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Abstract   

Everyday people spend much time in vehicles. Either riding or driving has become a part of 

our life. A comfortable thermal sensation brought on occupants contributes a lot to our life 

and work. On the contrast, a bad and uncomfortable thermal environment may get human ill 

and even risk their life. In this paper author takes the interest of some real feelings about 

thermal comfort while riding or driving. And out of consideration for a better vehicular 

thermal environment author construct this paper by using the method of literature review, 

trying to give readers a basic description about “what the thermal comfort in vehicles is and 

how to achieve a thermal comfort level. The paper is mainly focused on the private car; the 

other types of vehicles will be shortly discussed as well. The former question will be 

explained by introducing the basic thermal comfort theories which including Fanger’s thermal 

comfort model and thermal parameters in cars. In addition, other factors will also be given 

which contribute to achieve thermal comfort like running smoothness, low noise, fresh air and 

good driving performance etc. Comparing with indoor climate, the vehicular thermal 

environment is transient and inhomogeneous and this situation may even worse in urban-bus 

and railway than that in private cars. Thus it is complex to make measurements and evaluation. 

In the part of thermal comfort research, two major methods of thermal comfort measurements 

will be described, namely thermal comfort test and numerical simulation. These researches 

will help to guide and improve the design of the vehicles and HVAC system. Meanwhile 

through the short description about the dissimilarities in urban bus, urban railway and aircraft 

comparing with private cars let the readers know what the thermal environment in these 

vehicles is. The following part is an extension of the first part. Through the research of 

thermal environment and its improvements, the HVAC system was built to contribute a 

satisfying thermal environment. The latter question will be explained by introducing the 

HVAC system which including the basic principle, its functions and problems. As a result 

readers have a basic understand about how the HVAC system works and how could the 

thermal comfort be affected. At the end the conclusion and foreground of the paper will be 

given. 
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.1 Introduction  

.1.1 Background  

In last decades scientists have made a plenty of researches on thermal comfort in vehicles and 

made a lot of achievements and breakthrough in many fields, such as automotive glazing on 

thermal comfort, effects of automotive heating, ventilation and air conditioning system and 

also other effect of other automotive factors. The reason why enormous concentration taken 

on vehicle thermal environment and comfort is due to its significances to human’s life. 

Passengers are not able to stand up the burning hot summer or freezing cold winter without 

mechanical adjustment. Especially for little kids and the old or people who has the heart 

condition is very risky in hot summer when the vehicle is not air-conditioned and the inside 

temperature may higher than 90 degree. Many accidents occurred and people even lost their 

life, which highlights the fact that thermal environment must be well designed and air 

conditioning is essential. In the other hand some regulations were set to meet the demand of 

energy conservation and emission reduction, for example in Shang Hai air conditioning runs 

only when temperature lower than 12 degree or larger than 28 degree. Thus research on 

thermal comfort not only contributes a better thermal environment but also improves the 

thermal environment control like air conditioning and meanwhile reduces the fuel 

consumption. 

Thermal comfort is human being’s thermal sensation of the surrounding environment, which 

express the level of satisfaction of thermal environment. Thermal comfort in vehicles was 

highly regarded as one of the most important factors when vehicular thermal environments 

were designed. A comfortable thermal sensation could not only bring the occupants a great 

felling and good physical states but also more concentration and motivation in work or life 

which make a tremendous contribution to the work efficiency and life quality. For a vehicular 

environment, a comfortable temperature and constant fresh air is what required. And in order 

to fulfill this requirement, a well-performed HVAC system is indispensable. That’s why our 

researchers made a numerous research to optimize the HVAC system. Nowadays a basic 

standard heating, ventilation and air-conditioning system has been already suited in over 85% 
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of new vehicles, which could meet the demand of thermal comfort of most occupants. 

However some hidden problems still exist and remain to be solved, such as bad air quality, 

local thermal discomfort and mold etc. These problems has a growing concern in our 

ventilation systems 

 

.1.2 Aim  

The main objective of the paper is through the literature review of basic thermal comfort 

theory and HVAC system in vehicles such as car, urban bus, urban railway and aircraft to find 

out how thermal comfort could be affected. At the beginning author would introduce the basic 

background of thermal comfort in vehicles. In the second part thermal models, thermal factors 

in cars and thermal comfort research will be given. In the third part the dissimilarity in the 

urban bus, urban railway and aircraft will be discussed. In the fourth part HVAC system and 

HVAC problems in cars will be described. At the end give the discussion and conclusion of 

the research and foreground of the future. 

