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The impact of train-induced air-flow leads to a new “transient” characteristic in 
the temperature field of cold-region tunnels. To investigate the variations in the 
coupling of train-induced air-flow and temperature in cold-region tunnels, this 
study, taking the Anshan Tunnel as a case study, established a 3-D computational 
model to examine the variations in the temperature in the double-track tunnel a-
long a cold-region high-speed railway under different intervals between trains, 
external temperatures, and ground temperatures of surrounding rock. The influen-
ces of these factors were analyzed. The results suggest that when the interval 
between two trains is less than 15 minutes, its impact on the temperature field in 
cold-region tunnels cannot be ignored. When the interval is 15 minutes, the maxi-
mum temperature drop inside the tunnel is 1.23 ℃, an 8 ℃ increase in surrounding 
rock ground temperature affects the longitudinal temperature field in the cold-re-
gion tunnel by 0.03 ℃ to 1.95 ℃ per 50 m, a 20 ℃ increase in external temperature 
influences the longitudinal temperature field in the tunnel by 7.2 ℃ to 19.4 ℃ per 
50 m, and a 1 m/s increase in external wind speed impacts the temperature field by 
0.32 ℃ to 1.32 ℃ per 50 m. These findings provide theoretical support for calcu-
lating the length of the insulation layer required for cold-region tunnels. 

Keywords: cold-region engineering, high-speed railway tunnel, 
train-induced air-flow, dynamic mesh, temperature field 

Introduction 

In a completed tunnel, the long-term and slow cold air-flow from the outside gradually 

lowers the internal temperature, potentially inducing frost damage in the tunnel [1-4], a phe-

nomenon characterized by gradual freezing [5-10]. However, with increasing speeds, trains 

bring a significant amount of external cold air into the tunnel, leading to a new transient char-

acteristic in the temperature field of cold-region tunnels. 

_____________ 
*Corresponding author, e-mail: a1668779195@outlook.com 
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Studies have been conducted on the coupling mechanisms of air-flow and temperature 

fields in cold-region tunnels. For example, Zhou et al. [11] developed an unsteady-state finite-

difference computer model to investigate the temperature field distribution in cold-region tun-

nels and found that train-induced air-flow and mechanical ventilation significantly influenced 

the distribution. Gao et al. [12] performed model tests to examine the variations in cold-region 

tunnel temperature fields under different train operating conditions, confirming the substantial 

impact of train-induced air-flow on the temperature distribution in these tunnels. Jiang et al. 
[13], with the Gaotai Tunnel as a case study and based on on-site measured data, analyzed the 

heat transfer process of the tunnel structural layers under the influence of train-induced air-flow 

during train crossings. They explored the heat transfer characteristics of the tunnel structure 

under different train speeds and external temperatures. Tao et al. [14] established a 3-D un-

steady heat transfer model of surrounding rock, tunnel lining, and wind flow to investigate the 

effects of natural wind speed, natural wind temperature, train speed, and traffic volume on the 

anti-freezing length of cold-region tunnels. Wei et al. [15, 16] used numerical simulations to 

analyze the impacts of different train speeds and intervals between trains on the tunnel cross-

sectional temperature. Zeng et al. [17] constructed a 1:30 scaled model based on a horseshoe-

shaped railway tunnel to study the coupling effect between air-flow and temperature. The study 

found that the higher the wind speed and the lower the temperature, the faster the temperature 

declines in the tunnel. Guo et al. [18] performed a model test to simulate the longitudinal tem-

perature field distribution in cold-region tunnels, examining the effects of tunnel length, internal 

air temperature, and wind speed. Wu et al. [19] investigated the impact of air-flow on the tem-

perature field in uncompleted and operational tunnels in high-altitude highway tunnels in west-

ern Sichuan, based on field surveys, on-site tests, and numerical simulations. Gao et al. [20] 

established a heat transfer model under the influence of train-induced wind to explore the in-

fluences of different train speeds and intervals between trains on the length of the anti-freezing 

layer. They found that for every 50 km/h increase in train speed, the average length of the anti-

freezing layer increased by 90 m. Although the aforementioned studies provide valuable in-

sights into variations in the coupling of air-flow and temperature fields in cold-region tunnels, 

further research is needed to comprehensively assess the influence of multiple factors on the 

tunnel temperature field under train-induced air-flow. 

