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Resume
Methodology of the heat outcome from the bus compartment in terms of duration 
factor of cooling and heating capacity is introduced. Value of the air temperature 
change in the compartment was calculated. The balance method of the spent 
heat is used to assess the level of keeping a proper temperature environment in 
the bus saloon when a comfortable microclimate is created for passengers via 
the proper conditioning system functioning. Models of the heat transmission 
notions were used for calculation regarding different categories of the heat load 
creation. A developed numeric algorithm was introduced in the article as well as 
a program for modelling the transitory heat processes in the compartment of the 
city bus equipped with an air-conditioner enabling to take into account various 
constructive decisions in the system of comfortable provision of city buses and 
model unstable heat processes.

Article info
Received 17 July 2020
Accepted 23 August 2020
Online 4 March 2021

Keywords: 
city bus, 
compartment, 
temperature environment, 
heat capacity of air, 
heat balance, 
comfortable conditions 

Available online: https://doi.org/10.26552/com.C.2021.2.B150-B157
ISSN 1335-4205 (print version)
ISSN 2585-7878 (online version)

inside [5]. Besides that, the unstable heat processes are 
often studied in the stable mode, when the heat streams 
and parameters of the heat circuit are constant and do not 
depend on time [6]. An important influence on heat exchange 
between outer temperature is imposed by the massive 
construction of the bus and due to that, the temperature 
fluctuations on its inner surfaces are decreased. 

Due to appearance of the more effective technical 
solutions of the life support system, a necessity appears for 
creating the new mathematic apparatus that would enable 
to take into account these properties and their influence on 
the course of unstable heat processes during the whole time 
of performing the process of passengers’ transportation.

The aim of the article comprises developing the method 
of solving the tasks regarding the system of comfortable 
provision of the city bus compartment via a suggested heat 
mode through the heat costs analysis. 

To assess the efficiency of the conditioner functioning 
and to determine the period of its switching, while 
performing the passengers transportation process in 
the city route (at the example of the bus (MAZ - 206), 
a methodology of the heat balance calculation in the cycle 
“heating - cooling” was introduced. The experimental 
results of testing [7] by the modelling methodology [8] 
were used for mathematic modelling. A  comparison of 
experimental testing and mathematic modelling was 
conducted. The method of elementary counterweight was 

1 	 Introduction

The system of air-conditioning is an important 
subsystem in transport means regarding comfort support, 
in particular, in a  while, for city buses. The heat loads, 
affecting a  microclimate in a  bus compartment while 
performing transport work, are rather difficult to determine 
due to processes of the turbulent stream and heat exchange. 
They consist of many thermal forms and undergo influence 
of many factors, such as outer temperature, intensity of 
sun radiation, materials for body cladding, number of 
passengers, motion velocity of transport means, geographic 
location etc. [1-3].

The microclimate in the bus compartment depends 
on the properties of the heating systems, ventilation, 
conditioning and the range of constructive parameters of 
the bus itself (tightness of the saloon, location of engine, its 
thermal insulation, heat conductivity of cladding materials, 
number of passengers, type of windows), as well. 

The air humidity, along with temperature, may affect 
the human body substantially. As the doctors-hygienists 
state, the most favourable combinations for a human body 
are the conditions, when relative humidity equals 50% and 
the temperature is equal to 16 to 18˚C, [4].

The existing mathematical models of unstable heat 
processes in the city bus do  not completely reflect the 
heat processes within the compartment with passengers 
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and accordingly 25.7˚C in the bus compartment. 
In [13] was stated that the trip duration in a  car and 

a factor of passenger loading have a sufficient impact on the 
perception of a comfort level by a driver and passengers. 

The conducted research of scientists in [14] proved 
that the cars with venting of different colors have an 
excellent reflecting capacity of opaque elements of 
a  bodywork. Regarding this, the indexes were developed 
in accordance with a  certain color of opaque elements of 
a  bodywork classified as solar reflection indexes (SRI) 
and were calculated considering the solar reflection and 
heat radiation. The measurements proved that the cold 
colors have the solar spectral reflecting ability much 
lower than the light tones. The solar reflection fluctuates 
within the range of 0.04 (usually black) up to 0.70 (usually 
white) with many cold sub tones from the solar reflection, 
approximately 0.20 - 0.50. All the patterns with coating 
demonstrated a high thermal release (0.82 - 0.95). 

