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Energy-saving Optimization of Fan Groups in Tunnel Network Based on Ant Colony Algorithm
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[ Abstract]  The energy consumption of tunnel ventilation systems constitutes a significant proportion of the construction and
operational expenditures associated with tunnels, rendering the effective reduction of energy consumption in tunnel fan systems a
critical concern. This study employs the Ant Colony Optimization (ACO) algorithm to facilitate the parallel optimization of fan
groups within complex tunnel networks. By refining the ant exploration strategy and integrating the weight distribution of various
optimization variables within the objective function, the research attains multidimensional nonlinear constraint optimization of fan
energy consumption in the tunnel network. This approach encompasses the concurrent optimization of the number of jet fans and
the pressure of axial fans. Utilizing MATLAB for engineering simulations, the study conducts optimization for characteristic traffic
flows. The findings reveal that the enhanced optimization algorithm exhibits superior performance in addressing multidimensional
nonlinear constraint problems, satisfying ventilation requirements within the tunnel while conforming to pollutant concentration
limits and wind speed constraints, thereby providing an energy-efficient and judicious fan operation strategy.
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Fig.1 Tunnel ventilation network diagram
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Table 1 The Optimization Range for the Number of Fans/Fan Pressure in Each Tunnel Section
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Table 2 Optimization constraint conditions
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Fig.3 Total fan energy consumption after optimization
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Fig.4 Operating status of jet fans and axial fans

& 4w, Jotl Jm BEIE N RHLRERE AT /N
e 3, (H B ARG 3 5l i R AR A — 2, 23R
/NI IRFAIE o JX A2 H R R 2% LTS 1 “ iz
ANTF], SRS REAEALE k SRR USRS . &

5 R, ELRBRIE R RNIIEA S, ANTEASE
FE W I BT T S 5 T XML 3 6 2B A8 8 i 2 X
WALk s B RUE AR EFE 500-700Pa, /R 350 LA
W2 KR PR AR -

100

100
90 F 90 F
80 F 80 F
~ 70F 70
g =
2 60k 2 60
250t 50|
=3 =3
D0 st prsssssss A N i
30 | X 30|
20 F 20
10F 10}
0 L L . . . . . 0 L " " " " L L
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

FF/A) (min)
(a) ELRBEIE P EORTS Yk

B 18] (min)
(b) EE3E BIE N 3 AT5 Rk 2

El5 MICEREBENEARASRIRE

Fig.5 Maximum pollutant concentration in the tunnel network at the end of optimization
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