This study took the Anshan Tunnel, a double-track high-speed railway tunnel, as a 

case study. Based on the dynamic mesh technology, a 3-D computational model coupling train-

induced air-flow and temperature was established to investigate the variations in the tempera-

ture in the double-track tunnel along a cold-region high-speed railway under different intervals 

between trains, external temperatures, and ground temperatures of surrounding rock. The find-

ings clarify the influence of multiple factors on the temperature field variations in cold-region 

tunnels.  

Numerical analysis 

Case study 

The Harbin-Dalian High-Speed Railway (hereinafter referred to as Harbin-Dalian HSR) 

is China’s first high-speed railway crossing a severe cold region, connecting Harbin and Dalian 

with a total length of approximately 921 km. The railway commenced operation on December 1, 

2012, with a designed speed of 350 km/h. The regions along the railway experience low winter 

temperatures, with minimum temperatures reaching –40 ℃. The railway consists of four major 

sections: Harbin-Changchun, Changchun-Shenyang, Shenyang-Dalian, and Harbin-Dalian. 
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During off-peak times, intervals between trains typically range from 30-60 minutes, with some 

train schedules adjusted based on passenger demand. Train frequency drops during late night 

hours, with intervals extending to 60-120 minutes. However, during peak travel seasons such 

as the Spring Festival (January to February) and summer vacation periods, train intervals 

shorten to 10-30 minutes.  

The Anshan Tunnel is a double-track high-speed railway tunnel along the Harbin-

Dalian HSR, located in Ningyuan Town, Anshan City, Liaoning Province, China. The 2440-

meter-long tunnel follows a north-south alignment with a V-shaped longitudinal profile. The 

tunnel features a descending gradient of 15‰ followed by an ascending gradient of 19.9‰. The 

average annual temperature in the tunnel’s region ranges from –8.9-10.9 ℃, the average 

monthly temperature varies between –4 ℃ and 11 ℃, the extreme minimum temperature is 

recorded between –18 ℃ and –30 ℃, and the annual precipitation ranges from 591.5 mm to 

674.7 mm. Schematic diagrams of the Anshan Tunnel are presented in fig. 1. 

Computational model 

Based on the Anshan Tunnel, a 3-D computational model coupling train-induced air-

flow and temperature was established. In the numerical simulations, an eight-car CRH 380 

high-speed train was used, with dimensions of 3.7 m (height) × 3.3 m (width) × 200 m (length). 

The train model was built at a 1:1 scale to its prototype. Additionally, a computational domain 

that includes both the air inside the tunnel and the air outside the tunnel’s entrance and exit was 

created. The co-ordinate system was defined with the train center as the origin, where the lon-

gitudinal direction of the tunnel corresponds to the X-axis, the lateral direction to the Y-axis, 

and the vertical direction to the Z-axis. The train’s height of 3.7 m was taken as the characteristic 

height, H, the ratio of the cross-sectional area of the train to the computational domain was less 

than 0.01. The height and width of the computational domain of air were both set to 10H, with 

upstream length, L1, equal to 16 times the characteristic height, H, and downstream length, L2, 

Figure 1. Schematic diagrams of the Anshan Tunnel; (a) satellite view, 

(b) tunnel longitudinal section, and (c) tunnel cross-section 
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equal to 80H. The tunnel is a double-track tunnel with a lining thickness of 50 cm, surrounding 

rock thickness of 10 m, radius of 6.65 m, and height of 8.75 me. The computational model 

adopted hexahedral meshes. The external computational domain contained eight million mesh 

cells, and the train region contained 20 million mesh cells, with an overall mesh quality of no 

less than 0.9. Regarding boundary conditions, the computational domain included pressure inlet 

and outlet conditions at the external boundaries, and all other boundaries were treated as no-

slip wall conditions. The computational model is shown in fig. 2. 

