Laboratory 3-4

Aerodynamic study of the trailer truck

This laboratory work presents the modeling and aerodynamic study of a road train
body using dedicated software. During the truck's movement on the road, the forces acting
upon the body influence its stability.

The main forces acting on a vehicle's body are: lift force (L), drag force (D), and side
force (S). Lift acts perpendicular to the direction of airflow, causing the vehicle to lift up
when applied in the positive direction, and when applied in the negative direction, the
opposite effect is achieved, resulting in excessive pressure on the wheels.

In equation 1, the expression for this force is presented:

F=spVC,d (1)

Where:

F,= Lift force

p = Air density = 1.225 kg/m?
V = Airspeed

Cr = Lift coefficient

The forward resistance force is the force acting in the opposite direction to the
vehicle's forward motion. The value of this force is very important for determining the final
shape of the bodywork.

Equation 2 presents the formula for calculating this force.

F=2pV*Cye @)

Where:
Cp = aerodynamic coefticient

A lower aerodynamic coefficient facilitates better vehicle stability, higher speed for
the same fuel consumption, and less noise from the body rubbing against the air.
In the case of road trains, the resistance to forward motion is much greater due to the external
shape of the cab. To improve the aerodynamic coefficient, designers install deflectors,
spoilers, and shields that reduce the turbulence created during operation.
The formula for calculating the aerodynamic coefficient is presented in equation 3.
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The lift coefficient expression is presented in relation 4. Figure 1 presents a sketch
that visually shows how aerodynamic forces act on a road train as it travels on the road.
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Fig. 1. Aerodynamic forces that occur during road travel.

It can be observed that a volume is formed at the rear of the body, which has a
negative effect when driving on the road. The distribution of airflow streamlines in a virtual
environment can be determined by following the steps presented in Figure 2, which shows
the logical diagram of the iterative fluid dynamics calculation process.
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Fig. 2. Conceptual structure of the process

The first step in conducting a flow study for a vehicle body is sketching the model.
The proposed CAD model of the car body is introduced into the CFD simulation module,
where the calculation domain, gas type (in this case, air), air velocity, etc., are defined. The
results obtained from the simulation are analyzed, and if they meet the required
specifications, the final body design is obtained. If the results do not meet the required
criteria, the car body CAD model will be improved and will go through the CFD process
steps until the results meet the required criteria.



I. CAD modeling

Modeling the track cabin
The steps required for modeling this component are presented as follows:

1. Modeling the Body Outline
The outline is sketched from the Feature Manager toolbar by selecting the Right

Plane on which the first sketch will be drawn, defining the cab shape. Select the
=

Trim

Sketch sketeh toolbar, where the Line N , Circle 9 , Trim Entities "™, and

4

Smart

Smart Dimension °™"" commands will be used to create the following sketch
according to the dimensions.
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From the Features, select the Boss-Extrude command. The sketch is extruded to
2500 mm, on both sides of the sketch, by selecting the Mid Plane command.

@D Boss-Extrude1 @
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Sketch Plane -
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1. Creating the housing for the drive wheels
Using the Sketch tools, draw two rectangles with a length of 2500 mm and a
width of 600 mm on the lower surface of the model using the Rectangle

] command. From the Features toolbar, select the Cut-Extrude command. The
resulting sketch will remove the model from within the sketch.

Cut-Extrudel @
v X ®
From ~
Sketch Plane |
Direction 1 -~
UpTo Next |
A

[ Flip side to cut

2. Creating the joint coupling
From the Sketch tools, on the surface of the tractor unit chassis, using the Circle

@ command, a circle with a diameter of 300 mm is drawn, positioned 650 mm
from the front edge and 1000 mm from the rear of the tractor unit. From the Features
toolbar, select the Cut-Extrude command. The resulting sketch will remove the
model inside the circle.

