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Abstract

Temperature is the environmental factor that affect the human comfort level, passenger
thermal comfort is mainly influenced by inside cabin of the vehicle temperature. In hot
weather, when the vehicle parks in direct sunlight conditions, the cabin will form a
high-temperature thermal environment and pose a serious threat for children and pets
left in the car. The solutions proposed in the literature to reduce the temperature of the
cabin during parking are depending on active systems, in other words taking advantage
of the vehicle battery which may consume the battery power for long parking periods.
Also, these solutions may use solar energy as an electrical source, but the safety is not
granted because, these systems need vehicle window opening. A system working by a
natural ventilation that passively reduce the temperature inside the vehicle when it is
parked was made, the system reduced more than 20 C°. The passive ventilation system
consists of decorated safe holes above and under the cabin of vehicle in order to make
an air circulation between the outside and the inside of the vehicle due to the
temperature gradient between inside the cabin and the temperature under the vehicle
(shadow). Computational Fluid Flow (CFD) simulation is carried out by using ANSYS
software in order to have the optimal design of the proposed system and the accurate

results.
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1.1 Introduction

As the summer approaches, the problem of rising temperatures in the vehicles
appeared when exposed directly to the sunlight for a long time, with no ventilation and
air conditioning takes place so that vehicles sometimes turn out to a real sauna rooms
in a short time, and increase the temperature to high number. Many vehicles owner seek
to park their vehicles under trees or covered areas. Even turning on the air conditioner
in the first few minutes does not reduce the temperature efficiently and quickly as

shown in fig 1.1 below.

Figure 1.1 Rising Temperatures in the Vehicle.

The amount of Oxygen (O.) that existed inside a closed vehicles is less than the

Oxygen outside , when the vehicle locked which means we close the doors and the



windows, this for sure will prevents the fresh air to enter the cabin of the vehicle and
this will increase the concentration of Carbon dioxide (CO2) and reduce the amount
of Oxygen (O2).[1].

In a study measure the temperature inside cabin of vehicle, the vehicle was parked
under the direct sunlight without any protection or roof for 3 hours. At 14:00 the cabin
temperature reached 49.5 °C, with the difference of 13.0 °C compared to the outside /
outdoor temperature (36.5 °C). [1]

In the last time, there have been many cases of children death inside the vehicles in
case of forgotten them alone by mistake, and this leads to suffocation, or exposure to
heat stroke, due to the high temperature inside the cabin of the vehicle, the sunlight
bound to transform the car into a sauna room in a few minutes as shown in figl.2.
Therefore, it was necessary to find a solution to solve the suffocation problems of
children in the car.

Figure 1.2: Suffocation chilled in vehicle



Leaving the windows, open slightly does not prevent the temperature from rising to a

dangerous level as show in in fig 1.3.

U.S. Child Vehicular Heatstroke Deaths

50 | 49

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 1.3: Child Vehicular Heatstroke Death

1.2 Problem Definition

The high increasing of temperature inside the cabin of the vehicle when its parked
especially at the summer time that makes many problems and sides effect for driver
also, increase the carbon dioxide and makes bad effects for the driver and passengers,
therefore there must be an effective way to reduce and overcome this undesirable

phenomenon.



1.2 Project Objectives

e Reducing the amount of high temperature inside the vehicles when it’s parked
under sunlight for long period so that the driver be able to drive the car
comfortably.

e To save the life of children in case of leaving them inside vehicles and
protecting them from the danger of getting suffocated.

e To reduces the amount of Carbon dioxide inside the car.

The main objective of this project is to overcome this phenomenon by creating and
designing a passive natural ventilation system in vehicles to reduce the temperature
inside the cabin by exploitation the temperature gradient inside cabin and the shadow's
temperature in order to make a natural circulation for air when vehicle parked as shown
in fig 1.4.
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Figure 1.4: Vehicle's Shadow



1.3 Previous Studies

Palestine Polytechnic University project named Design and implementation a
security system to protect children in the car from suffocation by ventilation system
and utilize on solar energy. The project design a safety system to protect children
from being suffocated inside vehicles through new ventilation system works on solar
power, the system also serves to cool the vehicle while it is parked under sunlight

before driving.