.1.3 Method  

This article use the way of literature review. By searching the target topic- thermal comfort in 

vehicles and some other relative topics in internet, find the useful information, articles and 

books. Through browsing and studying information, author constructs the paper.  
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.2 Thermal comfort in cars 

.2.1 Fanger’s thermal model 

Based on ASHRAE Standard 55, thermal comfort is defined as “that state of mind which 

expresses satisfaction with the thermal environment” [1]. Thermal comfort reflects human 

being’s subjective sensation to surrounding thermal environment. In ASHRAE handbook of 

fundamentals [2], the heat balance equation（1） is described as: 

S = M±W±R±C±K―E―RES [W/m2] (1) 

S – rate of heat storage 

M – rate of metabolic heat production 

W – rate of mechanical work accomplished 

R – rate of heat exchange by radiation 

C– rate of heat exchange by convection 

K– rate of heat exchange by conduction 

E – rate of heat exchange by evaporation 

RES – rate of heat exchange by respiration 

 

Here Respiration [2] : 

RES = Cres+ Eres （2） 

Cres= 0.0014 M (34 – ta) 

Eres= 0.0173 M (5.87 – Pa) 

Cres - is sensible heat loss by convection 

Eres - is latent heat loss by evaporation of heat and water vapour 

Pa- is ambient water vapour pressure (in kPa)  

ta - is ambient air temperature 

From the equation we could see, the thermal comfort of human body is affected by 

environmental factors and personal factors. Air temperature, mean radiant temperature, air 

velocity and relative humidity compose the environmental factors and human body metabolic 

rate and cloth insulation compose the personal factors. 

People produce heat during metabolism, and then heat will be exchanged with the 

surrounding by conduction, convection, radiation and evaporation. When the heat produced 
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balance with heat loss, people feel comfortable and then body temperature keep at 36.5 degree. 

However with these factors changing, the balance happens to incline. As consequence the 

body temperature changes as well. When temperature changes beyond the scope of our human 

body automatic temperature regulation, respiration may be obstructed and even to death. 

 

The early thermal comfort index was established based on empirical dates, statistic survey and 

people’s vote, but these results had its limitations. In order to find the more comprehensive 

thermal comfort index, Fanger stated the thermal comfort equation [3]. 

F (M, Icl, v, tmrt, ta, Pa) = 0 (3) 

Where    M = metabolic rate, met 

             Icl = cloth index, clo 

             v = air velocity, m/s 

             tmrt = mean radiant temperature, 

             ta = ambient air temperature 

             Pa = vapour pressure of water in ambient air 

 

In 1970 Fanger put forward the PMV (predicted mean vote) which is based on the thermal 

comfort equation and ASHRAE seven-point index [3].  

 

Figure 1 .Thermal sensation scale [3]. 

The interaction between PMV and thermal factors is as equation (4) described [3]: 
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In equation (4), 

M /FDu – activity level  

fcl – ratio of body surfaces being naked and covered with cloth  

η– efficiency of mechanical work 

tcl – the surface temperature of clothing 

tmrt– mean radiant temperature of the surrounding surfaces 

ta and pa is same described as equation (2) 

These parameters in the PMV equation are average value, for example ta, pa, tmrt take the 

average value of surrounding temperature and pressure. This simplification is suitable in 

relative large and homogeneous environment like indoor building, but may cause a big error 

in vehicular environment. 

 

.2.2 Thermal factors  

� Air temperature 

The air temperature is average temperature of air surrounding the body, with the respect of 

location and time. As ASHREA 55 defines [4], the spatial average takes into account the 

ankle, waist and head levels, which vary for seated or standing occupants. Usually we get air 

temperature by measuring the dry-bulb temperature. The dry-bulb temperature is the true 

thermodynamic temperature, which is usually measured with thermometer exposed to the air 

shield from the radiation and moisture. However in inhomogeneous environment with 

difference between surface temperature and air temperature, the thermal radiation is 

unavoidable, that’s why the temperature sensors is used for measuring and its recommended 

value is between the value of air temperature and the value of mean radiant temperature. 