Cut-Extrude2 @
v X ®
From ~
| sketen Plane |
Direction 1 ~
|Up To Next ~|
A

[ Flip side to cut




3. Creating a longitudinal plan positioned in the middle of the cabin

From the Features toolbar @ Panet @
opens the Reference Geometry ‘M’ =
essage -~
Oﬁ Fully defined
: First Reference A
Reference
Seomety  gubmenu, where you select © N
i Pl F'arallel
dane i
the Plane Command' TO Per_pemdlcular
insert a mid-body plane, select the Cdt
outer surfaces of the cab with the |0
mouse. The plane's position is =] via piane
automatically calculated at the S@.“:‘fz“‘ 8
midpoint between the two selected ] pere
. . Perpendicular
surfaces. By left-clicking OK v cu;:mdent
with the mouse, the plan is created. &
0
@Mld Plane

4. Modeling the auxiliary connection equipment located behind the cabin

On the plane created using the Line /
command, the sketch is drawn that defines
the shape of the recess for the connecting
installations. The dimensions of the sketch
are shown in the adjacent image. From the

&

Extruded
Tools tab, select the Boss-Extrude 8o/«

command. The sketch is extruded to 800
mm, on both sides of the sketch, by
selecting the Mid Plane command.

@] Boss-Extrude2 @
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From -~

Sketch Plane w~

Direction 1 -~
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@ 200.00mm

Merge result

4k




5. Edge Rounding
From the Features toolbar, select the Fillet [ Fillett @

\= i
Fillet . . Feature Type ~
command. The indicated edges are .
rounded to a radius of 500 mm.

Items To Fillet L

D

Edge<2>

]
Show selection toolbar
Tangent propagation
(®) Full preview
(:)Partial preview
(:) Mo preview

Fillet Parameters La

| Symmetric ~ |

* (R 0o =
] Multi Radius Fillet

Profile:

| Circular ~

6. Rear Edge Rounding

\=

From the Features toolbar, select the Fillet ™ command. The indicated edges are
rounded to a radius of 100 mm.
@ Eillet? @ ] show selection toalbar Fl“'\g]

Tangent propagation

v X
@ Full preview
Feature Type A () Partial preview
J O Mo preview
Fillet Paramet
Items To Fillet A | symmetric
© < [10000mm

Edge<2>

7. Cabin Edge Rounding

\=

Fillet

From the Features toolbar, select the Fillet command. The indicated edges are

rounded to a radius of 60 mm.
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8. Steering Axis Modeling

From the Sketch tools, on the surface of the
tractor head's midplane, using the Circle

@ command, a circle with a diameter of
200 mm is drawn, positioned 250 mm from
the bottom of the cab and 1400 mm from
the front of the tractor head. From the Tools
tab, select the Boss-Extrude command. The
sketch is extruded to 1200 mm.

@] Boss-Extrude3 @

v X W

From L
| sketch Plane v

Direction 1 L

|Blind v

o |

20 [1200.00mm H

9. Modelarea unei roti

On the front surface of the axis, a circle with a diameter of 1100 mm is drawn
from the Sketch toolbar. From the Features toolbar, seclect the Boss-Extrude
command, and extrude the circle 400 mm toward the inside of the cabin.
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10. Cutting out the shape from the wheel

The cutout in the wheel is made by drawing a new sketch consisting of two
circles with diameters of 700 and 200 mm. Using the Cut-Extrude tool, the model
between the two circles is removed over 80 mm.

Cut-Extrude3 @

v X ®

From ~
| Sketch Plane v

Direction 1 ~

Blind ~|
d |

@ |B{!.-Dﬂm m E|

11. Chamfering the edge on the wheel

Chamfer1 @
From the Tools toolbar, select the Chamfer @ ? %
command. The indicated edge is selected and "

chamfered at 80 mm with a 45° angle.

@Tangentpropagation
(®) Full preview

() Partial preview
() No preview

Chamfer Parameters La
[ Fiip direction
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Distance:

Angle: 45,00000000deg




12. Chamfering the edge of the wheel hub

From the Features toolbar, select the Chamfer @ Chamfer2 @
v X
@ command. The indicated edge is selected and
Items To Chamfer La

chamfered at 80 mm with a 45° angle.