Palestine polytechnic university a project named smart automobile air conditioning
and ventilation system that when the temperature inside the vehicle increased at
certain level and when children forgetting in car the windows completely and
automatically open by sensors to reduce the temperature inside the cabin and to save
the life of the children [2].

Another attempt was also made to solve this problem by designing a device placed
on windows of the vehicle called (Kuacar) this device running on solar energy, consist
fan that expelled the air from inside to the outside to reduce the degree of temperature
as shown in the fig 1.5.

Figure 1.5: Kulcar Device



Simulation and Analysis on Heat Transfer and Pre-cooling Characteristics of New
Solar Power Vehicle Parking Ventilation System. It designed to reduce the
temperature of the cab when the vehicle is parked by solar panel mounted on the roof

of the vehicle to discharge heat inside the cabin[3]

Pushing-Pulling Based Vehicle Parking Ventilation Cooling.

In this system, temperature drops owing to fresh air pushed in by blower, while lower
space temperature is mainly affected by the upper space air mixed with new fresh air,

the system works on solar energy [4].

All these suggested solutions above were created to reduce the amount of high heat
inside the cabin of the vehicles when its parked, but all of them were depending on solar
energy and electrical sources, and this kind of methods have many disadvantage such
as the energy will be eliminated by time and needs maintenance, it is easy to be stolen
by anyone, but our project completely natural which not depend on any kind of

electrical or energy sources.



1.4 Task Table

Table 1.1 :Task table

Task ID | Task Description
T1 Project selection
T2 Collection information for project
T3 Literature review
T4 Chapter one
T5 Simulation solid works
T6 Learning ANSYS software
T7 Do some variations if required
T8 Simulation solid works
T9 Simulation on ANSY'S
T10 Test the result
T11 Writing the text
T12 Make a final adjustments on the text

1.5 Time Tables

Table 2.2 :Time table

1t semester

Task/Week |1 |2 (3 |4 |5 |6 |7 (8|9 10|11 |12

Project selection

13

14

15

16

Collection information

Literature review

Chapter one

Simulation on solid works

Learning ANSYS software




Second semester

Task/Week

Do some variations if required

7

8

9

10

11

12

13

14

15

16

Simulation solid works

Simulation on ANSYS

Test the result

Writing the text

Make a final adjustments
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2.1 Introduction

A Natural Ventilation study can be used to optimize the thermal comfort and ensure
adequate air quality is achieved within a building or room. Furthermore, adequately
designed natural ventilation for a building enables the reduction in reliance on HVAC
systems, hence reducing the buildings energy consumption. Different configurations of
openings in a building are investigated to maximize wind draught and at the same time

ensure a comfortable thermal environment as shown in figure2.1 below.

Figure 2.1: Natural Ventilation in Building
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2.2 Why Natural Ventilation in Building.

Change the used air witch saturated with carbon dioxide, with fresh external air
coming from outside and minimum ventilation for this purpose we need each room or
space busy to expel the exhaust air and carbon dioxide resulting from the breathing

process and supply us with oxygen show in fig 2.2.[5]

The removal of smoke occupied buildings require a high rate of ventilation to expel
smells and smoke. Ventilation is also necessary to flush out combustion products from
cooking in kitchens and to remove the wet vapors from cooking to prevent their
deposition and condensation inside buildings. Cigarette smoking also increases the
urgent need for Ventilation. These ventilation requirements are called hygienic
ventilation[5]

is Exhausted

J e . '\ Warm, Polluted

Fresh, Cool If»v- 1)
Air Intake ‘iu
f‘_‘g&—o’ XN

x - —
N~ e

/Figure 2.2: Removal of Smoke Occupied

Supplying clean healthy air and cooling the buildings from the inside with load
currents. This comes when there is a difference in temperature between the inside and

then inside.

This difference in temperature depends on how the temperature changes during the day

(the heat obtained from the outside and the heat generated at home or the combination

12
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of all these factors and this type of ventilation is called structural cooling or

structural[5].