Computational parameters 

During the computation process, the air was considered an ideal gas, and the air den-

sity was set according to the ideal gas law. The primary parameters of air are listed in tab. 1, 

and the physical properties of the tunnel lining and surrounding rock are presented in tab. 2. 

Table 1. Primary parameters of air 

Air dynamic viscosity coefficient, 
m [kgm–1s–1] 

Specific heat capacity, 
Ca [Jkg–1°C–1] 

Thermal conductivity coefficient, 
la [Wm–1°C–1] 

0.000017894 1006.43 0.02 

Table 2. Physical properties of lining and surrounding rock 

Material Density [kgm–3] Specific heat capacity [Jkg–1℃–1] Thermal conductivity [Wm–1K–1] 

Lining 
Surrounding rock 

2500 
1700 

0.92 
1.021 

1.74 
2.3 

Table 3. Convective heat transfer coefficient 

u [ms–1] l [Wm–1K–1] h [Wm–2K–1] 

15 2.3·10–2 23.38 

5 2.3·10–2 9.71 

1.5 2.3·10–2 3.71 

Figure 2. Dynamic mesh computational model; (a) train dynamic grid model, 
(b) train mode, and (c) tunnel model 
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When the train is moving, the convective heat transfer coefficient between the air and 

tunnel walls has a significant impact on the temperature field, so the variation of the coefficient 

must be considered. It can be calculated via the following equation [21], as shown in tab. 3: 
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where l [Wm–1K–1] is the thermal conductivity coefficient of the train-induced air-flow in the 

tunnel, d [m] – the hydraulic diameter of the tunnel, u [ms–1] – the velocity of train-induced air-

flow at the tunnel wall, n [m2s–1] – the kinematic viscosity (= 1.637·10–5), and Pr – the Prandtl 

number (= 0.7). 

Equivalent wind speed 

The dynamic mesh technology was employed in the numerical analysis to simulate 

the train-induced air-flow generated when a train runs in a tunnel. The computational model 

adopted hexahedral meshes, with approximately 20 million mesh cells for the train and 8 

million for the external domain, totaling 28 million. This imposes high computational de-

mands, with the time measured in years, which is unfavorable for subsequent temperature 

field analyses. 

To address this issue, a calculation method for equivalent wind speed was proposed 

based on the principle conservation of cold air volume. In numerical analysis, the effect of train-

induced air-flow on the temperature field inside the cold-region tunnel was replaced with equiv-

alent wind speed. Specifically, the area enclosed by the actual train-induced air-flow and the 

time axis is defined as S1, which includes both the wind volume during the train's passage and 

the residual wind volume after the train has passed, while the area enclosed by the equivalent 

wind speed and the time axis is defined as S2. When S1 equals S2, the amount of cold air passing 

through a specific tunnel section remains the same. In this case, S2 represents the impact of 

train-induced air-flow on the temperature field in the cold-region tunnel. The calculation 

method for equivalent wind speed is illustrated in fig. 3. 

Figure 3. Calculation method for equivalent wind speed 
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To ensure an equal amount of cold air passing through a specific tunnel section, area 

S1 should be determined. First, a curve is fitted to the train-induced air-flow, obtaining the fit-

ting formula, y: 
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By integrating this formula along the time axis, the following relationship is derived: 
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Let the amount of cold air passing through a specific tunnel section be constant, then 

S1 equals S2 (S1 = S2), and the equivalent wind speed can be obtained as: 
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where V1 is the air-flow induced by a high-speed train inside the tunnel, V2 – the residual air-

flow after the train passes through the tunnel, V3 – the natural wind speed, and v0 – the equiva-

lent wind speed. 

Simulation validation 

The computational model employs the k-e-RNG model and implements dynamic 

mesh calculations using a user-defined function. The SIMPLE algorithm is adopted with a pres-

sure-based solver, while the turbulence kinetic energy, turbulence dissipation rate, momentum, 

and energy terms are discretized using second-order upwind schemes. The physical time step 

is set to 0.01 seconds, with a maximum of 200 iterations per time step. 