D

]
Tangent propagation
(®) Full preview

O Partial preview

Distance: O Mo preview
Angle:
Chamfer Parameters Eal
| I Flip direction
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13. Rounding the outer edges of the tyre

From the Features toolbar, select the Fillet command. The indicated edges are

@ Fillt @ [] show selection toolbar
v ox Tangent propagation
m i @ Full preview
Fillet Type ~ (O Partial preview
= O Mo preview
G
Fillet Parameters ~
Items To Fillet A~ | S » |
K |5/D.00mm E|

[ Multi Radius Fillet

14. Axis and Wheel Mirroring

From the Features tab, select the Mirror I.‘ED command. From Body to
Mirror, the wheel and axle that are mirrored with respect to the tractor's midplane
chosen at Mirror Face/Plane are selected.

i|ﬂ Mirror5 @
v X

Mirror Face/Plane ~
ﬁ |Plane1 |
Bodies to Mirror Ea
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©
Options -~
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15. Modeling the location for auxiliary and connection installations

From the Sketch tools, draw a rectangle with a length of 2600 mm and a width of
800 mm, and a circle with a diameter of 300 mm. From the Features tab, select the
Boss-Extrude command. The sketch is extruded to 240 mm.

@] Boss-ExtrudeS @
v X @
From ~
| sketch Plane |
Direction 1 ~
|Biing ~|
1 |
2y [240.00mm =

[A Merge resuit
16. Rounding the outer edges of the cabin

From the Features toolbar, select the Fillet command. The indicated edges are
rounded to a radius of 50 mm.

@ Fillet12 @

/| Show selection toolbar
v X _

Tangent propagation
Feature Type ~

@Full preview
OPar‘tiaI preview

O Mo preview
Items To Fillet -~
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Loop<2>
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Edge<2>
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17. Modeling Drive Shafts Using Linear Axis Multiplication

From the Features toolbar, select the

Bl
Linear Pattern " command. The

steering axle multiplies linearly over
2500 mm, choosing a longitudinal
edge of the truck cabin as the
direction.
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EE Linear Pattern @
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18. Multiplication of the second drive axle

From the Features toolbar, sclect the Linear Pattern command. The

second drive axle is multiplied using the axle model obtained in the previous step.
This axle is linearly multiplied at 1200 mm, choosing a longitudinal edge of the
tractor head as the direction.
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19. Modeling the mirror support on the left side of the tractor head

From the  Sketch tools, onthe  surface of  the tractor head, using the

Circle @ command, draw two circles with a diameter of 30
mm, positioned according to the sketch below.

To model the sketch, the Boss-Extrude command is selected from

the Features toolbar. The sketch is extruded to 80 mm.
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Direction 1 Ll

|Blind v|
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E Merge result

20. Mirror modeling

On the front surface of the modeled support, a rectangle with a length of 400
mm and a width of 30 mm is drawn from the Sketch toolbar. From the Features
toolbar, the sketch is modeled with the Boss-Extrude command to 180 mm.

@] Boss-Extrude? )

v X &
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Direction 1 L

|Blind |
o |
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@ Merge result

21. Mirror Rounding
From the Features toolbar, select the Fillet command. The indicated edges are

rounded to a radius of 50 mm.

[ Fillet13 @
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Items To Fillet Ca
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@Full preview
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22. Creating a mirror on the right side of the tractor unit

From the Features tab, select the Mirror command. From Features to Mirror,
you select the extruded support, the mirror, and the mirror rounding that are mirrored
across the midplane of the track cabin chosen in Mirror Face/Plane.

[h|{| Mirror9
v X

Mirror Face/Plane

ﬁ |Plane1

Features to Mirror

@ Fillet13

Boss-Extrudes
Boss-Extrude?

