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Abstract: Like a moving building, a train’s outer 
meteorologic parameter will change a lot with the local 
meteorologic parameter on the way. In this paper, we 
put forward the design method of the typical design 
period and some dynamic energy-saving ways to solve 
the problem. These methods consider the dynamic 
changes of the outer environment when the train is 
moving, which will supply the theoretical basis for the 
calculation of the dynamic load and real-time running 
and regulation of the train's air-conditioning. 
Modifications to the air-conditioning system and some 
advanced air conditioning systems are introduced, 
which are helpful for system optimization. In this paper, 
based on analysis of the characteristics of the air - 
conditioning system in foreign high speed passenger 
cars and demands for its acceleration, developing trends 
for air - conditioning systems for high speed passenger 
cars are pointed out and some advice is put forward. 
Above all, we should not only satisfy the comfort need 
of the passengers, but also succeed in saving energy. 
Key words: train air-conditioning; fresh air volume; air 
flow organization; high speed passenger train 
 
1. THE PRESENT STATUS OF OUR TRAIN 
AIR-CONDITIONING  

Since the 80’s of the 20 century, the train 
air-conditioning has gotten a rapid development in 
our country. At present, the train air-conditioning, 
which is usually the top unit air-conditioning, can 
satisfy both the coldness supply in summer and the 
heat supply in winter basically. In fact, this system 
supplies a more comfortable environment for the 
passengers. However, compared to the advanced 
countries, our train air-conditionings still have many 
problems. The energy source problem, as one of the 
most important one, is certain to be a hot topic. 
According to the statistic, the power consumed by 

air-conditioning is about 70 % of the total power 
consumption, which has been a key one to the 
energy-saving problem in this field. Now the 
energy-saving problems of the train air-conditioning 
will be discussed in this text. 
     
2. THE EXTERNAL AFFECTED FACTORS 
2.1 The Dynamic Energy Conservation of the Design 
Parameter  

As a moving building, the train is different from 
the normal ones. Its outside meteorologic parameter 
varies quickly. So the temperature, humidity and 
solar radiation may change a lot on the way. It is 
noticeable that the worst- outside computing 
parameter is used as the outside computing parameter 
in the train air-conditioning. It is undoubted that this 
design method consumes more energy. If the 
meteorologic parameter along the jury can be 
considered synthetically, it will play an important part 
to the energy conservation of the train 
air-conditioning. (If the train is moving in the same 
area, its meteorologic parameter is the same as the 
normal buildings) 

Additional, the short periodicity should also be 
considered. If we still use the routine calculating 
method of the load in the canonical design days, 
which unsure the historical hours, it already can not 
satisfy the design need of environment system. Even 
though, we can follow the same principle, and present 
the conception of canonical design periodicity, which 
unsure several time-intervals in the round-trip 
periodicity of the train. In this method, a canonical 
run periodicity is used as 

)22515()](t)(t[)(t)x,(t p,wmax,wp,ww −−+= τττττ cos   

(1-1) 
Thereinto:  
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(w pt , ,τ )x — the outdoor design mean daily 

temperature of the train in the τ  hour and x district, 
℃； 

(w maxt , , )xτ — the outdoor design maximum 

temperature of the train in the τ  hour and x 
district, ℃. 

)22515()](t)(t[)(t)(t p,wmax,wp,ww −−+= τττττ cos  

(1-2) 
design periodicity according to the peculiarity of 
the outside meteorologic parameter. In the 
canonical design periodicity, the outside 
meteorologic parameter varies as not only the 
season and the time, but also the run areas. So we 
can suppose that it is approximately continuous, 
and can be show as a continuous function. The 
outside hourly temperature can be described as 
continuous temperature pattern as Equ.1-1: 

The relation between the position and the time 
of the train is definitely corresponding. So the current 
position can be determined by the run time, and can 
be described as Equ.1-2: 

 In the canonical design periodicity, the other 

outside hourly meteorologic parameter such as 
humidity, intensity of solar radiation, air speed and 
wind direction and so on can be got by the same way. 
The conception of the canonical design periodicity 
has put forward a way to calculate the dynamic 
outside meteorologic parameter. Using this method, 
we can know the refrigerating output of the train 
air-conditioning unit and can do real-time adjustment 
according to its regularity. 
2.2 The Dynamic Adjustment to the Top of the Train 

Compared to the normal buildings, the solar 
radiation influences the load more greatly, because 
there are no other barriers to shade the sun. So 
shielding the sunshine when in summer and bringing 
it in when in winter to adjust the continuous cycle of 
temperature change is an important measure for 
energy conservation. Now the top of the train usually 
concludes 2mm thick steel plate, 70mm thick 
insulating layer and 5mm thick plywood. The 
structure can play the heat-insulating effectiveness in 

some way, but it is far from satisfaction. There is a 
new energy conservation method, namely cooling 
roofs.  It is a kind of roof reducing the load of the air 
conditioner in summer by installing controllable sheet 
and brushing a kind of bright paint with high with 
high reflectivity on ordinary roofs. So it helps reflect 
solar radiation in summer and to decrease indoor 
cooling load. 