Besides the sensor needs to be as possible as small by avoiding the influence of thermal 

radiation. 

The air temperature zone inside the vehicles is inhomogeneous due to the installed air 

conditioning system and very small space where the air temperature is easier to be influenced 

by heat exchange. This thermal stratification that results in the air temperature at the head 

level being higher than at the ankle level may cause thermal discomfort. ASHRAE Standard 

55 recommends that the difference not be greater than 3°C [4]. Different with air temperature 

in building, the air temperature in vehicles at the head level is expected to be lower than at 

ankle level. 
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What’s more, the air temperature depends on the cabin space of vehicles. At the same driving 

conditions, a larger vehicle may have an absolute different air temperature than a small 

economy-class vehicle.  

 

� Mean radiant temperature 

The Mean Radiant Temperature of an environment is defined as that uniform temperature of 

an imaginary black enclosure which would result in the same heat loss by radiation from the 

person as the actual enclosure. [4].  

The equation of mean radiant is as equation (5) described 

  (5) 

 ti – surface temperature of surface i 

Fp-i – angel factor between person and surface i 

From the equation we could know that the measurement of mean radiant temperature is very 

complex and time consuming. And we need to measure the temperature of each surface. And 

in vehicle this situation may even worse. In order to simplify the measurement and meanwhile 

avoid the error happened in the measurement, the operative temperature is introduced. The 

operative temperature is integrated effect of air and mean radiant temperature, which could be 

directly measured by using an unheated ellipsoid shaped sensor. While measuring the 

operative temperature, the influence of the air velocity is neglected. As the air conditioning 

system in vehicles is based on heating or cooling by air flow, very high local air velocities are 

often seen. The cooling effect of these air velocities will therefore be neglected, and as 

demonstrated in the measurement this might also lead to false conclusions. 

 

� Air Velocity 

Air velocity is defined as the rate of air movement at a point, without regard to direction. 

According to ASHRAE Standard 55[4], it is the average speed of the air to which the body is 

exposed, with respect to location and time. 

Air velocity inside the vehicle has correlation with many factors. The air flow from the air 

conditioning increases the air velocity. Convective heat exchange also contributes the air 

velocity and human physical activity also increases the air velocity. Human body is very 

sensitive with air movement especially for some parts like neck and head. Too large air 
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movement or irregular air movement may cause local thermal discomfort. Thus it’s very 

important to control the air velocity. In vehicle the acceptable value of the air velocity is 

between 0.1 m/s ~0.4 m/s. Besides due to the heated air flow is rising to the upper body, so 

the cool air should be directed to the upper body. And on the contrast the heated air should be 

directed to the bottom half. 

By the same token, the equivalent temperature is introduced to express the combined effect of 

the air velocity, air temperature and mean radiant temperature. In Rugh and Bharathan’s 

article [5], they give the equivalent temperature a certain relation with air velocity, air 

temperature, and mean radiant temperature as equation (6):                                       

teq=A*t i +(1-A)*tmrt   (6) 

Where: ti -	air temperature 

      tmrt -Mean radiant temperature 

      A – Weight factor  

 

Table 1: weight factor values at different air velocities values [5] 

 

Based on the figure above and table, we could see the correlation between equivalent 

temperature and thermal parameters. The difference between the operative temperature and 

equivalent temperature was carefully studied by Madsen [6] and the equivalent temperature 

was found to be the preferred parameter for the evaluation of thermal comfort, if high air 

velocities are present. 

Measuring each parameter requires a lot of instrumentation and it is difficult to measure all 

the parameters in the exact same location and then later calculate the combined influence. By 

using a transducer to measure the combined effect of all climatic parameters - the equivalent 

temperature makes the evaluation much easier. 

� Relative humidity 

ASHRAE Standard 55 defines relative humidity (RH) as the ratio of the amount of water 

vapor in the air to the amount of water vapor that the air could hold at the specific temperature 

and pressure. [4]. 

When the water is heated, it evaporates to the surrounding environment and provides the 

humidity. Humidity inside the vehicle will influences the evaporation of sweat from the skin. 