2.3 Heat Transfer

Heat is defined in physics as the transfer of thermal energy across a well-defined
boundary around a thermodynamic system; the thermodynamic free energy is the
amount of work that a thermodynamic system can perform. Enthalpy is a
thermodynamic potential, designated by the letter "H" that is the sum of the internal
energy of the system (U) plus the product of pressure (P) and volume (V). Joule is a

unit to quantify energy, work, or the amount of heat .

Heat transfer is a process function (or path function), as opposed to functions of state,
the amount of heat transferred in a thermodynamic process that changes the state of a
system depends on how that process occurs, not only the net difference between the

initial and final states of the process [6].

13



Heat Transfer Mechanisms 2.4

Heat transfer mechanisms can be grouped into three broad categories

Conduction, Conviction and Radiation as shown in fig2.3.

solar .2

longwave
shortwave radiation
radiation diffuse i > exchange
convective < L, with sky
Reflection, direct exchange d

with

transmission,
absorption at
wind screen = p

a

Tair:
Vair *
solar

ground
reflection

Figure 2.3: Heat Transfer Mechanisms

Convection

Convective heat transfer, often referred to simply as convection, is the transfer of heat
from one place to another by the movement of fluids and the ambient load is the
contribution of the thermal load transferred to the cabin air due to temperature
difference between the ambient and cabin air. In the project type of convection,
Convection free is a result of exchange between the air inside the car and the outside
air [6].

Radiation

Radiation heat transfer is an energy transport due to emission of electromagnetic
waves or photons from a surface or volume. The radiation does not require a heat
transfer medium, and can occur in a vacuum, in our project the heat is transfer from the
sun to the car through the front and back windows [6] .

14



2.5 Measurements

After measuring the temperature in a indifferent positions for vehicle parked five
hours in Wad Al Hareya area, the temperature in front position was 65° C as showing
in fig 2.4 , measured temperature in upper position was 56.4° C as shown in fig 2.5 ,
the measured temperature in the back of the vehicle was 53° C shown in fig 2.6,
measured temperature under the vehicle which is the temperature of the shadow was
23.8% C as shown in fig 2.7.

Figure 2.4: Measured Temperature in Vehicle Front position
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Figure 2.5: Measured Temperature in Vehicle Above position

Figure 2.6: Measured Temperature in Vehicle Back position

16



2 : :

) |
IFigure 2.7: Measured Temperature Under Vehicle
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3.1 Introduction

Natural convection is a mechanism, or type of heat transport, in which the fluid
motion is not generated by any external source (like a pump, fan, suction device, etc.)
but only by density differences in the fluid occurring due to temperature gradients. In
natural convection, fluid surrounding a heat source receives heat and by thermal
expansion becomes less dense and rises. The surrounding, cooler fluid then moves to
replace it. This cooler fluid is then heated and the process continues, forming a
convection current; this process transfers heat energy from the bottom of the

convection cell to top.

ANSYS is a general purpose software, used to simulate interactions of all
disciplines of physics, structural, vibration, fluid dynamics, heat transfer and

electromagnetic for engineers.

So ANSYS, which enables to simulate tests or working conditions, enables to test in
virtual environment before manufacturing prototypes of products. Furthermore,
determining and improving weak points, computing life and foreseeing probable

problems are possible by 3D simulations in virtual environment.[7] .

ANSYS software with its modular structure gives an opportunity for taking only
needed features. ANSYS can work integrated with other used engineering software

on desktop by adding CAD and FEA connection modules.

ANSYS can import CAD data and also enables to build a geometry with its
"preprocessing” abilities. Similarly, in the same preprocessor, finite element model
(a.k.a. mesh) which is required for computation is generated. After defining
loadings and carrying out analyses, results can be viewed as numerical and

graphical [7].
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ANSYS Workbench is a platform, which integrate simulation technologies and
parametric CAD systems with unique automation and performance. The power of
ANSYS Workbench comes from ANSYS solver algorithms with years of
experience. Furthermore, the object of ANSYS Workbench is verification and

improving of the product in virtual environment as shown in fig 3.