Trailer Modeling
1. Modeling the wagon

From the Sketch tools, a
rectangle is drawn with a length of
13700 mm and a width of 2710 mm.
From the Features tab, select the
Boss-Extrude command. The sketch
is extruded on both sides to 2550
mm.

S - B

oLie
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2. Rounding the edges of the wagon

From the Features toolbar,
select the Fillet command. The
indicated edges are rounded to a
radius of 20 mm.

(@ Fillets @
v X

Feature Type ~

3. Axis Modeling

Show selection toolbar

Tangent propagation
@Full preview
OPartiaI preview

(") Mo preview
- Fillet Parameters Lo
Symmetric w
(& [20.00mm H

On the surface of the side plane, which is positioned longitudinally through the
middle of the wagon from the Sketch toolbar, a circle with a diameter of 200 mm is
drawn. From the Features toolbar, the sketch is extruded using the Boss-Extrude
command to 1200 mm.

@] Boss-Extrude2
vV X ®

From

| Sketch Plane

Direction 1

|Blind
A

i oo L

25y 1200.00mm

4. Wheel Modeling

On the front surface of the wagon axle, draw a circle with a diameter of 1100
mm from the Sketch toolbar. From the Features toolbar, the sketch is extruded
inward into the wagon using the Boss-Extrude command for a distance of 400 mm.
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5. Cutting out the shape from the wheel

From the Sketch tools, a new sketch is drawn consisting of two circles with
diameters of 700 and 200 mm. The model between the two circles is removed over
100 mm using the Cut-Extrude tool.
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Direction 1 Ea

|Blind |
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6. Rounding the outer edges of the wheel

From the Features toolbar, select the Fillet command. The indicated edges are
rounded to a radius of 50 mm.

(@ Fillet1 @

\/ b4 Show selection toolbar
Tangent propagation

Feature Type -~ @Full preview

OPar‘tiaI preview

O Mo preview
Items To Fillet ~ Fillet Parameters ~
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Edge<2>
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7. Chamfering the edge of the wheel hub

From the Features toolbar, select the Chamfer @ command. The indicated
edge is selected and chamfered at 80 mm with a 15° angle.
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8. Rounding the outer edge of the hub

From the Features toolbar, select the Fillet command. The indicated edge is selected
and rounded to 50 mm.

@ Fillet ©)
o 5 [ show selection toolbar
Tangent propagation
Feature Type ~ @ Full preview
/ @ B (D) Partial preview

- () No preview
Items To Fillet . Fillet Parameters -~
© e |
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9. Axle and Wheel Multiplication

From the Features toolbar, select the Linear Pattern command. The wheel axle
is linearly multiplied at 2500 mm, choosing a longitudinal edge of the wagon as the
direction.

by [1700.00mm EH
3
EL Lpatternt ® e | =
Direction 1 v X Direction 2 hd
spacing: [1700mm 2]
{| mstances:|s H Direction 1 [ Features and Faces ~
|Edge<1> | = Bodies ~
@ Spacing and instances a ‘ Fillet3
O Up to reference ]

10. Mirroring the axles and wheels on the right side of the wagon

From the Features tab, select the Mirror command. From Body to Mirror, the
wheels and axles are selected to be mirrored with respect to the midplane of the car
chosen in Mirror Face/Plane.



illﬂ Mirror>
v X

Mirror Face/Plane
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@ Fillet3

LPattern1[1]
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The outline of the stringers will be drawn on the plan introduced from the
Features toolbar. The Reference Geometry submenu is open, where the Plane
command is selected. The plan is located 500 mm away from the flat surface of the
rear part of the wagon.

[

11. Construction plan for the stringers

@l Plane2 @

v X
Message ~
Fully defined

First Reference ~

@ | P
Parallel

Perpendicular

Coincident

o

[500.00mm —

Flip offset

12. Rails modeling

On the created plane, the
sketch shown in the adjacent
image is introduced from the
Sketch toolbar. From
Features, the sketch is
extruded to 13200 mm.

