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Research on the Utilization of Train Piston Wind in Subway Tunnels
Lin Yu! Hu Xiaomin?> LiLe? Cao Zhuo?
( 1.Power China HuaDong Engineering Co., Ltd, Hangzhou, 311122;
2.Shaoxing Rail Transit Co., Ltd, Shaoxing, 312099 )

[ Abstract] Due to the piston effect of trains in subway tunnels, periodic piston wind is formed. The collection and utilization of
piston wind is one of the research directions with high innovation potential in recent years. Taking the smoke exhausting jet fan in
the tunnel-entry section of Shaoxing Subway Line 2 as the research object, a preliminary feasibility demonstration of piston wind
utilization is carried out by combining theoretical analysis and experimental verification, and corresponding design schemes are
proposed accordingly. In the early stage, a node model is built based on the tunnel ventilation simulation software STESS to obtain
characteristic values such as the longitudinal wind speed in the tunnel. The simulated value of piston wind speed is approximately
between 0.5 and 5.3m/s. Based on this characteristic value, an experimental platform is set up to simulate the piston wind
environment in the tunnel, and rotation parameters, circuit parameters are measured. For its power generation characteristics, a
corresponding charging and discharging module is matched at the back end to design a complete piston wind power generation and
utilization system. According to the measured results, the single-machine average power generation output is 90W during the utilize
period. Although the scheme is feasible, the daily power generation in the long term is below 1kWh, which requires solutions such
as increasing the train departure frequency to make it useful.

[Keywords] Subway tunnel; Piston wind; Energy storage; Jet fan
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Fig.1 Formation principle of piston wind
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Fig.2 Schematic diagram of tunnel ventilation system from station to portal
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Fig.3 Sectional view of jet fan segment in open excavation
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Fig.4 Local node diagram of tunnel ventilation calculation model
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Fig.5 Curve of piston air volume variation with time in the main line section
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Fig.6 Front and rear of jet fan
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Fig.7 Curve of longitudinal air volume within the right track section during a train operation cycle

X ) A ) XU DAL 5 97 2 s AR ) 2
F TN S i i LI, A R I Bl KA.
K Ze B, mTWAFATEXECR, — IR
RNAACGEHAME, XERIE CRIRERS R A HD
FREEIN AR Ao AT 20 BB AR S 37 28 KUK

YR AR ERR KT o 22 2R IS ZE B 3 U4
B FFEEm M55 5 26 AL

FZE B AT 250 RIFI R 4P AME R Ok R
# 1 PR



5540 B 5 ] OFE, S HBRREIE P 81 40 28 RO RI RIRT 9 . 747 «
x 1 JEBTETIM—MTEARAREEXNE THE
Table 1 Daily train operation plan and the average piston air volume within a single operation cycle
CERSE U AL P BB (ms) TP EA(mYs)

I Z #1391 pli: | I 3] I3 pli: | bt 11391 Pl I3
5:00~6:00 6 7 8 393 44.4 49.3 35.8 40.9 45.8
6:00~7:00 8 10 12 49.3 58.4 66.9 45.8 54.9 63.6
7:00~9:00 8 12 14 49.3 66.9 72.2 45.8 63.6 71.0
9:00~17:00 8 10 12 49.3 58.4 66.9 45.8 54.9 63.6

17:00~19:00 8 12 14 49.3 66.9 72.2 45.8 63.6 71.0
19:00~20:00 8 10 12 49.3 58.4 66.9 45.8 54.9 63.6
20:00~21:00 6 8 10 393 49.3 58.4 35.8 45.8 54.9
21:00~22:00 6 7 8 393 44.4 49.3 35.8 40.9 45.8
22:00~23:00 6 6 6 393 39.3 393 35.8 35.8 35.8
23:00~X H 5:00 0 0 0 0 0 0 0 0 0
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Fig.8 Working principle of jet fan power generation
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Table 2 Experimental results under no-load condition
Bl AL /Hz o %Tﬁﬁ i ) N A

WD RGE (m/s)  MEHTERE/Pa MR/ (/min) REARUE/NV  MiE/MHz  DIE/W
15 2.8 20 18 5.5 1 S—
20 5.5 30 104 28.6 5 S—
25 7 30 168 47.5 8 S—
30 9 50 227 63.6 10 S—
35 11 60 288 77.7 14.2 S—
40 13.2 65 340 94 16.9 S—
45 14.8 75 395 104.6 19.8 S—
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Table 3 Experimental results under the condition of load 10Q
RS LI S5
B KB/ Hz

T RGE(m/s)  MERTERE/Pa MR/ (f/min) REARE/NV  HE/MHz  DIE/W
20 3.8 30 17.7 4.6 0.85 2.12
25 5.1 55 36.5 10 1.8 10.01
30 6 70 58 154 3 23.72
35 7.4 95 84 22.5 4.1 50.63
40 9.5 130 112 30.8 5.5 94.86
45 10.8 155 148 40.5 72 164.03
50 12.6 175 184 50 9 250.00
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Table 4 Estimation of wind turbine power generation
B BREdFX — A K L /AWh BLH 4 RK R E/AWh BT MAHLA R A LB /KWh
#1341 136 0.272 2.176
i 176 0.002 0.352 2.816
A 208 0.416 3.328
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