ANSYS Workbench, which is written for high-level compatibility with especially
PC, is more than an interface and anybody who has an ANSYS license can work
with ANSYS Workbench. As same as ANSYS interface, capacities of ANSYS
Workbench are limited due to possessed license.

Depth

Autodyn & LS Dvng__

4

Professional

DesignSpace|

: CEM& |
Rigidfflexible |  Advanced | i /
. W Meshing / /
/'

- —

Breadth

Figure 3.1: Disciplines of ANSYS
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3.2 Natural convection under ANSYS depends on many numbers,
equations and Algorithms such as

3.2.1Types of Numbers used

3.2.1.1 Reynolds number:

The Reynolds number is the ratio of inertial forces to viscous forces within a
fluid which is subjected to relative internal movement due to different fluid velocities,

in which is known as a boundary layer in the case of a bounding surface such as the

interior of a pipe[8].

The Reynolds number (Re)is defined as:
Re= AL (3.2)
U

Where p the density of the fluid is, U is the velocity of the fluid (m/s), L is

a characteristic linear dimension (m), and g is the dynamic viscosity of the fluid.

And may be interpreted as a measure of the relative importance of advection
(inertia) to diffusion (viscous) momentum fluxes. If the momentum fluxes are in the
same direction then the Reynolds number reveals the boundary layer characteristics of
the flow. If the fluxes are defined such that the diffusion is in the cross stream
direction, then as shown in Fig. 3.2 Re conveys the flow regime (i.e. laminar,

transitional, or turbulent)[8].

Turbulent flow region

Transition region

Re > 5x10° l

Laminar flow region

0 .
n Viscous sublayer

OO0
a6
09
2
D‘_'.‘Il

Flow —» Re < 5x10°

Figure 3.2 laminar, transitional, or turbulent

An example showing the flow field for different values of Reynolds number is
depicted in Fig. 3.3.
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Re=10 Re=100 Re= 1000 Re = 4000

) |

2

Figure 3.3 flow field for different values of Reynolds number

The Grashof number is a dimensionless number, named after Franz Grashof. ,is
defined as the ratio of the buoyant to viscous force acting on a fluid in the velocity
boundary layer. Its role in natural convection is much the same as that of the Reynolds

number in forced convection. [9].

Natural convection is used if this motion and mixing is caused by density variations
resulting from temperature differences within the fluid. Usually the density decreases
due to an increase in temperature and causes the fluid to rise. The buoyant force
causes this motion. The major force that resists the motion is the viscous force. The

Grashof number is a way to quantify the opposing forces. [9].
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The Grashof number is defined as:

buoyant forces GB(Twar -Tu)l™ oo (3.2)
Gf= =
viscous forces v

2

thermal
expansion

temperature
difference

Gr

kinematic
Viscosity

where:

g = gravitational acceleration, m/s2

B = coefficient of volume expansion, 1/K (B= 1/T for ideal gases)
Ts = temperature of the surface, "C

To = temperature of the fluid sufficiently far from the surface, °C
Lc = characteristic length of the geometry, m

v= kinematic viscosity of the fluid, m2 /s.

Nusselt number it is a dimensionless number, and it is the ratio

of convection to fluid conduction heat transfer across (normal to) the boundary ,The

convection and conduction heat flows are parallel to each other and to the surface
normal of the boundary surface, and are all perpendicular to the mean fluid flow in the
simple case. [9].
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where h is the convective heat transfer coefficient of the flow, L is the characteristic

length, k is the thermal conductivity of the fluid.

2.2 Types of Equations used 3

3.2.2.1 Conservation of mass (continuity equation):

The principle of conservation of mass indicates that in the absence of mass

sources and sinks, a region will conserve its mass on a local level[8].