@]) Boss-Extruded @

v X ®

From ES
| sketch Plane |

Direction 1 L

|Blind |

"1
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Merge result
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13. Creating cutouts from stringers

Using only the Sketch tools, two sketches are drawn according to the images
below, located on the face of a stringer. The inner surface of these sketches is
removed over 1360 mm using the Cut-Extrude command in the Features toolbar.

Cut-Extrude2 @
v X &
From ~
| sketch Prane |
Direction 1 ~
|Blind |
"1 |
£5y [1360.00mm H

14. Modeling a Storage Space

On the outer surface of the left-side longitudinal member, draw a rectangle from
the Sketch toolbar, positioned as shown in the figure below.

The sketch is extruded 500 mm using the Boss-Extrude command.

] Boss-Extrude6 @
v X @
From ~
| Sketen Plane |
Direction 1 ~
|Blind v
d | |
$ |SDB.DDmm |

Merge result

15. Rounding the edges of the storage space

From the Features toolbar, select the Fillet command. The indicated edges are
selected and rounded to a radius of 20 mm.
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O Mo preview
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16. Modeling the space containing the auxiliary and connecting elements

On the front surface of the wagon, from the Sketch toolbar, a rectangle 2000 mm
long and 800 mm wide is drawn, positioned in the middle of the wagon, as shown in
the image below. The sketch is extruded from the Features toolbar using the Boss-
Extrude command to 200 mm.

@] Boss-Extrude? ©)

v X @

From ~
| Sketch Plane v

Direction 1 ~

Blind v
d |
0 |200.00mm E”

IMerge result

17. Modeling the wagon's auxiliary equipment

On the outer surface of the right-side longitudinal member, draw two rectangles
from the Sketch toolbar, positioned as shown in the figure below.

The sketch of the tool Features is extruded to 450 mm using the Boss-Extrude
command.
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18. Rounding the edges of the storage space

From the Features toolbar, select the Fillet command. The indicated edges are
selected and rounded to a radius of 20 mm.

19. Modeling the wagon connection joint

(@ Fillet10 BB
v X

Feature Type L
Items To Fillet -~
©

Edge<2=
Edge<3>
Edge<4>
Edge<5>
Edge<6=
Edge<7>
Edge<8>
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Show selection toolbar
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@ Full preview
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() No preview

Fillet Parameters
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EH
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On the underside of the wagon, draw a circle with a diameter of 300 mm from the
Sketch toolbar. From the Features toolbar, the sketch is extruded using the Boss-
Extrude command to 520 mm.

20. Modeling the wagon's illumination panel

@) Boss-Extrude
v X

From

| Sketch Plane

Direction 1

|Biind

"1

& [520.00mm

H

[ Merge result

|

=)

Draft outward

On the surface of the wagon at the rear, a rectangle 2400 mm long and 20 mm wide is
drawn from the Sketch toolbar. This is positioned according to the image below. This
tool is extruded using the Boss-Extrude command over 600 mm.
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Merge result

21. Cutting out the sign panel
On the surface of the Sketch toolbar's signal panel, a sketch is drawn according to the
image below. This sketch cuts out the surface from the sign panel. From Features tab
is cut with the Cut-Extrude command to 600 mm.

Cut-Extrude5 @

v X @

From L
| Sketch Plane |

Direction 1 L

| Up To Next |

>

22. Text inscription on the outer surface of the wagon
A center line is drawn on the outer surface of the wagon from the Sketch toolbar.

From the Sketch Text A command, type the text "Road Vehicles and Transport”
from the keyboard and select the center line. The text will be positioned on this
center line. From Font... you choose the font type and size; in this case the font is:
Century Gothic with a height of 2000 points.