 
3. THE INNER AFFECTED FACTOES 
3.1 The Probability Analysis of Temperature and 
Humidity Independent Control System in Train 
3.1.1 The dynamic control of the fresh air volume   

The frequency train air conditioner can 
self-regulate the ventilation quantity and the 
refrigerant flux according to the change of the climate 
and the amount of the people. It can keep the indoor 
temperature invariable, and improve the indoor 
environment and the comfort. In addition, the system 
avoids the long-period high load running of the air 
conditioner. So it can decrease the running cost and 
elevate the economic performance for the train 
department. At the same time, it reduces the exhaust 
pollution and satisfies the need of the endurance 
development of the environment, so it plays an 
important role to the energy saving. If the variable 
volume system is used, the deficiency of the constant 
volume air conditioning system can be released in a 
certain extent. But the problem is that the heat load 
and the fresh air volume will fall when there are more 
people in winter. The shortage of the fresh air and the 
excessively high concentration of the carbon dioxide 
and other noxious gases will make passengers feel 
uncomfortable. For example, they may feel chest 
distress and dizziness and so on. The temperature and 
humidity independent control system, which makes 
up the shortage of variable volume system, can make 
the fresh air volume change with the number of the 
passengers. Besides, this system only needs to satisfy 
the need of the fresh air and the humidity, so the 
delivery volume is less than the volume of variable 
volume system. 

Because the system controls the temperature and 
humidity independently, the cooling water supply of 
its sensible heat system is 18℃ instead of  7℃, 
which is the temperature of the routine 
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air-conditioning system. So the natural source can be 
used. Even the mechanical refrigeration mode is used, 
the coefficient of performance of the refrigeration can 
be improved greatly. Additionally, the temperature of 
the water is higher than the indoor dew-point 
temperature, so condensation trouble and the exhaust 
condensate can be neglected.  
3.1.2 Controlling the humidity 

The function of the present air-conditioning 
system mainly controls the temperature of the 
carriage. In summer when the train runs in south, the 
air-conditioning unit operates in the cooling and 
dehumidification condition. After the air is handled, it 
will become cool and dry. But when the train runs in 
north ( especially the northwest districts) , where the 
environment humidity is very low, the air in the 
carriage will become drier after handling. In winter, 
the electric heating only controls the air temperature. 
After heated, the higher the air temperature is, the 
lower the relative humidity is. The problem is heavier 
in north than the other districts. For example, the 
climate is dry and cold in winter. The outdoor 
temperature is － 7 ℃, and the relative humidity is 
60%. When the air temperature is heated to 22 ℃, 
the relative humidity will fall to 8%. If the indoor air 
is too dry, the passengers will feel 
uncomfortable—xerosis cutis, xerostomia, disease of 
respiratory system. So the humidification of the train 
air conditioner in winter should be emphasized.  
The pursuit in temperature is the basis of a sacrifice 
of moisture control. To improve this situation, the 
temperature and humidity independent control system 
is an effective way. There are two independent 
systems to control the temperature and the humidity.  

The fresh air affords the indoor excessive 
humidity, so the system can satisfy the need of the 
vary heat humidity ratio and deal with the problem of 
the routine air conditioner system, which can not 
meet the need of the temperature and humidity 
parameter at the same time. However, the 
temperature and humidity independent control system 
can avoid the humidity to be low. And in the system 
of processing latent heat, for the temperature can be 
neglect ,some more energy-saving dehumidify ways 
can be found.  
3.1.3 The choice of the terminal system 

 To assure the safety of the train, the integral 
height of gravitational center is certain to request 
more strictly with the development of the train’s 
velocity. So if the ceiling cavity for the wind pipe and 
the other equipments can be decreased, it will be very 
helpful to lower the gravity center of the train. 
Besides, there are usually two systems to separately 
use in winter and summer. The electric heating is 
used to heat in winter, and the air conditioner to 
refrigerate in summer. This mode not only takes up a 
lot of spaces, but also increases the investment of the 
equipment. Now pointing to the characteristic of the 
terminal equipment of the temperature and humidity 
independent control system, we discuss the 
probability of its using in the train.    

