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Abstract 

This paper analyzes the theories of ventilation and heat transfer of subway environmental control system, and a relevant network 
model of subway lines has been built. Based on this model which can calculate air volume and thermal load of subway lines, the 
air flow distribution in each area of station under closed ventilation condition, opened ventilation condition, minimum fresh air 
condition, night ventilation condition and obstruction ventilation condition has been simulated, and the influence of open or close 
piston duct and bypass duct, mode of air supply and exhaust, air temperature in station hall and platform, minimum fresh air of air 
conditioning and VRV system of equipment room on the thermal environment has been studied. Finally concludes the specific 
affection of these factors to energy consumption of subway environmental control system and temperature of tunnel, and optimizes 
the operation scheme for subway environmental control system in different period and seasons. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 10th International Symposium on Heating, Ventilation and Air 
Conditioning. 
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1. Introduction 

As the rapidity and convenience of urban rail transport system, there are more and more people travel by metro. It 
has a great significance to carry out researches on energy conservation of the environmental control system, as it has 
made a great contribution to energy consumption of the metro [1][2][3][4][5].There are many factors affect energy 
consumption of the environmental control system, Hu and Lee [6] found that the PSDs was able to isolate the piston 
wind so that decreased the air conditioning load. Zhao [7] found that the effect of energy conversion became more 
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remarkable when adjustable louvre was added to the PSDs. And he also discussed the application of frequency 
conversion technology in metro for energy conversion one year ago[8]. Liu and Deng [9] used the demand control 
ventilation method to regulate the environmental control system of station with island platform and analysed energy-
saving effect. Liu [10] found multi-objective optimization control strategy can not only saved energy effectively, but 
also improved the station air quality. M. Vaccarini [11] used model predictive energy control to adjust the ventilation 
system and concluded that it improved the air quality while reducing the ventilation energy consumption effectively. 
However, the previous researches mainly aimed at a single influencing factor of energy consumption of environmental 
control system, or just use the control method to optimize the system, but did not consider the synergistic effect of 
multi- factors. Base on the specific impacts of multi- factors on energy consumption of environmental control system, 
this paper formulates an innovative energy saving operation scheme. 

2. Methods 

 The subway line to be studied is Metro Line 1 of Nanjing, the Subway Thermal Environment Simulation Software 
(STESS) was used to establish the network model of the subway line to simulate the thermal environment of tunnel 
and station, and then to optimize the operation of the environmental control system. 

2.1. Theoretical model  

The ventilation of the subway system is a three-dimensional model, and it’s very complicated to calculate, but 
when it was treated as one-dimensional flow, the problem will be simplified [12]. For a certain constant section pipe, 
the one-dimensional flow momentum conservation equation is 
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Where iV is flow rate of branch i (m/s), τ  is the time (s), ipΔ is pressure difference between outlet and inlet of 
branch i  (Pa), iρ  is density of air (kg/m3), iL  is Branch length (m), and xif is the mass force which consists of three 
parts 
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                                                                                            (2) 
The first part is the pressure produced by fans or pumps, the second one is the pressure loss caused by the flow 

resistance, and the last one is the floating force caused by the density difference between the fluid in the pipe and fluid 
outside. The equation (2) generation into (1) 
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Where iDH is the fluid pressure of branch i  (Pa), iW and Gi  are mass flow rate (kg/s) and Volume flow rate (m3/s) 

respectively, iS  are Branch impedance (pa/(m3/s)), ZΔ is height difference between outlet and inlet (Pa), B and E  
are both Constant matrix. 

As to the solution of the model, the MMKP method is suitable for ill condition, and the RKS3-4 [13] iterative 
method is suitable for the opposite condition. 

The heat storage of the surrounding soil must be considered while calculating heat transfer of the underground 
space, so the differential equation of heat conduction can be expressed as 
 

0 00 0( ) ( )
0 1, 0 0 2, 0 0

1 1
( ) ( ) ( ) ( )j j

n n

W j a a j s
j j

q W e t d W t W e t d K t
τ τμ τ τ μ τ ττ τ τ τ τ τ− − − −

−∞ −∞
= =

= ⋅ + + ⋅ + ⋅                              (4) 

Where 0( )Wq τ  is heat transfer between soil and air (W), at and st are air temperature (℃) of tunnel and of 

outdoor (℃) respectively, 1, jW  is the number j reaction coefficient of at , 2, jW is the number j reaction coefficient 
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of st , jμ is the number j eigenvalue vector quantity of state space, and 0K  is the effect of constant boundary on the 

heat flow, 0t  is the boundary temperature (℃). 
Based on the result of the wall heat transfer, the whole Heat transfer network model can be established. Each node 

of the network represents a value of temperature, it is an unknown value for each inner node, while, it is known for 
the boundary. The time is divided into several segments, each of which is defined as τΔ , the object of solution 
includes sub-branches and nodes. Then the heat balance equation of sub-branch K is 

, 1 , 1 , 1 , 1( ) ( ) ( ) 0ρ ρ+ −
− + − +− + − + + Δ =p i i k i k p i i k i k sk wk Kc G t t c G t t q q X                                     (5) 

Where p ic Gρ +  is the product of the mass flow rate and the heat capacity entering from the left node of the branch 

i (W/K), p ic Gρ − is the product of the mass flow rate and the heat capacity entering from the right node of the branch 

i (W/K), iG+  is the air volume flow to node i (m3/s), iG−  is the air volume flow from node i (m3/s), , 1i kt −  and , 1i kt +

are the temperature of sub-branch K-1 and K+1 respectively(℃), skq  is the heat produced by unit-length heat source 

of sub-branch K (W/m), wkq  is the heat produced by unit-length wall of sub-branch K (W/m), KXΔ is the length of 
sub-branch K (m). 

And the heat balance equation of node i  is 

1 1 2 2 3 3 1 2 3( ) iG t G t G t G G G t+ + + − − −+ + = + + ⋅                                                                                                      (6) 

Where it  is the temperature of node i (℃). As to the solution of Heat transfer network model, it can change the 
model into matrix, then the problem could be solved by means of matrix. 

2.2. Ventilation modes  

According to the design requirements, there are 5 kinds of ventilation modes which includes closed ventilation 
mode(CVM), opened ventilation mode(OPVM), minimum fresh air mode(MFAM), night ventilation mode(NVM) 
and obstruction ventilation mode(OBVM) and 9 kinds of corresponding ventilation plans. The CVM requires all 
mechanical ventilation shafts are closed, only lets the passenger entrances and exports connect with the outside, and 
just make use of the piston effect to ventilate. The OPVM mainly uses fans to directly force the air to flow or use 
piston effect for air exchange when the piston shaft is opened. The MFAM uses air conditioning blower for air supply 
when all mechanical ventilation shafts are closed, and the fresh air supply can be set as 20,000m3/s, 40,000m3/sand 
60,000m3/s. The NVM uses the TVF   at night to introduce fresh air into the station and tunnel to cool the metro 
system. The OBVM is an emergency ventilation method when the train is blocked in the tunnel. The ventilation system 
needs to provide a certain amount of air supply and air exhaust to make sure the air conditioning condenser of the 
train continue to operate effectively. The specific ventilation modes are shown in Table 1. 

Table 1. Ventilation modes of the environmental control system 

No. Ventilation modes 

1 CVM  By pass duct opened(BPDO) 

2 By pass duct closed(BPDC) 

3 OPVM  Piston ventilation(PV) 

4 Air conditioning fans supply(ACFS) 

5 Air conditioning fans exhaust(ACFE) 

6 TVF ventilation(TV) 

7 MFAM 
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