During train passage through the tunnel, wind speed measurements were recorded. A 

total of 34 longitudinal temperature monitoring points were arranged, positioned 5.5 m from 

the track center, 2.2 m above the ground, and 0.5 mm from the tunnel wall. Additionally, five 

lateral monitoring points were set 4.7 m from the tunnel centerline, with a spacing of 0.4 m. 

The distribution of monitoring points is shown in fig. 4. 

Numerical analysis involves the computation of both air-flow and temperature fields. 

To validate the accuracy of air-flow field calculations, the simulation results of train-induced 

air-flow were compared with test data obtained by Li et al. [22], from February to March 2011, 

Li et al. [22] conducted a comprehensive tunnel aerodynamics activity on the Beijing-Shanghai 

High-Speed Railway. The tunnel used in the test was a double-track tunnel with a total length 

of 1005 m. The train involved in the test operated at a speed of 300 km/h. as shown in fig. 5. 

Similarly, to verify the accuracy of temperature field calculations, numerical analysis results 

were compared with test data obtained by Lu et al. [23], as presented in fig. 5. 

As illustrated in fig. 5, the comparison of simulated and measured data indicates that the 

computational error for train-induced air-flow is approximately 5%, and the error for temperature 

field is also around 5%. Therefore, the 3-D computational model coupling train-induced air-
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flow and temperature and the proposed calculation method for equivalent wind speed can be 

used to investigate temperature variations in cold-region tunnels under the influence of train-

induced air-flow. 

Grid independence verification was performed by repeating calculations for typical 

working conditions using three grid sizes of approximately 16 million, 22 million, and 28 mil-

lion. The maximum deviation in wind speed at the same measuring point in the results was 0.5 

m/s. Therefore, the computational parameters set for the typical working conditions can accu-

rately predict the pressure and wind speed changes during a train passing through a tunnel. 

Results and discussion 

This study aimed to further investigate the influences of multiple factors on variations 

of the temperature field in cold-region tunnels. It employed the method of controlling variables 

and took the Anshan Tunnel as a case study to explore how different conditions, including the 

interval between two trains, ground temperature of surrounding rock, external temperature, and 

external wind speed, affect the temperature field in cold-region tunnels. 

Influence of the interval between two trains 

During the peak season of the Anshan Tunnel in the Spring Festival period, typi-

cally in January or February, the train intervals drop to 10-30 minutes. To investigate the 

temperature field variations in cold-region tunnels after train passage, the ground temperature 

Figure 4. Distribution of monitoring points 

Figure 5. Comparison of simulated and measured data 
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of surrounding rock was set at 6 ℃, the ex-

ternal temperature at –25 ℃, and the exter-

nal wind speed at 2 m/s. The transient tem-

perature field variations in cold-region tun-

nels after train passage at intervals of 5 

minutes, 10 minutes, 15 minutes, and 20 

minutes were calculated and analyzed, as 

shown in fig. 6. 

As presented in fig. 6, after a train 

passes through the tunnel, a significant 

amount of cold air is brought into the tunnel 

from the outside, leading to a rapid tempera-

ture drop in the tunnel. As a result, the tem-

perature field variations exhibit a transient 
characteristic. As the time after a train’s pas-

sage gets longer, the temperature inside the 

tunnel gradually increases. The comparison 

of the data for 15 minutes and 20 minutes 

shows that their temperature field curves 

nearly overlap, indicating that the tempera-

ture in the tunnel almost recovers after 15 

minutes. The comparison of the data for 5 

minutes, 10 minutes, 15 minutes, and 20 

minutes reveals that when the interval be-

tween two trains is less than 15 minutes, the 

effect of train-induced air-flow on the tunnel 

temperature field is cumulative, which is un-

favorable for thermal protection in cold-re-

gion tunnels. Therefore, it is necessary to con-

sider the impact of train operation on the tem-

perature field in cold-region high-speed rail-

way tunnels when the train interval is less 

than 15 minutes. 

In the thermal protection design of 

cold-region tunnels, greater attention is paid 

to the influence of train-induced air-flow on 

the steady-state temperature field. To further assess this influence, data for train intervals of 5 

minutes, 10 minutes, and 15 minutes were analyzed, as shown in fig. 7. 