It was proved by the authors of [15] that the efficient 
microclimate control in transport means is at least 
traditionally considered to serve the comfort, but under the 
negative effects of a  temperature mode; it has a  negative 
influence on a  driver’s efficiency and is considered as 
a  safety factor in traffic. A  great influence on a  driver’s 
alertness at temperature of +27˚C was established in 
comparison to temperature +21˚C in transport means: 
the drivers missed 50% more signals given within the first 
hour and reaction time got for 22% longer at the increased 
temperature level. 

The dominating parameter of a microclimate in a closed 
space is an air temperature that is stated by authors of [16]. 

The demands to the micro-climate of the bus saloons is 
changing due to the peculiarity of commissioning city buses, 
equipped by the conditioners, that used to be a  comfort 
feature only for the intercity buses. Another approach 
to microclimate quality is required by the bus operation 
conditions during the city traffic jams and rationing fuel 
cost by that [7]. 

3 	 Determination of the micro-climate in the city 
bus compartment 

3.1 	General characteristics of micro-climate 
provision in the saloon of the city shuttle bus

One of the crucial factors of microclimate in the 
bus saloon at its ventilation is its air exchange providing 
a  normalized temperature difference between the 
compartment and outer environment and mobility and 
humidity of indoor air. At the same time a  necessary air 
exchange of the compartment is determined on conditions 
of assimilation of the heat input from the solar radiation 
and from the passengers [5]. The main requirement to 
the microclimate lies in supporting meteorological and 
sanitary parameters in the room. Meteorological parameters 
comprise temperature (t

a
, ˚C), relative humidity (φ

a
,  %) 

used for solving the complex system of equations. The 
developed mathematic model of the heat processes in the 
city bus compartment, unlike the existing ones, enables to 
research unstable heating engineering indexes in the bus 
compartment, under different operation conditions (level 
of anisotropy) and compare the work of various systems of 
life support in terms of their constructive decisions. 

2 	 The latest research analysis

Scientists, such as Zhukovskyi [5], Kulikov et al.  
[9], Matveev [10], Palutin [11] and others [3, 12-15] 
researched the requirements to climate systems and micro-
climate normalization of wheeled vehicles. However, the 
constructive decisions of modern buses equipment change 
with time. Conditions of their exploitation also differ 
between the types, especially in the cities due to insufficient 
speed modes of traffic and unstable driving.

Results of the design technology development and 
calculation of inner aerodynamics of the heating system 
and ventilation of a passenger car were introduced in [10]. 
The thermal resistance of each layer of surfaces of the 
roof, sidewalls and facings is proposed to be taken into 
account separately, via indexes of the heat dissipation, heat 
conductivity and heat perception. The calculation method 
of the air exchange in a  car compartment was presented 
under the following conditions:
•	 equal temperature both inside and outside of the car;
•	 position of hatches and windows (open or closed) 

do  not influence the character of -the air penetration 
into the car;

•	 excessive pressure in the car compartment is equal in 
all its volumes;

•	 air pressure in the compartment is established.
Parameters of the air environment of their 

compartments were determined due to the research of 
ventilation systems in cars’ bodyworks [11]. Measurement 
of summing the effective surfaces of looseness enabled 
to access tightness of separate parts and a  bodywork as 
a whole of some domestic and foreign cars. The conducted 
calculation of the air-exchange value in a  bus saloon that 
have two rows of passenger double-seats and roof height of 
196-205 cm, resulted in the upper limit equal to 2000 m3/h. 

Analytical dependencies of the heat mode of the 
bus saloon during its motion, under conditions of the 
summer operation, were obtained in [5]. Influence of the air 
exchange through doorway at the stops and infiltration due 
to looseness of a bodywork was determined. 

In calculating the loading on the intercity bus, radiation 
from windows was considered in the work [12], whereas 
the heat dissipation from roof, floor, back and front 
sidebars were taken into account via conductivity only. 
The maximum increase of heat was calculated as 25.96 kW 
at 17:00 during July, and this case is a  peak loading and 
a peak time as heat dissipation. The temperature of outer 
atmospheric air in Adana city, in July, was accepted as 36˚C 
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constructions (sidebars and floor, window glass 
constructions and doors).
Optimal management of the conditioning system lies in 

the general regulation of compressor velocity that enables 
to control cooling power that can regulate the temperature 
to maintain comfort in the bus saloon and reduce the fuel 
consumption. 

Power of air-cooling is determined by the thermal 
loading of the saloon and it is a  complex process. It 
consists of many thermal forms depending on various 
factors: temperature of environment, solar energy intensity, 
material of constructions, number of passengers, motion 
speed of a transport means etc. [20-21].