Derivation of continuity equation:

|,le+M . 15:1 dxdy
dz 2
Py +% —dy | dxdz T
) —
/ : dlpu) 1. o .
f H +———=  —dx| dvd:z
| pu CD) lm]eﬁ-& S s I L. _..|p” ohx 2 T,.' Y
2 IX.Y.z}g\
'y ..'“-+.__i
H \‘| W—M 15_1 |§A§_-
F I a\ 2 K
y . .
‘\l_. X | pw-— a(ﬁ“).%&}&g}.

Figure 3.4 fluid element

The Change in the mass of the system equals the change in the control volume

plus the mass in and mass out:

For a steady flow:

opu N opv N opW

0=
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For incompressible flow:

ou ov ow
O=—+—+—

For two dimension flow:

v ow

O=—+—
oy o (3.6)

3.2.2.2 Conservation of linear momentum:

The principle of conservation of mass indicates that in the absence of any

external force acting on a body .the body retains its total momentum.
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Figure 3.5 Infinitesimally small, moving fluid element.

Only the forces in the x direction are shown

The equation in the x-direction:

éo, Or, Or, ou du _au au
+ + +p0,=p| —+U—+V—+W—
oX o0y 0oz ot ox oy oz

(3.7)
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The equation in the y-direction:

oo, or, Or, o oV oV OV
Ly —+—2 +pg, =p| —+U—+V—+W—
oy oOx o1 o ox oy 0z

(3.8)

The equation in the z-direction:

o, or, 01, OW OW OW oW
+ + +p9,=p| —+U—+V—+W—
oz  oX oy ot OX oy oz

(3.9)

And these three equations are the Navire — stocks equations.

3.2.2.3 Conservation of energy:

First law of thermodynamics: rate of change of energy of a fluid particle is

equal to the rate of heat addition plus the rate of work done.
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Figure 3.6 Energy fluxes associated with an infinitesimally small, moving fluid
element. For simplicity, only the fluxes in the x direction are shown
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The final form of the energy equation is:

2 olu
pDRt[Hv_]:pqx+ﬁ(kﬂj+g(kﬁj+g(k@]+a(urxx)+ (vr)

2 ox\_ ox) oy\ oy) oz\ oz OX oy

8(ur2x)+a(VTyy)+a(VTXY)Jra(wzx)+a(WTzz)+6(WTVZ)+8(WTXZ)+,01?.\7

(674 oy oy 01 01 oy OX
(3.10)

ANSYS fluent provides four segregated types of algorithms: SIMPLE, SIMPLEC,
PISO, and (for time-dependent flows using the Non-Iterative Time
Advancement option (NITA)) Fractional Step (FSM). These schemes are referred to
as the pressure-based segregated algorithm. Steady-state calculations will generally

use SIMPLE or SIMPLEC, while PISO is recommended for transient calculations.

In ANSYSS fluent, both the standard SIMPLE algorithm and the SIMPLEC
algorithm are available. SIMPLE is the default, but many problems will benefit from
using SIMPLEC, particularly because of the increased under-relaxation that can be
applied, as described below.[10]

For relatively uncomplicated problems (laminar flows with no additional models
activated) in which convergence is limited by the pressure-velocity coupling, you can
often obtain a converged solution more quickly using SIMPLEC. With SIMPLEC, the
pressure-correction under-relaxation factor is generally set to 1.0, which aids in
convergence speed-up. In some problems, however, increasing the pressure-correction
under-relaxation to 1.0 can lead to instability due to high mesh skewness. For such

cases, you will need to use one or more skewness correction schemes, use a slightly
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more conservative under-relaxation value (up to 0.7), or use the SIMPLE algorithm.

For complicated flows involving turbulence and/or additional physical models,
SIMPLEC will improve convergence only if it is being limited by the pressure-
velocity coupling. Often it will be one of the additional modeling parameters that
limits convergence; in this case, SIMPLE and SIMPLEC will give similar

convergence rates.[10]

The algorithm may be summarized as follows:

The basic steps in the solution update are as follows:

1. Set the boundary conditions.

2. Compute the gradients of velocity and pressure.

3. Solve the discretized momentum equation to compute the intermediate velocity
field.

4. Compute the uncorrected mass fluxes at faces.

5. Solve the pressure correction equation to produce cell values of the pressure

correction.

