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Abstract
In this study, midibus, which are often used local and intercity public transportation is
modelled. Thermal comfort, velocity and temperature distribution are investigated
numerically. Calculations amade by a software package, which is used the finite
volume method, under thredimensional and steady state conditions. A vehicle
cabinet in actual size is used in the analysis. The passenger and the driver are
separately modelled and thermal conditiontiveir surrounding evaluated in terms of
thermal comfort. Percent dissatisfaction value in the study is described as the thermal
comfort parameter. Percent dissatisfaction values for different rate of injections and
temperature are calculated separatelyditried to determine the appropriate values.
Standard k = a4 GKS {Gdz2NbdzZ SyOS Y2RSt FYyR {
approach are used in the analysis.
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1. Introduction

One of the most important effect of technologic development on human being is comfort. The
expected criteria of the public transportation vehicles are changing with developing technology
continuously. Ventilation inside the cabinet is ookthese parameters. Most of the people of
socially and economically developed countries sp@@% of the day in air conditioning indoors.

[1].
This situation is ever increasing the studies related to thermal comfort. Thermal comfort as a

definition is an objective assessment that allows people to express the satisfaction and
evaluation about thermal environment [2].
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It should not be forgotten while investigating thermal comfort, this term is a concept related to
feelings and emotions and depends on ambient temperature, relative hityniciir movement
Ay GKS SY@ANRYYSYG>S NIRAIFGAZ2Y GSYUIENI Gdz2NBx 2y

In the study of Zhu and his colleag8fmade they numerically investigate air movement inside

a bus cabinet for different ingress and egress locai@md in the study of John and his
colleague[9] made, they modelled a bus and they numerically investigate in what way different
window sizes effect on the air velocity inside the bus.

In this study, a solution field on the basis of rgdiometry, which icommonly used in public
transport in the city, is formed. Different inlet temperature and velocity status of the thermal
comfort and ventilation inside the cabinet are investigated numerically.

2. Modelling and Solution Method
2.1. Geometric Modelling

In the study, a midibusype vehicle geometry are taken as a basis. To ventilation mode and
vents, different methods and performances are tried in the literature. The air vents are located

on the passenger seats in small holes. The outlet hole at theaketlre cabinet is modelled

circularly. A total of ten people except driver are modelled. Due to the fact that the cost of the
KFNRgIFNB yR ySig2NlAy3d (KNRdzZAK LIS2L) SQa o02Re@
similar results and tested in litetare. [4]

N
Figurel. Solid model of thenidibus carrying people

Midibus is modelled as 1.76 m in height, 7.73 m in length and 2.215 m in width. It is thought
that the diameter of the vents through which the air blown as 5 cm, the diameter of the outlet
hole as 50 cm. the studied simulations obtained by ANSYS FLUENT 14.5 software, which is
running with the finite volume method.
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2.2. Mesh Structure

Mesh structure is formed by tetrahedral element structure. (Figure 2)
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Figure 2Divided state of the floviield of the finite elements

The network areas in which network with 246000 elements number have much more common
structure. (Figure 3)
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Figure 3 Detailed meshes into the air inlet section

2.3. CFD Approach

In this study air flow in the cabinet three demsional Reynoldaveraged naviegstokes (RANS
Momentum), and continuity equations by numerical methods is ustdndard k Y2 RS Aa
selected as turbulence model. It appearsthatk Y2 RSt KIF&a + 6ARS NI y3aS
literature and being usek frequently in the room ventilation. The studies showed that these
model gives very similar results of experimental studies [5]. The convergence criteria considered
in the analysis are shown in the following table.

15



' KYSG {SNKIFy [ lFyo2tl G . dzNF 1 ¢ NNJ, IMAS/ol 4 fssBe/1 201¢

Table 1.The convergence criteria adoptdéor each parameter.

Parameters Convergence Criteria
Continuity 1.10°
Velocity (xdirection) 1.10°
Velocity (ydirection) 1.10°
Velocity (zdirection) 1.10°
Energy 1.10°
k 1.10°
9LIAAT 2Y 1.10°

2.4. Boundary Condition

The study ionducted under the steady state assumptions. In studied scenarios is aimed at
cooling under hot environmental condition in the summer. Windows and doors are assumed
constant temperature at 36C.

Figure 4Inletand outlet holes and demonstration of wdows on the model.

There are eleven people in the vehicle. And boundary condition for the people is selected as the
constant surface temperature. Human body surface temperature is adopted as 34 °C. The inlet
temperature and velocity values are systematicaxamined in different values and expressed

at Table 2.
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Table 2 Different air blowing velocity and temperature examined in the analysis.

Temperature {C) | Velocity (m/s)
1
1.5
18 2
2.5
3
1
1.5
22 2
2.5
3
1
1.5
26 2
2.5
3

3. Calculations and Discussion
3.1. Percent Dissatisfaction

If the temperature of the environment of people location is above the desired comfort, people
are able to perceive the draft as a pleasant breeze. But the people who feel cold in the same
conditions, are able to find the draft very disturbing.

Draft defined as percent dissatisfaction in the literature or draft rate and in equation 1 shown as
a mathematical formulation. . [6] One of the article published by Fanger in 1989. [7], Draft
referred as éllows;

PD = (34N)(\/0.05f°40.37V T+ 3.14) 1)
PD = Percent Dissatisfaction (%)

Tu = Turbulence Intensity(%) (%A0)

T = Temperature (°C) (2I560)

V = Velocity (m/s)

Theuse of equation number 1 is restricted in some cases. More specifically, if the air velocity
smaller than 0.05 m/s, this velocity must be synchronized at 0.05 m/s. Moreover the PD values
below zero is equalized to zero as well. When the PD is above 1088%alue is stabilized at
100%. According to Ashrae standard, PD value for 15% and below adopted as comfortable.
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Percent dissatisfaction distribution obtained for 26°C is shown in Figure 6. It is assumed that an
increase in velocity causes an increase ntBo. The results obtained in PD distributions, the
area, where velocity value is high, the PD values are high as well.

PD values changes, in different velocity and temperature obtained 5 cm above from the
passenger, is shown in the graph.
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Figure 5 Peacent dissatisfaction values obtained at different velocities and temperatures.
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Figure 6.Percent dissatisfaction distributions obtained for different velocity in the midibls (1
5-2-2, 53 m/s) respectively.
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3.2. Streamlines and Temperature Diditition

To set an example, results obtained from flow lines fdr, 52-2, 53 m/s at 26°C are shown
below; (Figure 7). Moreover for 3 different temperature (A8 -26 °C) to set an example,
temperature distribution in 1 m/s is shown below (Figure 8).
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Figure 7 .Streamlinesobtained for different velocities in midibus-{1, 52-2, 53 m/s)
respectively.
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