A\ Sketch Text @
v X
Curves R
Text 2
licule Rutiere si Tl
Choose Fent =
Font: Font Style: Height:
Century Gothic Regular O Units 529.166661 Al :;% I
L W
Century Gothic ® points |2000 | | ST | AB [100% A
Mk v
[Tuse document font
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23. Printing text on the wagon surface

Features toolbar, the Curves submenu opens, and the Split Line & spitLine
command is selected. The text sketch and the wagon surface to be printed on are

selected, as shown in the images below.

& split Line
v X

C

Road modelling
1. A new part file is opened.
Road modelling

From the Sketch tools, draw a rectangle
whose origin is in the middle of the width.

@] Boss-Extrudet @

[V

From L
| Sketch Plane v

Direction 1 ~

|Blind v
o |

@ |4ﬂ.00m m E|

Selections

Sketch1é

Face=1>

[ single direction

[
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Assembly modelling

1. A new assembly file is created
2. A new part file is opened.

The road is introduced from the tool palette

G
Component [%

command. The Keep Visible == button is
activated to enter the road model relative to
the assembly's coordinate system.

via the Insert

3. Insert the truck cabin into Assembly

g Insert Component @
v X [

Message L

Select a part or assembly to insert and then place the
companent in the graphics area. Use the push pin to
insert multiple copies of the same or different
components,

Hit OK button to insert a component at the origin.

Part/Assembly to Insert ~

Open documents:

% 5053

You just assemble the tools through the Mate % command, and one of the
wheels is positioned tangent to the road surface, as shown in the image below.

% Tangent1 @ ®
v x5

% Mates Iﬁ Analysis |

Mate Selections Ca
e
&

A

Face<1>@Part4-2
Face<2> @sosea-2

Standard Mates tad

A, Coincident

Farallel

Perpendicular

Tangent

The median plane of the tractor head and that of the road are positioned

coincidentally using the Mate command.

@ Coincident? T
v x5
% Mates |_@ Analysis |

Mate Selections L

I
@
-

Standard Mates Lol

Coincident

Planel@Partd-2@Assem1
Right Plane@sosea-2@Assem1

The front surface of the cabin is positioned 6000 mm from the end surface of the road

model, as shown in the image below.

23



%Dist;mcd @ @
v x 5[]

% Mates | & Analysis |

Mate Selections Ca

@3 | |Face<1>@Part4-2
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| Perpendicular
a\ Tangent
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Lock
[ |61)DD.DDmm E|
The trailer model is introduced into the assembly.

One of the trailer wheels is positioned tangent to the road surface via the Mate
control, as shown in the image below.
) Tangent2 T @
v X5

% Mates \_ﬁ Analysis |

Mate Selections L
<
«

Standard Mates ~

/K Coincident
Q\ Parallel

Face<1=@1-1
Face«2» @s0sea-2

| J_ Perpendicular

By selecting the cylindrical surfaces  Concentrics @ @
iy
indicated in the image below and choosing a vox
Concentric Mate, the trailer is assembled s [ P ]

to the tractor unit. Mate Selections ~
& I|Fal:e<‘|>@‘l—‘\
Face<2> @Part4-2
59

Standard Mates ~

/“ Coincident
Parallel

- Perpendicular
@Tﬂngent

:I Concentric




The upper surface of the trailer is positioned parallel to the road surface by choosing
a Parallel Mate.

& Paralleli
v x 9 [H]
% Mates @' Analysis

Mate Selections

e
&

Standard Mates

Coincident

Parallel m@ ol LS,IZ[ le

Face<1>@1-1
Face<2 @sosea-2

The side surfaces of the tractor and trailer are aligned using a Parallel Mate.

§ Parallel3 @ @
v x5
% Mates @ Analysis

Mate Selections ~

“I
%

Face<1>@1-1
Face<2> @Part4-2

&

Standard Mates ~

Coincident
Farallel

II. Performing the CFD simulation

The SolidWorks Flow Simulation module is activated from the SolidWorks Add-
Ins toolbar.