The flow of any fluid has some classifications such as; velocity pattern,
Change of Density, Statistically Steady Flow or Unsteady and Inviscid and Viscous

Flow
3.3.1. Velocity pattern: Turbulent, laminar flow.

To understand and compare between turbulent and laminar let us assume a
free-stream flow along the x-axis with uniform velocity U. If we follow the traces
made by several particles in the fluid we would expect to see parallel lines these lines
are parallel and follow in the direction of the average velocity, and the motion of the
fluid seems to be “well organized”, then this flow is called laminar [11].

Then the velocity vector will be:
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q=wv,w) (4.12)

Then for this steady state flow the velocity vector will be:

7= (U,0,0) (4.13)

Where U is the velocity into the x direction, and g for the velocity vector.

Assuming in the second case have the same average speed (U,,)in the flow,
but in addition to this average speed the fluid particles will momentarily move into the
other directions. The fluid is then called turbulent. Assuming the average velocity for
laminar and turbulence flow is the same. Also, in this two-dimensional case the flow
is time dependent everywhere and average velocities into y and z directions are zero,
the velocity vector then becomes:

q=(Ug +u,v,w). (4.14)
Where V,, = W, =0 (4.15)

Where u, v, w are the perturbation into the x, y, and z directions.

Laminar flow

L
L J
v

L4
Y

v

.
L

v

Turbulent flow
B \D — > — Df #i)
— 0. e DY

T J — _D -

Figure 3.7 Schematic descriptions of laminar and turbulent flows with the same
average velocity.
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3.4 Visualization of fluid flow:

The quantitative and qualitative information of fluid flow can be obtained
through sketches, photographs, graphical representation and mathematical analysis.
However, the visual representation of flow fields is very important in modeling the
flow phenomena. There is three sets of curves describes the fluid motion such as;

Pathline, streakline, and streamline[11].
3.4.1 Pathlines:

Pathline or a particle path is a curve describing the trajectory of a fluid
element .Pathlines are obtained in the Lagrangian approach by an integration of the
equations of dynamics for each fluid particle. And can be produced in the laboratory

by marking the fluid particle and taking time exposure photograph of its motion[11].

3.4.2. Streakline:

In many cases of experimental flow visualization, particles are introduced
into the flow at a fixed point in space. The line connecting all of these particles is
called a streak line. Here, the attention is focused to a fixed point in space (i.e.
Eulerian approach) and identifying all fluid particles passing through that point. These
lines are laboratory tool rather than analytical tool. They are obtained by taking
instantaneous photographs of selected particles that have passed through a given
location in the flow field [11].

3.4. 3 Streamline:

These are the lines drawn in the flow field so that at a given instant, they are
tangent to the direction of flow at every point in the flow field. Mathematically, these
lines are obtained analytically by integrating the equations defining lines tangent to
the velocity field. In a two-dimensional flow field as shown in the figure 3.8, the slope
of the streamline is equal to the tangent of the angle that velocity vector makes with x-

axis as shown in the figure below:
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Figure 3.8

Where q the tangent velocity vector, | the streamline

When q is tangent to the streamline dl therefore:

qdi=0 (4.16)
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4.1 Project Design

A drown model on solid works was taking from GrabCAD site, for Skoda Octavia
2012 , the model imported to solid works in order to make adjustments including cutting
the front and back parts, to have only the cabin of the vehicle to make it easier for
calculation on ANSY'S software to fit the requirements of the designed system ,four
cases were created on solid works software ,each case has a different dimension design
,the holes crated randomly , after making adjustments on solid works , the next step was
importing the model on ANSYS, software, after done form calculation on ANSYS
software, it gives the right and the appropriate design purpose to make the heat
exchange due to high ambient temperature between inside and under the vehicle.