So it is really important to keep relative humidity in a proper range in hot environment, which 
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will not prevent the heat loss from body so that keep body temperature at normal. RH 

between 30% ~ 70% doesn’t have influence on thermal comfort. When RH is over 70%, it 

will prevent the sweat evaporation and then cause a sultry weather sensation and let occupants 

fell discomfort. When RH is lower than 30%, it will cause dry sensation and has a bad effect 

on mucous membranes. 

Due to the water vapour is uniform inside the vehicle, relative humidity can be get by 

measuring any point with a thermometer. Relative air humidity is correlated with inside 

temperature. From the figure it can be seen that the relative air humidity increases when 

temperature decreases. And based on the table, it can be seen that the maximum relative 

humidity decreases when the difference between the inside temperature and outside 

temperature increases.  

       Figure 2: Correlation between temperature and relative air humidity [7]  

The recommended values for inside temperature and air humidity in correlation with the 

outside temperature are given in Table 1. 

Table 2: inside temperature and air humidity as a function of outside temperature [5] 

 

� Human activity level and clothing insulation 

The human activity level, qo, (1 met=58.2 W/m2) and clothing insulation (1 clo=0.155 

m2�K/W) are two personal parameters. Inside the vehicle occupants almost haven’t activity. 
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ASHRAE Standard 55 provides a table of met rates for a variety of activities. Some common 

values are 0.7 met for sleeping, 1.0 met for a seated and quiet position, 1.2~1.4 met for light 

activities standing, 2.0 met or more for activities. Normally the value of clo increases with 

thickness of clothing, besides the value also depends on the material of clothing.  

Clothing insulation could reduce the heat loss from body and influence the heat balance, 

which means it could either keep body warm or lead to overheating. Of course if clothing 

doesn’t provide enough insulation, occupants may at the risk of cold injury. By adding or 

removing the layers of clothing occupants could try to adapt the vehicular environment as the 

most direct way.  

 

Human body has different skin temperature of each different part. Clothing insulation 

increases will prevent less heat loss, which means the differences between air temperature and 

skin temperature of each part decreases as Figure 4 shows. 

 

Figure 3: skin temperature of different human body parts versus inside air temperature [8-10] 

.2.3 Other factors  

Thermal comfort in vehicle cabin is combined effect of personal factors-degree activity, 

clothing and journey time, environmental factors-radiant temperature and temperature of 

enclosing surfaces and ventilation factors- air temperature, air speed, air humidity. Besides 

some other factors would also cause variation of people’s physiology and psychology which 

make influences on occupant’s thermal sensation. These factors include shades and glazing, 

coating, light intensity, sun load, noise, vibration, acceleration, inside and outside colors, the 
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size of the vehicle [6, 11-14]. In practice, except the personal factors and environmental 

factors these factors also make a large sense of vehicular thermal environment. For example, 

different coating film leads to a different radiant temperature from external heat. Especially in 

summer a reflective coating film will be more effective preventing from solar radiation than 

the absorptive film. And infrared-reflective films would also improve the driver’s visual 

performance [15]. Another example is that, the traffic noise from trucks, motorcycles and 

engines have considerable effect on people’s health and make hazard on hearing impairment, 

hypertension, ischemic heart disease, annoyance [16, 17]. All these factors make up of what’s 

called “human thermal environment”. For the thermal comfort is hard to give a criterion in 

vehicles, not only because of its higher climatic change rate, but also due to large differences 

between people’s sensitivity. That’s why people have different vote for the same thermal 

environment. The best could be done is to make the thermal environment satisfy the majority 

of occupants. ASHRAE defines that this percentage should be at least over 80% [1]. 

As Radu Musat and Elena Helerea mentioned in their article, thermal comfort is achieved 

when temperature was set between 20°C ~ 22°C, as a result of delimitation areas, humidity, 

air temperature and air velocity in accordance with the activity level and clothing insulation of 

the occupants, by avoiding situations such as the occupants coming into contact with very 

cold or very hot surfaces and also avoiding air currents. These requirements must be met 

throughout the entire year, both summer and wintertime [18]. ASHREA standard suggests 

that the comfortable temperature should be between 20°C~23°C in winter and 22°C~26°C in 

summer [1]. 

The accurate measurements of thermal parameters and analysis are very important. It is 

beneficial for improving the thermal comfort level and optimizes the HVAC system.  

