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When a train enters a tunnel at high speed, an explosive noise is

sometimes emitted from the exit and there are cases where doors and

windows of nearby houses are shaken. This phenomenon is caused by a

tunnel micro-pressure wave (hereafter: micro-pressure wave) and there

are cases where this is an environmental issue.

The micro-pressure wave is caused by the compression wave formed

when a train enters a tunnel entrance

and decrease in the gradient (rate of

pressure change over time; hereafter:

pressure gradient) of the wave front of

the compression wave leads to a

reduction in the micro-pressure wave.

Here, the tunnel entrance hood

(hereafter: hood) shown in Fig. 1 is a ground installation that is a

countermeasure for decreasing the pressure gradient of the compression

wave at the tunnel entrance. Hoods used to date (hereafter:

conventional hood), for reducing pressure gradient of the compression

wave, or, in other words, reducing the micro-pressure wave based on the

hood length along the track, have had some effect. However, when

speeds of trains are increased the hood must be extended. This requires

land acquisition and a lot of work near the tracks, which increases costs,

and this is a drawback.

As is shown in the background described above, the authors are working

on the development of an improved type hood whose length along the

track is short and which will reduce the pressure gradient of the

compression wave better than a conventional hood. The improved type

hood that is under development, as shown in Fig. 2, is a conventional

hood equipped with pipes. At this time, model experiments have been

performed and the effect on the pressure gradient of the compression

wave at the tunnel entrance has been investigated.

This report discusses model experiments with changes to various

combinations of length and

width of the pipes with which

the improved hood is

equipped, the characteristics,

mechanisms, and effect on the

control of the pressure gradient

of the compression wave, and the resulting knowledge that can be used

to reduce the micro-pressure wave.

2.1 Tunnel micro-pressure wave

The tunnel micro-pressure wave is generated by a mechanism such as

that shown in Fig. 3. When a train enters a tunnel at high speed, a

compression wave is formed at the entrance to the tunnel. This

compression wave propagates inside the tunnel as it is formed and when

it reaches the exit, a portion is radiated outside as a pulsed compression

wave. This type of compression wave is a tunnel micro-pressure wave.

The pressure gradient of the compression wave at the tunnel entrance is

proportional to the cube of the train speed. The pressure gradient of a

compression wave that propagates inside a tunnel with slab tracks is
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increased by the propagation process. The size of the micro-pressure

wave is proportional to the pressure gradient of the compression wave

that reaches the exit.

From the characteristics of this type of micro-pressure wave, in order to

reduce the effect, countermeasures can be considered for (1) the stage

where the compression wave is formed at the entrance of the tunnel, (2)

the stage where the compression wave is propagated inside the tunnel,

and (3) the stage where the micro-pressure wave is radiated from the

tunnel exit.

2.2 Tunnel entrance hood

A tunnel entrance hood is the hood shaped structure installed at the

tunnel entrance shown in Fig. 1. The cross-section is roughly 1.4 to 1.5

times the size of the main tunnel. The hood has openings in the sides

for releasing compressed air and has the function of decreasing the

pressure gradient at the tunnel entrance stage where the compression

wave is formed.

Fig. 4 shows the reduction effect of the pressure gradient of the

compression wave near the tunnel entrance when a hood is used. The

pressure near the tunnel entrance starts to rise just as a train starts to

enter the tunnel or hood at high speed and rises to a maximum value

when the train is completely inside the tunnel; however, having a hood

enables the train to enter the tunnel in stages, suppressing the sudden

formation of a pressure wave, calming the rise in pressure, and

decreasing the pressure gradient.

For this type of conventional hood, research and development started in

about 1975, centering on the JNR's Railway Technical Research

Institute. Currently the calculation method for the length needed in the

direction of the railway tracks, the method for making openings in the

side surface, and the technology for determining the basic shape and

dimensions for the hood based on the train and speed are for the most

part well established.

Development of an improved type hood equipped with pipes (hereafter:

hood with pipes) is being pursued with the target of providing a

reduction effect on micro-pressure waves at installation costs lower than

those incurred for a conventional hood. In pursuit of this goal, the

general outline of the process is as shown and explained in Fig. 5.

A compression wave that is formed when a high speed train enters the

hood will propagate from inside the hood into the main part of the

tunnel, but at the area where the pipe is installed a portion of the

compression wave branches into the pipe and reduces the compression

wave that is propagating into the main part of the tunnel.

Next, a portion of the compression wave that branches off and

propagates inside the pipe is released

outside at the opening of the pipe

and a portion is reflected and

becomes an expansion wave. The

compression wave inside the pipe is

reduced through release outside and

is further reduced through

interaction with the expansion wave.

Furthermore, the compression wave

that branches off, propagates through the pipe and reaches the closed

area is reflected as a compression wave. The compression wave that is

reflected and returns to the hood from inside the pipe then enters and

propagates through the main part of the tunnel, but at a time later than

the compression wave that propagated directly into the main part of the

tunnel.

Through integrating this type of process, it is possible to suppress

sudden formation of a compression wave inside the main part of the

tunnel.