Figure 4. 3 Random Holes on Surface of the Vehicle
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Modell

In model 1, the design of the system in the cabin of the vehicle consist of two holes
in the celling ,one in the middle of the ceiling and the other in the back of the celling
,another two holes in floor one in the front of the vehicle and the other in the back, the

diameter of each hole is 5¢cm, the dimension of the design shown in the fig below:
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Isomertic view
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Figure 4. 2 Dimensions for model 1

Model 2

In model 2 , the design of the system in the cabin of the vehicle consist of two holes
in the middle of the celling parallel to each other, and another two holes in floor in
the back of the vehicle also parallel to each other ,the diameter of each hole is 5cm,

the dimension of the design shown in the fig below: .
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0.32m
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Figure 4. 3 Dimensions for model 2



Model 3

In model 3, the design of the system in the cabin of the vehicle very similar to
case2,it consist of two holes in the ceiling parallel to each other, and another two
holes in floor in the back of the vehicle also parallel to each other, the diameter of

each hole is 7cm , the dimension of the design shown in the fig below:
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} o.Tm 15() JL .
i
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Figure 4. 3 Dimensions for model 3

Model 4
In model 4, the design of the system in the cabin of the vehicle was quite different
than the other models above , a drown shape in the in the middle of the ceiling and

the other one in the back of the floor, the dimension of the design shown in the fig
below.
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Figure 4. 5 Dimensions for model 4
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4.3 Processes

In ANSY'S software 4 steps must be done in older to get the results which is
meshing part, boundary condition, setup and finally the result part, each step will be

explained.

e Meshing

One of the most important parts on which the solution of the flow equations depends
on, is the selection of an appropriate mesh. The mesh represents how a computational
domain it is discretized into a finite number of control volumes.
Obviously, the accuracy of the solution improves with the increase in the number of
control volumes, a fine enough mesh is required to ensure that the solution is accurate,
for this kind of studies, using a small enough mesh size will give good results. The
model moved to the mesh part, and a subtle mesh was created, a fine mesh was chosen
to a relevance center as shown in Fig 4.6, also a high smooth was chosen to the model
as shown in Fig4.7, the number of max size was made small 8e-003 as shown in Figure

4.8 After that, mesh well be done and ready as shown in Figure 4.9.

Details of "Mesh” o
Export Format Standard ~
Element Order Linear

-|| Sizing
Size Function Curvature

Fine -
Coarse

Medi
Mesh Defeaturing Ium

Defeature Size | Default (2.634e-004 m)

— “ -

Relevance Center

Max Face Size

Figure 4.6 Fine mesh
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Quality
Check Mesh Qu-:...| Yes, Errors

Target Skewn | Default (0.900000)

Medium -

Low
Medium

Mesh Metric

Inflation
+ | Assembly Meshing
Advanced
[+] Statistics
. Details of "Mesh™ Section Planes
Figure 4.7 Smoothing
Details of "Mesh"” o
=] | Drisplay ~
Display Style Body Color
Defaults
[=]| Sizimg
Size Function Curvature
Relevance Center Fine
B rMax Face Size 8.e-003 m
Mesh Defeaturing Yes
Defeature Size Default (4.e-005 m)
Transition Slow
Growth Rate Default (1.20)
Span Angle Center Fine

Min Size Default (&.e-005 m)

Figure 4.8 Max Face Size
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Figure 4.9 The Cabin After Meshing

e Boundary condition

It is crucial in CFD simulations that proper and accurate boundary conditions are
specified. Boundary conditions indicate how the user interprets the specific physical
phenomena into a CFD code. Thus, detailed information about boundary conditions is
important in properly prediction of CFD results. If physical phenomenon is not properly
incorporated through the boundary conditions, then the corresponding analysis can give
false result and its interpretation can be inaccurate. The named boundary condition
shown in figure 4.10, were chosen to specify the boundary condition of the vehicle, the

boundary were named as follow:

e The two holes above the vehicle were named outletl, outlet2.
e The two holes under the vehicle were named inletl, inlett2.

e The wall of the vehicle were named domain.
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Figure 4.10 The named boundary conation