.2.4 Thermal comfort research   

In most of time the thermal environment in indoor building is at steady-state, which means 

each thermal factor is almost independent while measuring. However comparing with the 

indoor thermal environment, the thermal environment inside the vehicles is in most of time 

transient and non-uniform, mainly due to the effectiveness of convective, conductive and 

radiative heat exchange produced by the external load like sun load and internal heating and 

ventilation system. Also in some extreme weather heat balance is influenced by evaporation 

like painting and sweating. Thus the thermal environment in vehicle cabin is very complex 

and difficult to evaluate. 
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So far there are two major methods used in research of thermal comfort in vehicle, which are 

thermal comfort test and numerical simulation. 

Thermal comfort test as defined is making test of different parameters on vehicular 

environment. But comparing with indoor thermal environment, vehicle environment has a lot 

of differences, such as small interior volume, rapid changing parameters due to sun 

orientation, complex shape of interior, large glazing area comparing with cabin surface, 

passengers’ seat surface not coincident with ambient air temperature, passenger not able to 

change position while sitting etc. These differences make the evaluation very difficult. 

Besides local air flow characteristics is changing and thermal sensation on human body 

different parts is different [19]. Thus it’s necessary to analyze the action of each body parts.  

 

Nowadays several tools were developed to apply on the research of thermal comfort which 

making the thermal comfort test much easier and more accuracy. These tools include thermal 

comfort manikin, physiological model und human comfort empirical model. Each model has 

its function and provides accurate feedback while measuring. For example the advanced 

automotive manikin (ADAM) was composed of 120 individually controlled surface zones. 

Each zone has been mounted high- accuracy surface sensor and with heating, sweat 

distribution, dispensing and heat flux gauge function. It was totally simulated as human body. 

The physiological model was used to simulate the human body internal physiology system 

and provide physiological responses. The comfort empirical model is to predict local and 

global thermal comfort based on the collected data from manikin and physiology computes. 

 

Comparing the first method, with the rapid development of computer technology and taking 

the cost of the thermal comfort test into the consideration, the second method – 

Computational Fluid Dynamics (CFD) is more and more widely used to process of vehicles 

research. This method can provide guidance for the design and development of automobile. 

With this method, the passenger compartment of 3D model of car is set up as figure shows 

which add the human body, built a computational grid model, considering the thermal 

radiation and adding the solar ray tracing, calculates by using CFD software –Fluent. The 

thermal comfort of passenger compartment is evaluated by equivalent temperature. Dividing 

the human body into 15 segments, it calculates the heat exchange between each segment and 

surrounding environment. Then design an optimized air conditioning system for the vehicle. 
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Figure 4: CFD analysis in the vehicles with radthermal tool [20] 
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.3 Dissimilarity in urban bus, urban railway and aircr aft 

comparing with car 

.3.1.1 Thermal comfort in Public urban Bus and urban railway 

In the past, the thermal climate on bus is crucial and climate control system is simple and far 

from passengers’ expectation. In some small city, air-conditioning system is not even fitted. 

With this background, thermal comfort problems were easy to be ignored. Most of people 

prefer private car as travel tool. Nowadays with the trend of fuel economy and release the 

stress of the heavy traffic, more and more people select public transportation service. Urban 

Bus as the most regular used public transport tool provides occupants much convenience with 

very low cost. Since the time that passenger spend on them has sustainable grown, how to 

serve a comfortable thermal climate to passengers becomes a big issue. Similar with urban 

bus, thermal comfort in urban railway also increasingly draws people’s attention. In last 

decades, many standards have been set to apply in the thermal regulation of urban railway [21, 

22]. For each parameter the standard has very precisely defined value [23]. 

Differ from the private car; the thermal environment of urban bus and urban railway is more 

unpredictable and undetermined. Mainly due to:  

1. The interior space is bigger. Comparing with the private car the normal bus coach has a 

large space which on one hand provides a good passenger capacity, but on the other hand 

makes the thermal climate more variable. For example high vertical temperature gradients 

and air velocity of recirculation gradient. 

2. Lager glazing area. With large area of window from the front to end, passenger could 

have a good visual field and in winter radiation will contribute our comfort level. But on 

the contrast in summer, with larger area glazing the temperature will increase 2~4 degree, 

which increase the stress of air condition system and discomfort level. 