LA

P il=i % ¥ ET
MWORKS SOLIDWORKS | SOLIDWORKS | SOLIDWORKS TolAnalyst | SOLIDWORKS | ¢

stion Routing Simulation Toolbox Flow
Simulation

| SOLIDWORKS Add-Ins | Simulation | SOLIDWORKS MBD | Flow Simulation |

From the Tool menu, a new project is created and named, as shown in the image
below.
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[ Mew Project | Tools | Simulation Window Help | a0 FH-B-8-5 ' ('] & -
v X | SOLIDWORKS Applications 3 F, mD
B Kpress Products 3 |
Project Name Flow Simulation 4 Project YO New.
@ SOLIDWORKS CAM ’ W Wizard..
Insert 3

The general simulation settings are chosen by right-clicking on Input Data, General

Settings...
E5 CFD_SCP_1

Eﬁ- Input Data

General Settings...

The analysis type is selected — External

General Settings

Analygiz bope
() Internal
(®) External

Conzider closed cavities

[ Exclude cavities without fow conditions

Analysiz tupe

[]Exclude internal space

The fluid for the simulation is chosen, which is air.

-l Gases
= Pre-Defined
Acetone Pre-Defined
Ammonia Pre-Defined Fluids
Argon Pre-Defined
Butane Pre-Defined
Carbon dioxide Pre-Defined
Chlorine Pre-Defined
Ethane Pre-Defined
Ethanol Pre-Defined ] Add
Project Fluids Default Fluid Remove
Air { Gases )

An air velocity of 25 m/s in the direction opposite to the forward motion is required.

=] Thermodynamic Parameters
Parameters

Pressure
Temperature

= Velocity Parameters
Parameter
Defined by
‘elocity in X direction
‘elocity in ¥ direction
‘elocity in £ direction

Value

User Defined ~

Pressure, temperature o
101325 Pa
2832 K

Velocity ¥ Initial and ambient
3D Vector w conditions
0m's

0m's
-Z25m's

By right-clicking, Edit Definition... defines the calculation domain, as shown in the

images below.
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& CFD_SCP_1

A,

; @ Computational Domain @
B@ Input Data Wy
P a Computational Domain = X

[® Fluid Subdomains Edit Definition... | Type .

[ axial Periodicity v
Size and Conditions L
H, [45m EE ]
&, |-4.5m |: | v|
B, 55 EE ]
@v |Dm |: | v|
&, |4E|m |: | v|
@z |Dm |: | v|

Inserting objectives is done by right-clicking on Goals and opening Insert
Global Goals...

Goals I E| B Goals I
B Dr Insert Global Goals... LR o Insert Global Goals... |
B Global Goals @ # Global Goals @
v X v X
Parameters &> Parameters A~
Force O ~ Force 0 S
Force () D Faorce [¥] D
o
Friction Force D Eoze [Z]F S
riction Force
% | Global Coordinate Systam "
"E_”‘ i | é—rx Glabal Coardinate System |
Name Template ~
Name Template Ll
|Drag Force |

| Lift Force |

The determination of the drag coefficient and the lift coefficient is done by selecting
Insert Equation Goal... The expression of these coefficients is entered manually

from the keyboard, based on the formulas and values of the coefficients presented in
the first part.

E-#  Goals
Insert Global Goals...

Insert Point Geals...
Insert Surface Goals...
Insert Volume Goals...

Insert Equation Goal...
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Expression

Expression
iDrag Force}*2/(1.225%25A2*9 463500)

(2*{Lift Force})/({1.225%2542)%9.463500)

8 | + [ sin Exp T ¥ < * [ o e*p B

4 5 E - 1 cos In g 4 5 3 - ] cos In g
1 2 3 . “ltan| | m R U z 3 . S | g R
il E ? y abs - 0 E . / + abs o
sz for corwergence control Use for convergence contral
{Drag Force}*2/(1.225*25/2*9.463500) (2*{Lift Force})/((1.225*2572)*41.111)
The size of the discretized elements is %G:“'“E"‘ e @

chosen according to the images below.