Setup

Fluid dynamics setup is an important part of CFD analysis because deal with the
actual flow equations that are solved numerically. In addition to the correct settings
in the software , and using the right numerical procedure gives results that are more
accurate. In setup firstly, k —& was chosen, as shown in figure 4.11, due to its good
convergence rate and relatively low memory requirements, the energy equation was
putting on for the boundary condition ,the temperature of inletl and inlet2 was set
20 Ce, for outlet 2 and outletl, the temperature set 39 C° and the temperature of
domain set as 60 C°, for the fluid martial the air was set as a fluid, and for solid

martial the aluminum was chosen as shown in Figure 4.12 .
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Figure 4.12 Aluminum was chosen
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After all these steps, the model will be ready to initialization and calculation, the
result will appear on the result section.

4.4 Results

In result section ,the four cases will be discuss and compare to each other, the result
will be focusing on the temperature, three planes were created inside the model in order
to see the loss of heat inside the cabin, the location of the planes were created in
different location, also a streamlines plane was created to see the behave of the
streamlines in the cabin ,and finally a velocity vector plane was created,

Casel

In casel , the design of the system for the cabin was explained in the modell, the
plane in the results show that, the temperature inside the cabin is around 41 C° as Shown
in Figure 4.13, that means, the temperature decrees from 60 C° to around 41 C°, the
Figure 4.14 below shows the behave of streamlines, it shows how the streamlines came

from under the vehicle and then spread inside the cabin, Figure 4.15 shows the velocity

vector.

Figure 4.13 the temperature inside casel
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Figure 4.14 The streamline inside casel
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Figure 4.15 the velocity vector inside casel
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Case?

In case 2, the design of the system for the cabin was also explained in the model 2,
the results show that the temperature inside the cabin is around 46 C° that means the
temperature decrees from 60 C° to around 46 C° as shown Figure 4.16 ,the Figure 4.17
below shows the behave of streamlines it shows how the streamlines came from under

the vehicle and then spread inside the cabin, Figure 4.18 shows the velocity vector.

Figure 4.16 The temperature inside case2
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Figure 4.18 The velocity vector case2
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Case 3

In case 3, the design of the system in the cabin is very similar to case 2, the design
explained in the model 3, the results show that the temperature inside the cabin is
around 38 C° that means the temperature decrees from 60 C° to around 39 C° as
shown Figure 4.19 ,the Figure 4.20 below shows the behave of streamlines, it shows
how the streamlines came from under the vehicle and then spread inside the cabin,
Figure 4.21 shows the velocity vector.

Figure 4.19 The temperature inside case3
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Figure 4.20 The streamline inside case3

Figure 4.21 The velocity vector case3
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Case 4

In case 4 , the design of the system was quite different than the other models, the
design explained in model 4, the results show that the temperature inside the cabin is
around 33 C° that means the temperature decrees from 60 C° to around 33 C° as
shown Figure 4.22 ,the Figure 4.23 below shows the behave of streamlines it shows
how the streamlines came from under the vehicle and then spread inside the cabin,

Figure 4.24 shows the velocity vector.

Figure 4.22 The temperature inside case41l
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Figure 4.23 The streamline inside case4

Figure 4.24 The velocity vector case4
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The high increasing of temperature inside the cabin of the vehicle, lead us to suggested
solution , the solution was to design a safety system works on passive natural
ventilation in vehicles when its parked , the principle of the system depends on
convection method, a simulation for a natural convection inside a cabin of a vehicle
was perfumed , to reduce the temperature inside the cabin, the four cases show that the
temperature decreased inside the cabin, case 4 shows the best increasing of temperature
was due to the a heat exchange between the temperature of the shadow which is around
20 C° and the temperature of the cabin which is around 60 C°, the loss of the heat was
from 20 C° to 27 C° and that was depending on the design of the system on the cabin.

After completing our simulation design project , the main recommendation of this

project are as follow:

e To create a practical real model to reflect our results reached by this project .
e Then to measure the temperature inside this model and to compare it with the

simulation rustles.
e To make the design more suitable and safe by using nets for the holes .
e One recommendation for the faculty of engineering at PPU , is to add the ANSYS

software as required subject for the mechanical engineering .
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