3. Open/close the door at stop. The figure and table shows, the measurement of different 

point in bus and corresponding value of temperature and air velocity [24]. Thermal 

comfort balance will be broken with opening the door. In this average 20~30 sec duration, 

some passenger get off and some passenger get up which cause a big influence on 

internal thermal condition. From the table it can be seen that it will create strong air 
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turbulence and temperature change. Especially for some specific compartment passenger 

[21], the influence is bigger. Moreover at rush hour the passenger flow is several times 

than usual, which exacerbates the situation 

Table 3: value of temperature and velocity with AC on at bus stop [24] 

     

Figure 5: measuring point in the bus [24] 

Based on these reasons, the evaluation could be quite complex. In order to analyze the 

internal climate condition and make improvement of system, many researches have been 

done with different models, coupled with CFD simulation. For example, zonal and nodal 

models by using equivalent analysis [25], k-ε model and turbulence model [24]. Through 

the simulation and calculation, find the way to solve the problem. 

.3.1.2 Thermal comfort in Aircraft 

Aircraft as the most safety transportation tool becomes more and more popular. Meanwhile 

improvement of thermal climate in aircraft has never stopped. Comparing with other types of 

vehicle, aircraft has different external environment and special requirement on air quality. The 

external environment includes taxiing, take off, cruise and descent. Outside temperature 

ranges from -60degree to over 50 degree. The pressure is from 10 kpa to 100kpa. And relative 

humidity is from 0 to 100%. In order to meet the demand of operating in such an extreme 

condition, the aircraft is equipped with an environment control system (ECS) which ensures 

the safety of passenger and crew and provides a healthy and comfortable thermal 

environment. The ECS system includes cabin air condition, water and sanitation, food, solid 

water and others like fuel tank inertization. The air condition system is used for 

pressurization, ventilation, temperature control and humidity control and also fire protection. 

Except the regular thermal parameter, the pressurization and oxygen control must be well 

controlled when thermal comfort is taken into consideration. Before conditioned air is 

directed to the passenger, the outside air must be pressurized at an acceptable level. The 
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primary purpose to pressurization is to main the oxygen partial pressure at acceptable level. 

Safe range of oxygen partial pressure is 18-40 kPa at the intake. With atmospheric pressure 

decreasing with altitude, either cabin pressure or oxygen fraction should be increased to keep 

oxygen partial pressure within the range. Besides other breathable quality should also be in 

range [26]. 
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.4 Heating, ventilation and air conditioning system 

(HVAC) 

.4.1 What is HVAC system  

Nowadays air conditioning system as basic standard equipment of automotive climate control 

has been installed in all automobile. The demand for more comfortable and luxury vehicular 

thermal environment has led to a promotion in vehicles thermal control. 

Heating, ventilating, and air conditioning system was first introduced in the early 1960s and 

now is available in most high-end vehicles. It is based on inventions and discoveries made by 

Nikolay Lvov, Michael Faraday, Willis Carrier, Reuben Trane, James Joule, William Rankine, 

Sadi Carnot, and many others [27]. 

HVAC system is a technology of climate control in indoor building and vehicular thermal 

environment. It is designed for provide constant fresh air and controlling the interior 

temperature by cooling or heating, meanwhile meet the comfort demand of the occupants. It 

also plays a significant role in interior safety by clearing the fog, mist and moisture from the 

windshield and window. It includes three functions, namely heating, ventilation and air 

conditioning. These three function are interrelated and work together to provide the occupants 

a comfortable temperature and good air quality no matter in summer or in winter. Thermal 

comfort could be obtained by relying on the perfect performance of HVAC system. 
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.4.2 HVAC system in car 

 

Figure 6: Modern HVAC system [28] 

The figure above shows 3D model of a typical modern car with HVAC system. From the 

figure, it can be seen that the ventilation vents and ducts in the vehicles. 

HVAC system is comprised of frontend and backend. The frontend consists of mechanical 

electronic switches located in the dashboard. The backend of the system comprises one or 

more blower motors, actuators (for fresh air circulation control, air-flow control and 

temperature control), and air conditioning unit coupled with many ducts through which air is 

transferred to the cabin. 
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Figure 7: Dashboard-Front end of the cab [29] 

As the above figure showed, the HVAC system is controlled by a set of switches located on 

the dash. They control: 

• Outside air or recirculated air 

• Air flow mode control 

• Fan speed 

• Air temperature 

• HVAC operation. 