Type S
Automatic
Ela Me=h | ] Manual
- @ Global Mesh

Settings 2

@a Results Insert Local Mesh... B 1 S !
- iff Me " Show Basic Mesh e =
L o ol i =
L 5

 E— I

Umform Mesh

DAdvan(ed channel refinement

Show basic mesh

By right-clicking on the created project, you select "Run...", and then in the dialog
box that opens, you run the simulation by clicking the "Run'" button.

Run ? X
Startup
Fun
Mesh [ Take previous results
Solve Close
(@) Mew calculation Help

Continue calculation

Cores and memory usage

[E2° Projects Run at: This computer ~
£ [F® Default Use [ssal] | Corels)
Load results Batch Results...

Run... Results processing after finishing the calculation
Mew Parametric Study...

Visualization of simulation-related information can be activated from the Insert
menu by checking the Information and Goal Table options.

iz Solver: CFD_SCP_1 [Default] (Assem1.5LDASM)
File Calculation View  Insert Window Help
| ks | Log Ctrl+L

~  |nformation Ctrl+|
|o ~  (Goal Table Ctrl+T




Results

j | @ Solver: CFD_SCP_1 [Default] (Assem1.5LDASM) — O x
File Calculation View Insert Window Help
- G ERIED
— 1
(i JO0S =N P& List of Goals
Parameter Value Name Current Value Progress Criterion Averaged Value
Status Solver s finished. Drag coef -0.816426 [Echisvea(T=59] 0.0395219 -0.815782
Total cells 16,823 Drag Force  -2957.7N [ AGRievea (T =590 ] 143178 N -2955.37N
Fluid cells 16,823 Lift coef 0325085 N [ ACHievea (M=) 0.00554369 0.324408 N
Fluid cells contacting solids 2,442 LftForce TI777N [ Achieved (T=78) | 200834N  1175.25N
Iterations 73
Last iteration finished 02:33:59
CPU time per last iteration 00:00:01
Travels 141067
Iterations per 1 travel 52
Cpu time 0:0:56
Calculation time |eft 0:0:0
Run at DESKTOP-PRGFOGT
Number of cores 4
rm List of Goals Info
Ready lterations: 73

£Z: Flow Trajectories 3 @
L )
Starting Points ~

in plane
bt (140388157 m B2 26,951
‘ 0 247048
- £00 E 22.454
T = 0213
17.967
Appearance 18,722
13,476
T am 11.230
. = ‘lineswltl\mmws B934
N ‘DZm F.730
- X 44872
& |Ve|n(|ly 3246
dg? 0907 =1
! 3|E Yelocity [m/fs]
£5 Flow Trajectories 4 @
v X H
Starting Points ~
([ [Parta-z@Assemt
1-1@Assem1
Front Plane @Part4-2@Assem1
Face<1> @Part4-2
Face<2> @Part4-2
Face<3> @Part4-2
e 101500.00

e = 101433.06
—nam E 10136612

101209.18
Appearance - 101232.24
101165.30

S [nes 101098.37
X3 10103143
& [Pressure 100964.49
100897 55

& |0.95 |
L | Pressure [Pa]




B& Cut Plots

® =

Edit Definition... I

27.087
25,162
23.226
21.291
19.354
17.420
15.484
13.5449
11.613
9.678
7.742
5.807
3.871
1.936
]

Welocity [mis]

II1.Self- evaluation test

Mount an air deflector on the cabin roof and restart the simulation. What are the
aerodynamic improvements made to the road train?

Simulate the aerodynamic characteristics of the tractor head.

Model and simulate a road train according to the examples below and comparatively
analyze their dynamic performance.

Introduce the following aerodynamic performance enhancement devices into the semi-
trailer construction and analyze their effect.
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Cd

Cl

Obs.

Vl1-base

V2-improved
Air deflector
mounted on cab

V2-improved
Air deflector
mounted on rear
side of the trailer
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