As illustrated in fig. 7, the comparison of the data without train passage and with 

an interval of 15 minutes suggests the maximum temperature difference in the tunnel 

reaches 4.1 ℃. This indicates that train-induced air-flow significantly impacts the temper-

ature field in the tunnel. As the interval decreases, the overall temperature in the tunnel 

shows a decreasing trend. The comparison of the data for 5 minutes and 15 minutes inter-

vals shows that the maximum temperature difference in the tunnel is 4.1 ℃. Therefore, 

when the interval between two trains exceeds 15 minutes, its impact on the tunnel temper-

ature field cannot be ignored. 

Figure 6. Influences of different train intervals on 
the longitudinal transient temperature field in 
cold-region tunnels 

Figure 7. Longitudinal steady-state temperature 
field variations in cold-region tunnels under 
different train intervals 
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Influence of the ground temperature of 

surrounding rock 

To investigate the influence of the ground temperature of surrounding rock on steady-

state temperature field variations in cold-region tunnels, the external temperature was set at -

15 ℃, the interval between two trains at 15 minutes, and the external wind speed at 2 m/s. The 

temperature field variations at a ground temperature of 2 ℃, 4 ℃, 6 ℃, 8 ℃, and 10 ℃ were 

calculated and analyzed, as shown in fig. 8(a). To better represent the influence of the ground 

temperature of surrounding rock on the tunnel temperature field, the data for adjacent surround-

ing rock ground temperatures (e.g., 2 ℃ vs. 4 ℃, 4 ℃ vs. 6 ℃) were subtracted in pairs and 

plotted at 50 m intervals along the tunnel longitudinal direction, as shown in fig. 8(b). This 

analysis is referred to as the cold-region tunnel temperature gradient analysis. 

As shown in fig. 8(a), as the ground temperature of surrounding rock increases, the 

temperature field in the tunnel rises, exhibiting a proportional relationship. For every 2 ℃ in-

crease in surrounding rock ground temperature, the temperature at the tunnel center rises by an 

average of 0.5 ℃. As shown in fig. 8(b), the temperature gradient inside the cold-region tunnel 

varies drastically near the tunnel entrance but relatively moderately at the center. When the 

distance from the tunnel entrance reaches 900 m, the temperature gradient variation becomes 

negligible and shows a steady trend. 

As illustrated in fig. 9, for every 2 ℃ increase in the surrounding rock ground tem-

perature, the variation trend of the longitudinal temperature field in the cold-region tunnel re-

mains nearly consistent. By fitting the data in fig. 9, the relationship between the surrounding 

rock temperature gradient and the longitudinal distance along the tunnel can be obtained: 

1 2
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where DT is the temperature gradient, x – the longitudinal distance along the tunnel, y0 – the 

constant with a value of –0.003, A1 an A2 – the constants with a value of 0.293, and t1 and t2 – 

the constants with values of 524.131 and 524.130, respectively. 

Figure 8. Longitudinal steady-state temperature field variations in cold-region tunnels 
under different ground temperatures of surrounding rock; 
(a) tunnel longitudinal temperature and 

(b) tunnel longitudinal temperature gradient 
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Equation (5) can be used to predict the longitudinal temperature field variation in the 

cold-region tunnel under different surrounding rock ground temperatures. The comparison of 

the predicted and simulated values shows a maximum error of 2%, as shown in tab. 4. 

Table 4. Comparison of the predicted and simulated values at 

a surrounding rock ground temperature of 10 ℃ 

Predicted Simulated Error 

100 m –14.63 –14.54 0.09 

200 m –13.38 –13.25 0.13 

300 m –12.19 –12.03 0.16 

400 m –11.17 –10.99 0.17 

500 m –10.24 –10.05 0.18 

600 m –9.48 –9.29 0.19 

700 m –8.79 –8.61 0.18 

800 m –8.20 –8.02 0.18 

900 m –7.66 –7.49 0.17 

1000 m –7.18 –7.02 0.16 

1100 m –6.78 –6.63 0.15 

1200 m –6.43 –6.29 0.14 

Figure 9. Variations of longitudinal temperature gradients under different ground 

temperatures of surrounding rock; (a) temperature difference between 2 °C and 4 °C, 
(b) temperature difference between 4 °C and 6 °C, (c) temperature difference between 6 °C 
and 8 °C, and (a) temperature difference between 8 °C and 10 °C 
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Influence of external temperature 