Outside air 

When the air control is set to fresh, outside air enters the inlet in the front end due to the 

negative pressure while car’s moving or by mechanical. Then air goes through the vents to the 

cabin, where it is exhausted through a flap, located in the rear of the passenger compartment, 

to the outside. 

Before the air enters into the interior of cabin, it must be through a filter in case of dust, dirt 

and pollen entering the cabin. A well-performed filter will at mostly guarantee the air quality 

and passengers’ safe. Sometimes when the air flow is not adequate, the air need to be directed 

to the electric fan firstly.  

Recirculated air 

When the air control is set to recirculate, the air will not entry from outside, instead of that the 

air in cabin will be directed from the duct to the fan. Then the fan operates to recirculate the 

air to the cabin. 

Mode control 
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Figure 8: model control [29] 

The figure shows the model switch of a cabin. By choosing the mode, the desired air outlet is 

controlled. The ventilated air is directed to the outlet by ducts and control doors. Depending 

on different vehicles, there are different modes of air outlet. From the above figure, four 

modes are given, which includes air flow to the upper body, air flow to the upper body and 

feet, air flow to the feet and air flow to the feet and the windshield defogger operates.  

 

Figure 9: Front outlets [29] 

Through 1 the direction of air flow is controlled and through 2 the vents open or close is 

controlled. 

Fan speed 

 

Figure 10: Fan speed (from low to high) [29] 

The Fan Speed button controls an electric motor which forces air at the chosen speed through 

the ducting into the passenger compartment, via the heating and cooling components. 

Air temperature 

By setting the desired temperature, the control system will automatically heat or cool the air, 

and activate the fan until the vehicle reaches the target comfort level, and then maintain it in 

that condition. 
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As figure shows, the temperature and humidity sensors are placed in the cabin. These sensors 

continuously read the temperature and humidity values of the area and feed it back to the 

microcontroller (MCU). These readings are then compared by the MCU to the defined value 

by the occupants and then the heating or cooling is adjusted appropriately. 

 

Figure 10: MCU climate control [30] 

 

However sometimes the desired temperature is not occupants’ real wanted or the occupants 

prefer a lower or higher temperature, then they could manually adjust the heating or cooling 

and fan speed until the comfort level. 

In the past, occupants had to bear the single temperature setting which would not meet 

everyone’s demand. Some may fell cold and some may fell hot. Nowadays with advanced 

automatic climate control the divided zone climate control has been applied. In this type of 

implementation, each occupant can adjust the temperature of the seating area in which he or 

she is seated (see figure below). 

  

Figure 11: Dual type air conditioner installed in both of the front and rear end [31] 
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Each area within the defined zones has a separate temperature sensor that reads the current 

temperature of the specified area. Each temperature sensor data is compared to the 

temperature setting defined for the particular zone and the appropriate cooling or warming 

action is initiated. 

An automatic climate control system also includes a computer that regulates the entire air 

system within the compartment. This is achieved by regulating the fan speed, engagement of 

air conditioning compressor, and overall air temperature to be disbursed into the compartment. 

Typically, these processes are integrated into the overall computer system within modern 

automobiles. 

 

Defogging 

  

Figure12: Front and rear defogging button [29] 

By pressing the defogging indicator to turn on the defogger on the front windshield, rear 

window and outside view mirror. This function increases the driving safety. 

Air conditioning operation 

The principle of air conditioner is removing heat by liquid evaporation with help of the 

refrigerant. The function of air conditioning is temperature control, humidity control, air 

purification and air circulation. Through these functions the interior vehicular thermal 

environment could reach the comfort level. 

Fresh air enters the vehicle through vents in the area of the base of the windshield. The air is 

drawn into HVAC module by the blower motor. The air is then routed to the heater core to be 

warmed or through the air conditioning evaporator to be cooled. It is then directed by air flow 

controls to the area requested by the operator. The air can be discharged to the windshield, in 

defroster mode, to the floor, in heater mode or through dash vents in A/C or vent position.  
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.4.3 HVAC problems in cars 

HVAC system plays an important role to keep people in a good mood while driving to their 

destination. But when system or any of actuator breaks down, people have to endure a 

miserable thermal environment. Thus how to find and solve the problems after they appeared 

becomes very important.  