To create the thermal comfort inside the bus it is 
necessary to take into account all the factors considered as 
they may change within time and at the same time consider 
the fact that each person percepts the conditions of being in 
the closed space inside the bus in a different way. As all the 
people are different, the thermal comfort usually refers to 
the set of optimal parameters where the highest percentage 
of the present passengers feel comfortable in the external 
environment. 

As the environment inside the city bus while performing 
the transport process depends on many conditions, 
a  transport means may not maintain a  stable temperature 
inside the compartment, as it may not affect the time of 
opening and closing of doors, time of the day, trip duration, 
number of passengers and internal temperature. 

The heat transmission is a complex process comprising 
separate processes of the heat dissipation in a hot and a cold 
heat bearer and heat transfer via the heat conductivity 
via the wall parting heat bearers. The bus saloon as 
any chamber is an anisotropic environment in various 
directions and with nonhomogeneous properties. This 
notion is characteristic for the heat conductivity [22]. 

The body surface of an average person is about 
1.8 m2. Air and barriers of the room percept this heat. 
Consequently, the temperature of the room is an important 
factor characterizing a  microclimate of the room and 
defines the state of thermal comfort in it. The temperature 
values of inner air for rooms of different application in cold 
and warm seasons are recommended by the norms (DBN 
and rules, EN ISO, ASHRAE etc.). Usually, temperature 
modes + 20˚C to 22˚C, in the cold season and + 22˚C to 25˚C 
in the warm season are recommended as optimal [22].

3.3	 Approach to choosing experimental research 
method 

Calculation of the heat input via elements of the bus 
constructions cladding in the summer period is complicated 
by sufficient temperature fluctuations of outer air and even 
bigger fluctuations of the heat stream on outer surfaces 
from the solar radiation. At the same time, an especially 
important factor lies in the heat input from the present 
passengers that also depends on outdoor air parameters. 
Thermal insulation of air conduits, pipelines and bodywork 

and mobility (v
a
, m/s) of indoor air in the room; sanitary 

parameters include radiation temperature of surfaces  
(t

r
, ˚C), intensity of thermal (infrared radiation), level of 

noise, brightness, maximum permissible concentration of 
dust and gases [17]. The given statement corresponds to 
microclimate requirements of the city bus compartment to 
the full extent. 

There are no unified requirements for the microclimate 
in the compartments of the city shuttle buses in the 
requirements to the products that undergo a  compulsory 
certification in Ukraine. It is, primarily based on the lack of 
standards containing regulations to the given requirements. 
At the same time, among current standards of Ukraine 
comprising assessment of moderate and extreme thermal 
environments, the feeling of discomfort level (thermal 
dissatisfaction) of people in buildings and systems is 
reflected in the international standard ISO 7730:2005 [18]. 

Review and analysis of calculation methods for 
ventilation systems and heating showed that their basis 
lies in the integrated approach enabling to determine only 
average parameters implying assessment of local and 
linear expenditures. For example, regulatory document 
[19] regulates the air temperature in railway passenger 
carriages of all the types, in winter at the level of +20˚C  
!  2˚C, and in summer + 24˚C ! 2˚C (in the carriages with 
conditioners). 

While operating the bus MAZ-206 on the city routes of 
the automobile enterprise one comes across the problem 
of rationing fuel costs while working with the conditioner. 
It relates to activating it under the conditions of providing 
the optimal microclimate able to change regardless of the 
temperature of the outer environment. It is caused by the 
seating capacity, motion conditions, management of setting 
the whole air conditioning system etc. 

The thermal perception of a person in the bus saloon 
is affected mainly by four factors: air humidity and velocity, 
temperature and properties of the surfaces surrounding 
a person [10]. It is worthy to consider that though the heat 
perception is determined by the enumerated parameters, 
not any ratio of these parameters may provide comfortable 
conditions. Each of them may not be changed at random, 
but only within some appropriate limits that satisfy the 
conditions of a  comfortable thermal perception while 
staying in the bus saloon. Knowledge of the permissible 
limits of temperature fluctuations, air humidity and 
mobility enables regulating application of some types of air 
conditioning systems.

3.2	 Factors of proper heat productivity and its 
systems

The heat costs of the city bus compartment mainly 
depend on:
•	 the temperature difference between the bus saloon 

and outer environment (the bigger the difference, the 
higher the costs);

•	 the heat-protective properties of the bodywork 
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3.4 	Determining the heat loss of a city bus 
compartment

Accelerated experimental determining of the heat costs 
of a bus was carried out according to the methodology [8]. 
The research conducted directly in the bus saloon implying 
the autonomous heater of calibrated power. 