To investigate the influence of external temperature on steady-state temperature 

field variations in cold-region tunnels, the ground temperature of surrounding rock was set at 

6 ℃, the interval between two trains at 15 minutes, and the external wind speed at 2 m/s. The 

temperature field variations in the cold-region tunnel at an external temperature of –10 ℃, –

15 ℃, –20 ℃, –25 ℃, and –30 ℃ were calculated and analyzed, as shown in fig. 10. 

As shown in fig. 10(a), as the external temperature outside the tunnel decreases, the 

temperature inside the cold-region tunnel drops, exhibiting a proportional relationship. For 

every 5 ℃ decrease in external temperature, the temperature at the tunnel center drops by an 

average of 1.8 ℃. Figure 10(b) shows that the temperature gradient in the cold-region tunnel 

decreases from the tunnel entrance toward the center. At a distance of 900 m from the tunnel 

entrance, the temperature gradient variation becomes negligible and shows a steady trend. 

As illustrated in fig. 11, for every 5 ℃ increase in external temperature, the variation 

trend of the longitudinal temperature field in the cold-region tunnel remains nearly consistent. 

By fitting the data in fig. 11, the relationship between the surrounding rock temperature gradient 

and the longitudinal distance along the tunnel can be obtained: 
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where DT is the temperature gradient, x – the longitudinal distance along the tunnel, y0 – the 

constant with a value of 4.893, A1 an A2 – the constants with a value of –1.596, and t1 and t2 – 

the constants with values of 293.992 and 293.987, respectively. 

Equation (6) can be used to predict the longitudinal temperature field variation in the 

cold-region tunnel under the same conditions, as shown in tab. 5. 

Influence of external wind speed 

To investigate the influence of external wind speed on the steady-state temperature field 

inside the cold-region tunnel, the external temperature was set at –25 ℃, the interval between two 

trains at 15 minutes, and the surrounding rock ground temperature at 6 ℃. The temperature field 

Figure 10. Variations of longitudinal temperature fields under different external 

temperatures; (a) tunnel longitudinal temperature and 
(b) tunnel longitudinal temperature gradient 



Gao, Y., et al.: Study on Variations in the Coupling of Train-Induced Air-flow and … 2294 THERMAL SCIENCE: Year 2026, Vol. 30, No. 3B, pp. 2283-2297 

variations in the cold-region tunnel with an external wind speed of 2 m/s, 2.5 m/s, and 3 m/s 

were calculated and analyzed, as shown in fig. 12. 

As shown in fig. 12, as the external wind speed increases, the temperature in the cold-

region tunnel drops, exhibiting a proportional relationship. 

Table 5. Comparison of the predicted and simulated values at 

an external temperature of –30 ℃ 

Predicted Simulated Error 

100 m –24.75 –24.81 0.053 

200 m –21.17 –21.22 0.047 

300 m –18.52 –18.53 0.005 

400 m –16.54 –16.54 0.001 

500 m –15.02 –15.00 -0.018 

600 m –13.85 –13.81 -0.046 

700 m –13.06 –13.01 -0.046 

800 m –12.55 –12.52 -0.031 

900 m –12.30 –12.29 -0.012 

1000 m –12.08 –12.08 -0.001 

1100 m –11.78 –11.83 0.045 

1200 m –11.72 –11.81 0.085 

Figure 11. Variations of longitudinal temperature gradients under different 
external temperatures; (a) temperature difference between 10 °C and 15 °C, 

(b) temperature difference between 15 °C and 20 °C, 
(c) temperature difference between 20 °C and 25 °C, and 
(d) temperature difference between 25 °C and 30 °C 
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The longitudinal temperature field 

in the tunnel decreases with a rising external 

wind speed, exhibiting an inverse relation-

ship. External wind speed has a significant 

impact on the tunnel. For every 0.5 m/s in-

crease in the speed, the temperature at the 

tunnel center drops by approximately 0.6 ℃ 

to 0.7 ℃. Therefore, the study suggests that 

higher external wind speeds lead to lower 

longitudinal temperatures in the tunnel. 