The common problems are  

� air conditioner blows hot air 

This problem may cause by many reasons. For example: the refrigerant is low or running out; 

the compressor stop working; the system work not properly. When one of above reason 

happens, the temperature of air flow will not reach the desire level which makes thermal 

discomfort. 

� refrigerant leaks or low refrigerant level 

This is most common problem in air conditioner. With time goes on, refrigerant can run out 

on its own or leak in AC compressor or its hoses. The leakage will cause moisture and air 

enters to the system which results in the damage of compressor due to the moisture reacting 

with refrigerant to produce acids and sludge. The leakage could be found by using a can of 

leak detector. 

� bad odor 

Odor inside the vehicle may result from lots of reasons. If the odor smells like mildew-like 

musk, the floorboard may have a leakage which letting rain to splash inside. When carpet is 

wet by splash rain or sewage and then it will grow mildew and mold rapidly, especially 

without ventilation. Besides the filter of air conditioner could dampen with condensation 

which cause moldy and this moldy odor will be blowing into the interior. Moreover the 

gasoline odor is also a serious problem. Although the engine exhaust leak happened very few, 

it could be the most serious one. When car’s moving, this gasoline odor will be drawn into the 

vehicle and becomes very hazardous to people’s health. 

� noise in the air conditioner 

Most people will complain about the noise in the air conditioner and even confused about 

how system could make the noise. Drive belt noise is perhaps the most common noise. This 

noise could be developed when the belt with a malfunctioning tensioner stretch out. Bad 

compressor clutch bearing can also make noise. In order to avoid the hidden risk of this 

problem, check the compressor, compressor clutch, fan belt at fixed time to see if they work 

properly. 
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.5 Discussion 

Through the basic introduction of thermal comfort theory we’ve known that thermal comfort 

is controlled by heat balance equation. This equation is affected by many factors which 

including environment factors, personal factors and some other factors as mentioned above. 

Any variation of these factors will influence the thermal sensation of occupants. In private 

cars the occupants often suffer from the relative small space, local thermal comfort due to the 

direct contact between the human body and cold or hot seat surface, thermal radiation in hot 

summer, too large or irregular air movement, sultry weather or dry sensation etc. This 

situation is similar or even worse in urban bus and urban railway. High vertical temperature 

gradients, large thermal radiation due to the large area of window, constant variation of 

passenger flow, all of these will make the thermal comfort hard to achieve. Based on these 

problems many improvements have been made in last decades. For example: widen the 

vehicle to give occupants more space; by coating film reduce the thermal radiation. What’s 

more, the HVAC system was built to improve this uncomfortable thermal environment. 

HVAC system is a technology of climate control in vehicular thermal environment. It could 

provide constant fresh air and control the interior temperature by cooling or heating, 

meanwhile meet the comfort demand of the occupants. Through the research of thermal 

comfort in vehicles the well-defined values of thermal parameters were set in HVAC system 

to regulate the thermal environment. In the present advanced HVAC system the data will be 

continuously read by the sensor and adjust heating or cooling by comparing with defined 

value. Moreover occupants could adjust by themselves when the system fails. Nowadays in 

order to meet the demand of thermal comfort for most occupants the divided zone climate 

control technology has been developed. By this type of system each occupant could choose 

their own preferred temperature setting. In addition HVAC system also plays a significant 

role in interior safety by clearing the fog, mist and moisture from the windshield and window.  

 

 

.6 Conclusion and Foreground  

The present work gives a basic understanding of thermal comfort research and HVAC 

systems in cars. Thermal comfort is affected by six factors: air temperature, air velocity, 
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relative humidity, mean radiation, human activity and clothing insulation. Besides it is also 

influenced by other factors as article mentioned. Through the measurements and analysis of 

thermal factors, give the defined value where thermal comfort could be reached. Meanwhile 

with quantitative analysis like air distribution, air quality with numerical model, could find 

the better way to improve the design of HVAC system. And finally get a perfect-deigned 

HVAC system which could bring the occupants a comfortable thermal sensation. In the future 

more research should be done on improving efficiency of HVAC system with the fuel 

economy and decreasing the local discomfort level. At the same time more standard should be 

set to regulate the climate control system in vehicles like urban bus and urban railway. More 

attention should be drawn on thermal comfort in public transportation system. 
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