Because the latent heat load of this system is 
afforded by the fresh air, the sensible heat can be 
realized by the cold source with a higher temperature. 
And many modes such as radiation and convection 
can be used. When indoor design temperature is 25℃, 
the roof radiation can meet the need of the protection 
structure and the indoor heating value. Because every 
per radiation surface can remove sensible heat for 
40W/m2, even if the average cooling water 
temperature is 20℃. Additionally, the dry fan coil can 
be used. Because there is no condensate, the 
installation mode and the structure of the dry fan coil 
can be completely different. So not only the first cost 
will be reduced a lot, but also the ceiling cavity will 
be saved. The air supply parameter of the fresh air 
doesn’t change in winter, and the fresh air still 
controls the indoor humidity and the concentration of 
CO2。If the hot water runs in the radiant panel and the 
dry fan coil, the system will supply heat. So the 
terminal system is enough. The space of the train is 
limited, and the request to the center of gravity is 
strict. Undoubtedly, it is of great helpful.   

 
4. THE FOREIGN ADVANCED 
EXPERIENCES 

Pointing to the characteristic of the train air 
conditioner, we have discussed some energy-saving 
ways. In fact, in some foreign countries, especially 
those have advanced railway technique, for example 
in Japan, Germany, and France and so on, the train air 
conditioner system develops very quickly. The types 
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of the air conditioner system are more, and the 
technique is more advanced. So we can learn from 
those countries. 

(1) Supplying air from the top though the 
top-center duct, diffuser and slotted air supply duct is 
the main trait of the Japanese train air conditioner 
system. Even the air-conditioning system and the 
forced draught blower are set below the train, the air 
is sent to the top duct though the uprightness duct in 
the curb wall.    

(2) The trait of ventilating system of the TGP 
bullet train is as follows: the air-conditioning system 
is set below the train, and the ducts are set on the two 
side of the floor. The air is supplied though the 
persuaders below the windows. 

(3) The trait of the German train ventilating 
system is also to supply air from the top. The supply 
terminal is usually porous sheet. The split system air 
conditioning unit is used and the fresh air handling 
unit is installed on the top. 
 
5. THE NEW REQUESTS TO THE TRAIN 
AIR CONDITIONING THAT THE 
ACCELERATING TRAIN BRINGS IN  

With the development of the accelerating train, 
some new requests must be put forward. So we not 
only bring in the foreign advanced techniques, but 
also develop feasible air conditioning system 
according to the practical situation of our bullet train. 
Only in this way, the indoor air parameter and indoor 
air quality can be pleased, and the comfortable 
environment can be created for the passengers.  

(1) Because the bullet train runs very fast 
(usually faster than 200 km/ h), the center-of –gravity 
position must be low enough to assure the safety. The 
installation site of the air conditioning system should 
be as low as possible, so that the gravity of the train 
can be lowered. Supplying the air from the top can 
lower the installation of the ducts and the end 
equipments. Besides, the installation of the system 
should be regulated to match the shape of the train, so 
that the resistance and power consumption can be 
reduced. 

(2) The requests to the indoor comfort 
The increase of the speed causes two problems. 

Firstly, there will be more air to penetrate into the 

train though the slots of the doors and windows, 
which may make the passengers feel the cool air 
blowing. Secondly, when the trains contact with each 
other or go though the tunnels, the outside pressure 
will change greatly and abruptly for the increase of 
the speed. So the indoor pressure will fluctuate 
obviously, and go beyond the requests of the pressure 
rangeability and the pressure change rate (usually the 
pressure rangeability should be no more than 1000Pa, 
and the pressure change rate should be no more than 
300 Pa /s). Else, the eardrum of the passengers will 
feel sick. However, the adverse effect can be 
eliminated by improving the gas tightness of the 
doors and windows, or dividing to protect. For 
example, increasing the draught excluder strip, using 
multi-ply glass (usually triplex glass is used in 
foreign countries) and setting the pressure protective 
devices and so on. 

(3) The favorable regulating performance of the 
air conditioning system  

The bullet train is usually divided into several 
small spaces, the air parameter of which should be 
control independently. Besides, the outdoor 
temperature and humidity vary greatly along the 
different areas. So the regulating performance of the 
air conditioning system must be good enough to 
adjust the need of the different work condition. 

 
6. CONCLUSION 

As an important transport, whether the train air 
conditioning system is proper or not, affects not only 
the indoor comfort, but also the energy consumption. 
So we should search the proper air conditioning 
system and new resource actively, so that the train air 
conditioning in the future can develop toward the 
energy saving, clearness and pollution-free direction. 
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