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Metro is the main transport artery of modern megapolis and represented complicate
underground building construction. Because of its multifunctional load, leading industrial
states are focused on the issue of arranging subway under modern construction standards. One
of the main problem of metro construction and safe exploitation is to ensure the functioning of
the ventilation system relevant to the increased safety norms. The influence of the piston effect
on the dynamics of ventilation flows generated between metro stations, in the main part of
scientific literature is described in the semi-empirical manner, is not characterized by high
accuracy and inegatively affects on the underground design and construction works. The
current level of computer technology develops the possibility of the dynamics of ventilation flows
in the subway tunnels by more accuracy in terms of numerical modeling of the air flow. The
paper discusses the problem of distribution of ventilation flows caused by the piston effect in
metro tunnels, which give affects the determination of ventilation parameters. The task was set
for the conditionsof Thilisi Metropolitan, withthe followingbasicdata: Tunnel length - 1200m;
Cross section - 16 m?, length of train 60 - 80 m; Train speed 6.0, 8.0,10.0, 12.0 m/s; Acceleration
of the train— 1.0 m/s?, the traincross section4.00, 5.00, 6.25 m2. The calculationwas performed
by the PYROSIM 2016 software. As a result of the simulation, was determined the variability of
ventilation flow caused by the piston effect depending on the speed and cross section of the train
and the geometry of the tunnel.

Keywords: underground, piston effect, ventilation

In this work the share of the piston effect of natural draught on the computation models
and by means of same computation models are discussed. As a result of the modeling the nature
of the variability of aerodynamic parameters of ventilation stream has been studied, such are: air
consumption, dynamic pressure, air velocity in tunnel and velocity of back flow in space between
perimeters of train and tunnel. In order to determine the mentioned aerodynamic parameters of the
process we had a flow of air at one portal of the tunnel with average speed of 6.0, 8.0, 10.0, 12.0
m/s. As a result of numerical experiments, we determine the changes of dynamic pressure
oscillations of the air flow along the tunnel to the front and back of the train. The base model used
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the following data for the Thilisi metro: the length of the subway tunnel between two neighbor
stations - Lo = 1200 m; Train length Lt = 80 m; Acceleration of train A ¢ = 1 m/s?.

Processing of the results, obtained by numerical modeling was performed with the
appropriate values of calculations according to formulas, which were obtained from a natural
experiment. In particular, the dynamic pressures difference can be calculated by formula (1) the
velocity of back flow in space between cross sections of train and tunnel can be calculated by

formula (2)

AP = (0.164V,,.)*, 1)
W, = 0.84V/AP, )

and the continuity of the stream in this case has a form

Vi Serdt = Ve Sodt + (Sy = S, )Wydt.  (3)

Where: AP is the difference of dynamic pressure in front and behind of the train; V,, - speed of
trains in the tunnel; W, -the velocity of air flow in space between perimeters of train and tunnel;
Str=4.00; 5.00; 6.25 - Area of the cross section of the train, m?; V; - air speed originated by the
piston effect on the front of the train; So = 16 - Tunnel cross section, m?.

In these experiments by means of formulas (1) - (3) was realized the relevant boundary
conditions. Forthe velocities 6.0, 8.0,10.0, 12.0 mys accordingly, as the boundary conditions, were
used the dynamic pressures 21.6, 38.4, 60.0, and 86.4 N/m2. The train was located directly near
the portal and we were analyzing the dynamic process development of air flow near the portal in
front and behind the train in the part of a tunnel.
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It is noteworthy, that after the equivalent dynamic pressure modes on the portal, begin the
transitional processes, which need to be considered. These processes depend on the value of
dynamic pressure of ventilation air flow and rate of decreasing of its intensity.

The numerical results, obtained by modeling in the case of the different boundary condition
are given in figures 1, 2, 3 and 4.

90 1 Dynamic Pressure
80 Behind of train
Dynamic Pressure
70 In front of train
60
Gl ] 50
Pa = 60 N/m? e "R 40
T —— 2
APa=5N/m? . 30 Pa = 86.4 N/m’
20 APa=6.4 N/m?
20
10| 10
0 0
0 50 100 150 200 250 0 50 100 150 200 250
Time (s) Time (s)

Fig. 4 Characteristics
variation for the boundary condition 86.4 N/m?

Fig. 3. Characteristics of dynamic pressure of dynamic

variation for the boundary condition 60.0 N/m?

pressure

As demonstrated in the results of the experimental research presented, it is possible to use
the evaluation of air flows caused by the piston effect. In order to get more accuracy, it is advisable
to consider the changing of pressures on the front of the train as well as behind the train for the
initial phase of evolving of processes. It is necessary, as the rate of decrease of dynamic pressure
is minimal in the initial phase of numerical modeling. This phase has been selected on the drawings
1-4. The results of the analysis when Str/SO = Y4, are given in Table 1.

Table 1
Numerical analysis results
The velocity of | The velocity The volume of
Pressure back flow in of the flow in | ventilation flow
Boundary conditions | .-i, difference on | space between | the tunnel that | that was initiated
- dynamic pressure . front of the perimeters of | was originated by the piston
) speed in - . X
N | corresponding to the train or on the train and by the piston effect
; a tunnel : 3
speed of the train on Vo mis end of train tunnel effect Vg, m/s Qpi, M°/s
the left portal, N/m? | "Ver’ AP, W, mfs
N/m?
21.6 6.0 1.6 1.06 0.70 11.2
38.4 8.0 3.4 155 0.84 13.4
60.0 10.0 5.0 1.88 1.09 17.4
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| 4| 86.4 | 120 | 64 | 213 | 14 | 22.5

To determine the flow of air initiated by the piston effect, it is necessary to consider the
tachogram of the train movement and determine the duration of the piston effect for the numerical
values of the modeled velocities.
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Fig. 5. The tachogram of the metro trains movement for the distance Lo + Ls = 1300 m

Train speed acceleration phase takes place in metro tunnel and the phase of the deceleration
takes place in the metro station. Therefore, it is advisable to use the time (Tp) required for counting
the airflow caused by the piston effect. To determine this time interval, it is necessary to use times
for acceleration of the train (ta) as well as time of constant speed during motion (t). Accordingly,
the sum of the required times is shown in the formula

Tp=ta+t. 4)
Taking into account the time (To) that is necessary to overcome distance between the
neighboring stations the formula (4) will take the look

Tpi = Toi- ta. (5)
Where the index i represents a different speed of train
The air volume originated by piston effect for the different speeds can be calculated using
formula
Vpi = TpiQpi' (6)
For speeds used in the present work, according to which computer models have been
executed, calculating values by formula (6) are given in Table 2.




Table 2
The duration of the piston effect in according of the speed of the moving train

Train movement speed V4, , m/s -6 i—g 10 =10
Duration of piston effect T, C 218 162 138 108
The volume of air transported by the piston effect V,;, ¢ 2441 2170 2401 2430

Conclusions

- In the range of speeds 6-12 nvs, the variation of air flow rate, originated by the train movement
has a linear character, and the volume of air intensivety, transported by the piston effect is 11.2-
22.5 m3/s.

- Volume of air moved by one train in the same range of speed is practically constant and equals
2200-2400 m?,
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