fluid dynamics approach.
Lateral baffles characteristic in terms of a number of the
baffle, and height of baffle have been examined to find out the
appropriate baffle configuration.

It could be concluded that the simulation approach using
multiphase Volume of Fluid Model in Ansys Fluent can be
used to capture the air-liquid fluid interface. Analyses of the
simulation results show that lateral baffles could be damping

the oscillation of fluid under sloshing.

The 40% height three baffles model is the proper tanker
model to resist the longitudinal sloshing in the partially filled
tanker of the studied trailer.

Validation on different liquids levels shows that the
effectiveness of the baffle against the sloshing is high at a low
liquid level. This effect reduces as the tanker is full or nearly
full of liquid.
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Nghién Ciru Tac Dung Cua Vach Ngan Doi véi Su
On Dinh Doc Cua Somi Ro-Mooc Ché Xang St
Dung Phuong Phap M6 Phong S6

Tac gia: Hong Duc Thong, Tran Minh Tai, va Huynh Phudc Thién

Tém tit_ Sy song sanh cia chit 1ong trong bon chira khong day tai co anh huong rat 1on dén on dinh doc va sy van hanh an toan
clia somi romoc bon nhién liéu. Khi xe chuyén huéng, ting téc hodc phanh, chit long trong bon ¢6 xu hudng dao dong. Két qua
1a cac Iyc va mo men thay dong s& xuét hién lam giam giGi han 6n dinh va kha ning diéu khién cua xe. Dé han ché tac dong cua
dao dong song sanh, cac vach ngan thuong dugce thém vao chu trac cua bon. Trong bai bao nay, nghién ciru vé tac dung cua vach
ngan dbi véi sur on dinh doc cua somi ro-mooc chd xéng sir dung phuong phap s6 s€ duoc trinh bay. Mot m6 hinh tinh toan s6 ba
chidu véi cac cau tric khac nhau cua vach ngén dugc xay dung phuc vu cho viéc mé phong. M6 phong dugce tién hanh cho
treong hop xe duge gia téc déu theo phwong doc truc véi cac mire tai khac nhau trong bon ché xiang. Viée phan tich két qua mo
phong cho thiy cac vach ngin c6 kha ning chdng lai cac dao dong séng sanh trong bon, két qua 1a 1am cai thién 6n dinh doc cua
phuong tién. Cac két qua tinh toan ciing cho thiy 6n dinh doc cuia xe bon phu thude vao sé lugng va kich thude ciia vach ngan.
Mo hinh bdn véi ba vach ngin c¢6 chiéu cao vach bang 40% chiéu cao bon cho két qua tt nhat trong viéc 1am giam thiéu sy séng
sanh ciia chit long theo phuong doc truc trén xe bdn khao sat. Bing cach thém vao cac vach ngan, su thay ddi tai trong trén chét
kéo va trén truc sau c6 thé nho hon 5% va 2% khi muc xing trong bon 1an lugt & mirc 50% va 70% chiéu cao bon.

Tir khéa — Vach ngan, 6n dinh doc ctia chit 1ong trong bon, mod phong su song sanh ciia chat long trong bon chira, xe bon.