The main heat factor, determining the microclimate in 
the city bus saloon, that is characteristic to a  short-term 
passenger presence, is the air temperature [16]. As comfort 
is a subjective notion, then the efficiency evaluation of the 
bus saloon thermal loading, equipped by the conditioner, 
is reasonable to conduct according to temperature and 
time characteristics of the air in the checkpoints located in 
the zone of passengers’ layout in the compartment and in 
a driver’s cabin (Figure 1). The factor of checkpoints location 
in the zone of passengers’ and driver’s head is dominating as 
the surface of the saloon floor is located at different levels. 
The figure shows the layout of checkpoints in the process 
of conducting the experimental research: points 1a - zone of 
driver’s head, 1b - zone of passenger’s head (at a height of 
1.3 and 1.2 m from the floor, respectively); point 2a - zone of 
a standing passenger’s head (at a height of 1.75 m from the 
floor); points 3a, 3b - zone of sitting/seated passenger’s head 
(at a height of 1.2 m from the floor).

Heating the bus saloon was conducted via the heater 
with calibrated heat capacity N

1
 in the set range of 

temperatures (t
min

 ˚C and  t
max

 ˚C). The characteristics of 
heating (ῖ

1
) and cooling (ῖ

2
) are introduced in Figures 2-4.

Characteristics of heating (ῖ
1
) and cooling (ῖ

2
). Had to 

be sampled. The process of heating and cooling the saloon 
of the bus MAZ t˚

max
 = 22.5˚C is shown in Figure 3. At the 

same time, the temperature of the external environment 
comprises t˚

ext
 = +7˚C. The heating phase lasted 274, and the 

whole cycle - 683 s.
Having conducted a range of the cross-sections C

1
, C

2
, 

C
3
; L

1
, L

2
, L

3
; K

1
, K

2
, K

3
 (Figure 2, b), the power of the heat 

construction generally caters to prevent heat and cold loss. 
Massiveness of the compartment’s framing and noise and 
heat protective materials serve as a  passive protection 
decreasing or increasing the peak loading that influences 
the heat exchange of the room [6, 23].

The heat loss due to fencing constructions in the 
cold season of the year is calculated in a stationary mode 
assumption, as in winter substantial temperature fluctuations 
of external air, especially temperature fluctuations of the 
external side of fencing, are not observed [6]. 

Considering the fact that temperature mode in the 
saloons of transport means is rather complex, it has complex 
mathematic approaches for defining optimal decisions, 
there is a  necessity for conditional perception of a  bus 
saloon as a  chamber with a  proper capacity to maintain 
a favorable microclimate and the heat consumption in time, 
through the constructive elements of a chamber. 

A  simplified method of calculating values of support 
(transmission) of the heat comfort in the saloon for 
a  possibility of determining the moment of switching 
a conditioner at some heat loading, may be applied for city 
buses and, vice versa, its turning off, when there is no need. 
Such conditions occur in the warm season of the year due 
to the excessive input of solar radiation or when there is 
many passengers even at insufficient temperature indexes 
of external air.

Due to the complexity of applying automated devices 
of management of conditioner’s work, nonuniform 
passenger layout in the saloon, large saloon capacity as 
a room, unstable passenger flow, duration of door opening 
at technological stops, complexity of the passengers’ 
structure, complexity of determining coefficient of the 
heat transmission of cladding constructions of the bus 
saloon, complexity of the heat dissipation index from the 
passengers, there is a necessity of a simplified approach to 
determine thermal processes in the saloon via modelling 
heat loss.

Figure 1 Points of measuring the temperature indexes in the bus compartment
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According to the results obtained (Table 1), the 
relationship between the heat loss of the compartment and 
temperature difference in and outside the saloon (external 
environment) - Figure 4. Resulting from Figure 4, one gets:

N . t .0 272 2 72loss $ T= -c .	 (3)

The derivative of Equation (3) reads:

ree
N

. kW
t

0 272loss

2
2
T

=
degc^ h ,	 (4)

where dependency N
t
loss

2
2
T c^ h   is the power of loss in the 

researched bus compartment,
ree
kW
deg

.

costs were calculated as

N NN L L
L L

L t L L
L L

1t L
1

1 2
1 1

1 2 2 3

1 2

3
$

$
$= + =c

l ,	 (1)

where L
2
 is a point of switching a calibrated heater off.

Using the processes of heating and cooling (Figure 2), 
values of the heat loss power was obtained as 22˚C; 21.5˚C; 
21˚C; 20.5˚C; 20˚C, or, taking into account t˚

ext
 = +  7˚C, it 

results in a sequence Δt˚ = 15˚C; 14.5˚C; 14˚C; 13.5˚C; 13˚C, 
respectively. The calculation results are shown in Table 1.

