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Analysis on setting airshaft at mid-tunnel to reduce transient
pressure variation 
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Abstract: Setting airshaft is one of the methods efficient to control the aerodynamic effects on a train traveling through 
a tunnel. By using numeral simulation, analysis is carried out on the effect of airshaft on transient pressures generated 
in cabin. After setting airshaft, the magnitude of pressure fluctuation in cabin is reduced nearly 40%. By analyzing the 
role of airshaft in alleviating pressure fluctuation, a formula to determine the optimal airshaft position is deduced.
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1 Introduction 

hen a high-speed train passes through a tunnel, 
compression wave and expansion wave will be 

generated and transmit to and fro, resulting in micro-
compression wave radiation at tunnel exit and pressure 
fluctuation in cabin [1-3]. To deal with this situation, 
considerable efforts [4-8], such as improving cabin’s 
airproof parameter, enlarging the cross section of tunnel, 
building hood at tunnel entrance, have been made to al-
leviate the aerodynamic effects in the process of railway 
passing through tunnel. A desirable structure for a long 
tunnel is in the form of two shorter tunnels connected by 
pressure relief ducts [9]. Besides, airshaft is generally 
installed to reduce pressure intensity [10-11].

To control aerodynamic effects, most studies [5-6,8, 
12] focused on the micro-compression wave at tunnel 
exit. In fact, the pressure fluctuation in cabin will reduce 
the comfort and even jeopardize passengers’ health; thus 
ameliorating the transient pressure in cabin is an impor-
tant topic. 

When a high speed train enters into a tunnel, the com-
pression wave is generated ahead of the train due to the 
piston-like action of tunnel entry motion. The compres-
sion wave, named the micro-pressure wave, is released to 
the atmosphere in the form of a pulse-like wave. The 
compression wave also arouses pressure fluctuation in 
cabin, which is called transient pressure. To relieve the 
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intensity of the booming noise, many methods have been 
put forward, for instance, the installation of tunnel en-
trance hood, side tunnel branches, and shelters with slits 
linking adjacent tunnels [13]. Sealing carriage can realize 
the goal of reducing transient pressure and improving 
passengers’ comfort. In practice, however, complete seal-
ing of a train body is not possible because the air condi-
tioning and ventilation systems are equipped on train. 
Thus, the large amplitude pressure variations on the train 
body when traveling inside tunnel can penetrate into pas-
senger’s room, often leading to ear discomfort in passen-
gers [14-16]. This situation will be more severe at higher 
speeds. The passenger’s ear discomfort inside train is, in 
general, associated with the magnitude of pressure varia-
tion, the rate of pressure variation, the direction of pres-
sure variation, etc. [17-19]. In actual high-speed railway 
trains, special ventilation systems are usually adopted to 
alleviate the pressure variations. By using a fan blower, 
this ventilation system controls the rates of air flowing 
into and out of the train, according to the pressure varia-
tions occurring inside the train. The pressure variation is 
proportional to the square of the train speed [18-19]. The 
ventilation system may not be powerful to reduce the 
pressure variations as the train speed increases. In order to 
alleviate the pressure variation inside the train, several 
control methods have been investigated, including using a 
damper system, a continuous ventilation system, and a 
continuous ventilation control system [18-19]. All of 
these methods can control the magnitude and the rate of 
the pressure variation inside the train. 

In addition to controlling the pressure variation, 
building subsidiary construction in tunnel can also 
lessen the intensity of the pressure variation. In this pa-
per, we use numeral simulation method to analyze the 
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compression wave transportation process in a tunnel, 
and compare the transient pressure variations in cabin 
with airshaft and without airshaft in the tunnel. 

2. Governing equations 

During the course of a high-speed train passing 
through a tunnel, the boundary conditions are changed 
with time. The dynamic meshing needs to be applied in 
the simulation model. 

The integral form of the conservation equation for a 
general scalar, , on an arbitrary control volume, V, with 
moving boundaries is written as [20] 
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where  is the fluid density; u is the flow velocity vec-
tor; gu  is the grid velocity of the moving mesh; is the 

diffusion coefficient; S  is the source term of ; V
represents the boundary of the control volume V.

Using a first-order backward difference formula, the 
time derivative term in (1) is written as
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where n and n+1 denote the respective quantity at the 
current and next time level. The (n+1)th time level vol-
ume Vn+1 is computed from
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where dV/dt is the derivative of the control volume with 
respect to time. In order to satisfy the grid conservation 
law, dV/dt is computed from 
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where nf is the number of faces on the control volume 
and jA  is the j face area vector. The dot product 

,g j ju A  on each control volume face is calculated by
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where jV is the volume swept out by the control vol-
ume face j over the time step t .

Here, we chose the large eddy simulation model 
(LES) and pressure-far-field boundary conditions to
model a free-stream condition at sites far away from 
tunnel entrance and exit. The transmission medium is 
assumed to be ideal gas.