Figure 13 shows that the temperature 

gradient decreases with an increasing dis-

tance from the tunnel entrance. The higher 

the external wind speed, the greater the tem-

perature gradient at the entrance, and the 

faster it decreases with an increasing longitu-

dinal distance. The influence of external wind 

speed on the temperature gradient per 50 m 

in cold-region tunnels ranges from 0.03 ℃ to 

1.92 ℃. Every 1 m/s increase in external 

wind speed leads to a change ranging from 

0.32 ℃ to 1.32 ℃ of the longitudinal temper-

ature field per 50 m in the tunnel. 

A 1 m/s increase in external wind 

speed results in an approximately 1.3 ℃ 

temperature drop at the tunnel center; a 1 ℃ 

decrease in external temperature causes an 

approximately 0.36 ℃ drop at the tunnel 

center. A 1 ℃ decrease in surrounding rock 

ground temperature leads to an approxi-

mately 0.25 ℃ drop at the tunnel center. A 

1 m/s increase in external wind speed results 

in a change ranging from 0.03 ℃ to 0.34 ℃ 

of the temperature gradient per 50 m in a 

cold-region tunnel; a 5 ℃ decrease in exter-

nal temperature affects the temperature gra-

dient by 0.03 ℃ to 0.5 ℃ per 50 m; a 2 ℃ decrease in surrounding rock ground temperature 

creates a 0.02 ℃ to 0.05 ℃ affect per 50 m. 

Conclusions 

Based on dynamic mesh technology, a 3-D computational model coupling train-in-

duced air-flow and temperature was established, and a calculation method for the equivalent 
wind speed calculation method was proposed. This model can be used to calculate and analyze 

the variations in air-flow and temperature fields in cold-region tunnels under the influence of 

train-induced air-flow. 

After a train passes through the tunnel, a significant amount of cold air is brought into 

the tunnel from the outside, leading to a rapid temperature drop in the tunnel. When the train 

Figure 12. Influences of different 
external wind speeds on 

the longitudinal temperature field in tunnels 

Figure 13. Influences of different 
external wind speeds on 
longitudinal temperature gradients in the tunnel 
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passes in 5 minutes, the maximum temperature drop at the tunnel center reaches 1.9 °C, exhib-

iting a new transient characteristic. When the interval between two trains is less than 15 minutes, 

its impact on the temperature field in cold-region tunnels cannot be ignored. 

The comparison of the data for different surrounding rock ground temperatures, ex-

ternal temperatures, and external wind speeds reveals that the temperature gradient inside a 

cold-region tunnel varies drastically near the tunnel entrance but relatively moderately at the 

center. When the distance from the tunnel entrance reaches 900 m, the temperature gradient 

variation becomes negligible and shows a steady trend. A 1 m/s increase in external wind speed 

results in an approximately 1.3 °C temperature drop at the tunnel center; a 1 °C decrease in 

external temperature causes an approximately 0.36 °C drop at the tunnel center; a 1 °C decrease 

in surrounding rock ground temperature leads to an approximately 0.25 °C drop at the tunnel 

center.  
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Nomenclature 

d – hydraulic diameter of the tunnel, [m]
H – train height
L1 – model upstream length
L2 – model downstream length
Pr – Prandtl number, (= 0.7)
DT – temperature gradient
u – velocity of train-induced air-flow at

the tunnel wall, [ms–1]
V1 – air-flow induced by a

high-speed train inside the tunnel

V2 – residual air-flow after
the train passes through the tunnel

V3 – natural wind speed
v0 – equivalent wind speed.
x – tunnel longitudinal distance

Greek symbols 

l – thermal conductivity coefficient of
the train-induced air-flow in
the tunnel, [Wm–1K–1]

n – kinematic viscosity, [m2s–1]
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