Accordingly,
	

N
N

. kW683
2 274 0 802heat

loss
1 2

$ $
k k

k
= + = =u u

u
.	 (2)

 
Figure 2 Processes of heating and cooling: a - temperature change, b - heat capacity change

Figure 3 The full cycle of “heating-cooling” the compartment within the range of temperatures 20˚C - 22.5˚C
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temperature t˚
max

, the heater is off and the saloon cools 
down from t˚

max
 to t˚

min
 for the time ῖ

2
. Then, the amount 

of the heat emitted by the compartment into the external 
environment amounts to: 

Q
2 
= N

2costs
 ∙ (ῖ

1
 + ῖ

2
).	  (7)

Having compared  Q
1 
to Q

2
, one gets:

Q
1 
= Q

2
; N

1
ῖ
 
= N

2exp
 (ῖ

1
 + ῖ

2
). 	 (8)

The power of the heat costs of the researched object is 
calculated from Equation (8) as:

 
N N2 1

1 2k k
k= +u u
u

.	  (9)

The obtained results allow determining integrated 
index of the heat loss - power of heat loss of the researched 
object - compartment of MAZ -206 bus. It enables to 
get the power of the heat loss for a  necessary range of 
temperatures Δt˚, as well to establish dependency N

2exp
 on 

Δt˚. The calculations were performed without taking into 
account the possible violation of the tightness of the bus 
saloon.

Equations (3) and (4) are a liner approximation of the 
heat exchange dynamics between the bus compartment and 
the external environment. By the limitations:
•	 bus speed is neglected;
•	 the range of temperature fluctuations in the system 

“saloon - outside” amounts to:
	 10˚C ≤ Δt˚ ≤ 20˚C;

•	 heat flows are considered to be symmetrical   
Q

1
∙(t˚

saloon
 > t˚

ext.
) and Q

2 
 (t˚

outside
 > t˚

saloon
) 

		

t
Q

t
Q1 2

2
2

2
2

=c c ;	 (5)

•	 at Δt˚ < 10˚C, the heat exchange between the saloon 
and the external environment may be neglected.
Thus, the heat balance in the cycle “heating-cooling” 

amounts to: when the heater with calibrated power N
1 
is on, 

during the time ῖ
1 
the amount of heat, supplied to the saloon 

(chamber), is:

Q
1
 = N

1
 ∙ ῖ

1
.
	  

(6)

During that time the temperature in the saloon rises 
from t˚

min
 to t˚

max
 in the range set. When it reaches the 

Table 1 Determining dependency of the heat costs on temperature in the compartment and the external environment

no.
temperature 

in the compartment, t˚
L1

Δt˚ = t˚
L1 

- t˚
ext

L
1
, L

2
,

mm

L
1
, L

3
,

mm
N

loss
 = N

1
 ∙∙
L L
L L
1 2

1 2  ,

kW

1 22˚C 15˚C 13.5 20 2 ∙ .
20
13 5  = 1.35

2 21.5˚C 14.5˚C 23 37 2 ∙ 
37
23  = 1.24

3 21˚C 14˚C 31 53 2 ∙ 
55
31  = 1.12

4 21˚C 13.5˚C 38 77 2 ∙ 
77
38  = 0.98

5 21˚C 13˚C 44 110 2 ∙ 
110
44  = 0.8

Figure 4 Power of the heat loss of the compartment in terms of Δt ˚C
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used for compartments of other bus models. Studies have 
confirmed that the cabin interior air inertia does not exceed 
1-2 minutes.

This approach can be used for the saloon of other bus 
models with a larger volume of saloon space, or articulated, 
for example, Solaris New Urbino 18, using a larger number 
autonomous calibrated heaters. This is explained by the 
inertia of the space heating, increased due to the heat 
perception by the components of the saloon. The setting of 
the temperature indicators should be delayed for stability of 
temperature in the whole salon because of the small internal 
air inertia and the number of recorders to determine the 
average value in the cabin should be increased.

4 	 Conclusion.

An approach for determining the models of the heat 
costs of the bus saloon is proposed that regulates the way 
of defining the need for the air-conditioner activation of 
a city bus via the characteristics of the whole system “bus 
compartment - environment”. To obtain the qualitative and 
quantitative indexes of the temperature change in the bus 
saloon at the set change of cold air cost, it is worthy to take 
into account that the heat capacity of the simultaneous 
air volume is much smaller compared to the sum of the 
heat capacities of the constructive bodywork elements, 
seats and partitions. The considered methodology may be 
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