3. Airshaft effects

3.1. Calculation parameters 

The parameters of the railway, the tunnel and the air-
shaft are shown in Table 1. To analyze the effects of the 
shaft area on peak pressure at train body, the calculation 
results under different shaft open ratios will be given. 
The grid mesh at the tunnel entrance and train head is 
shown in Fig. 1. 

At the initial time, the train is 100 m away from tun-
nel entrance. Along the tunnel, three test points are se-
lected to be respectively 150, 350, and 500 m away from 
the tunnel entrance (the pressures at these points are de-
noted by P150, P350, and P500). The pressure at the cabin 
surface is monitored in order to show the pressure fluc-
tuations in the cabin. 

3.2. Calculation results 

Without airshaft, the transport of the compression 
wave, the expansion wave, and pressure fluctuation at 
the train body are shown in Fig. 2 and Fig. 3. After set-
ting shaft, their transport processes are shown in Fig. 4 
and Fig. 5.

Table 1  Calculation parameter

Carriage parameter Shaft parameter 

Condition Tunnel
length LT (m)

Tunnel
area AT (m2) Speed 

V (km/h)
Area (m2) Length (m) Shaft position Open ratio 

(%)

– – 

14700 65 300 12.7 50 200 m to tunnel 
entrance 25

Note: shaft open ratio=shaft open area/tunnel free cross-sectional area 
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(a) (b) 

Fig. 1  The grid meshes at the tunnel entrance and train head

Fig. 2  Compression wave transportation process in tunnel (without shaft) 
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Fig. 3  Pressure fluctuation at train body (without shaft) 
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Fig. 4  Compression wave transportation process in tunnel (shaft open ratio=14%) 
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Fig. 5  Effect of shaft open ration on pressure fluctuation at train body (with shaft) 

The difference of aerodynamic effects between the 
cases with and without airshaft is shown in Table 2.  

At the train body, the first peak pressure occurs at the 
moment the train enters the tunnel. And the first nega-
tive peak pressure appears when the train encounters the 
expansion wave reflected from the compression wave at 
the tunnel exit. When the compression wave passes 
through the airshaft, energy is released and the peak 
value of the compression wave drops. From P150 to P350,
the peak value of the compression changes from 3.2 to 
2.1 kPa. The reduction rate is nearly 40%. 

As shown in Figs. 3 and 5, the compression wave re-
flected from the tunnel exit induces the negative fluctua-
tion at the train body. Optimization on the airshaft posi-
tion enables the expansion wave to pass through airshaft 

before encountering the carriage, such that the peak 
value of the expansion wave would be reduced. From 
this point of view, an expression to determine the opti-
mal airshaft position is proposed as 

shaft train tunnel tunnel shaft ,
l l l l l

V c

where lshaft is shaft position to tunnel entrance; ltunnel is 
tunnel length; V is the speed of railway; and, c is the 
speed of sound, c=340 m/s. In this case, the optimal air-
shaft position is 700 m lshaft 235 m. 

When the compression wave passes through the air-
shaft, the expansion wave is formed, and then encoun-
ters the train body, resulting in negative pressure in the 
cabin. As indicated in Fig. 2 and Fig. 4, the first nega-
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tive peak pressure in the case with shaft appears ahead 
of the one without shaft, and the absolute value of the 
peak negative pressure is larger than those at 2.3 s in the 
case of no shaft.  This is because the expansion wave 
propagates to the tunnel entrance and encounters the 
train body. When the train passes through the airshaft, 
secondary compression wave is also excited. The expan-
sion wave from the tunnel exit is reduced when meeting 
the secondary compression wave. In this way, the nega-
tive pressure on train body is lessened. In this case, ex-

pansion wave hits the train before it passes through air-
shaft. The expansion wave creates almost the same size 
of the peak negative pressure as that at the airshaft. This 
validates that the open area at the airshaft is effective. 

With the airshaft, the strength of pressure fluctuation 
is reduced, and the aerodynamic effects in the cabin are 
moderated. In the calculation example, after setting air-
shaft, the peak pressure at 3 s is reduced from 5 to 3.1 kPa. 
The reduction rate is nearly 40%. 

Table 2  Calculation result comparison 

Maximum pressure at measurement point (kPa) Maximum pressure 
at train body (kPa) 

Maximum 
pressure transient

P150 P350 P500

Working
condition

Positive Negative Positive Negative Positive Negative
Positive Negative kPa /s kPa /3s

Without shaft 3.3 2.9 3.2 2.9 3.2 2.7 0.3 4.6 3.8 5.0 

With shaft 3.2 2.1 2.1 3.2 2.2 3.1 0.3 3.4 3.0 3.1 

4. Ending remarks 

(1) The first negative peak pressure at carriage is 
generated when the train encounters the expansion wave, 
which is reflected from the compression wave at the tun-
nel exit.

(2) By optimizing the shaft setting, the efficiency of 
ameliorating aerodynamic effects is improved.

(3) When a train passes through airshaft, secondary 
wave will be generated. The expansion wave at the tun-
nel exit can be reduced when meeting the secondary 
compression wave.

(4) With an airshaft, the strength of pressure fluctua-
tion is reduced, and the aerodynamic effects in cabin are 
moderated.
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