4.1 Experiment method

The micro-pressure wave model experiment equipment at the Railway

Technical Research Institute was used. An outline of the experiment

equipment is shown in Fig. 6.

When a train car model is shot out at high speed from a mechanical

discharge device, moves along a piano cord and enters a hood and

tunnel, a compression wave is formed in the tunnel. A pressure meter is

positioned near the entrance of the main part of the tunnel to measure

the pressure when the model train enters the tunnel. The pressure

gradient is calculated from the time history of the measured pressure,

and the effect of reduction on the micro-pressure wave is evaluated.

4.2 Experiment conditions

4.2.1 Number of pipes installed and length of hood

In Fig. 5, the configuration used to illustrate the reduction on pressure

gradient of the compression wave anticipated through attaching of a

pipe shows an example of using one pipe. It is easy, however, to see that

this configuration can have two or more pipes installed. Furthermore,

having more pipes may increase the overall effect. with each pipe

enlarging the compatibility range for various types of trains and at

various speeds.

Effect expected for tunnel
entrance hood equipped with pipes3

Hood entrance Tunnel entrance

Pressure 
gradient

Pressure Calms pressure rise

Decreases pressure 
gradient

Time

Time

Fig.4: Compression wave pressure gradient reduction effect based on hood

(Illustration of pressure - time history near the tunnel entrance)

Formation of 
compression wave Branching

Release
Reflection

Reflection

Release

Fig.5: Configuration for the

reduction of the pressure gradient

of the compression wave for the

hood equipped with pipes

Summary of model experiment4



33JR EAST Technical Review-No.8

Special edition paper

However, the increased cost when many pipes are used must also be

considered.

Here, based on consideration of the ability to detect differences in

characteristics through positions for attaching pipes at the entrance, the

center of the hood and near the main tunnel, the maximum number of

pipe groups that would be used in model experiments was set to 3.

Furthermore, it was estimated that one pipe group could be attached in

a hood length equal to the diameter of the main part of the tunnel, and

therefore, in the case of attaching 3 pipe groups, the length of the hood

was set at 3 times the inner diameter of the main part of the tunnel.

4.2.2 Train model, speed entering tunnel

Train models were prepared for conventional train design and for new

model trains. However, unless otherwise indicated, the work discussed

in this paper is for the model experiments performed using the

conventional train car model, which has a shorter car leading area and

forms compression waves more easily.

Speed entering the tunnel was set at 300 km/h, enabling stability to be

maintained easily for the conventional model train car and for the new

model train car. To investigate differences in speed, in addition to 300

km/h, 360 km/h was also used in experiments.

4.3 Scaling, shape and dimensions of the model

4.3.1 Hood model

With the cross-section of the main part of an actual tunnel given as 63.4

m2 , the internal diameter of the main part of the tunnel for the model

experiment device is 146 mm; this is a scale of 61.5:1.

In the experiment, as illustrated in Fig. 7, the cross section of the hood

model was a 155 mm x 155 mm square. This is equivalent to 90.9 m2

converted to the actual structure and this is 1.43 times the size of the main

tunnel. The length was set to 3 times the inner diameter of the main part

of the tunnel, or 438 mm (corresponding to an actual length of 26.9 m)

and the ceiling plate was set up so that pipes can be attached in 3 locations

(entrance, center, and near main tunnel). Furthermore, there were 3

openings that could be opened and closed on each side of the hood model.

4.3.2 Pipes

Many small pipes with an internal dimension of 18 mm x 18 mm were

prepared and arbitrary combinations with different widths and lengths

as shown in Fig. 8 were implemented.

Note: From the configuration illustrating the reduction effect on the

pressure gradient of the compression wave that was anticipated through

attaching pipes, as shown in Fig. 5, it is evident that the form of the

pipes can be varied from the form shown in Fig. 8. In addition to pipes

open at the end, there were pipes with openings in between the ends

and pipes with the ends closed. Some such experiments were made

during the initial stages, but they are not included in the experiments

discussed in this paper.

5.1 Characteristics of pressure gradient control of the hood

equipped with pipes 

5.1.1 Pressure and pressure gradient waveform characteristics

Fig. 9 illustrates the control of the compression wave near the entrance

of the main part of the tunnel provided by the hood with pipes. This is

characterized by significant effects on (1) the pressure gradient when

entering the hood, (2) the pressure gradient when passing from where

the center pipe is attached to where the pipe near the main tunnel is

attached, and (3) the pressure gradient when entering the main part of

the tunnel.

Pressure starts to rise when the train starts to enter the tunnel. The

pressure after the rise is complete (maximum pressure) is uniform for

the same train car cross sectional area and speed entering the tunnel,

regardless of the hood. In other words, as the rise in pressure is uniform,

decreasing pressure gradient is the decreasing of the slope of the pressure

waveform to the extent possible. This can be understood to be

decreasing multiple local maximum values of the pressure gradient

Model experiment results and
consideration5
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waveform in a uniform

manner to the extent

possible.

5.1.2 Effect of each

of the pipes

(1) Pipe at entrance

Figure 10 shows an

example of experiment

results for attaching a

pipe that has a diameter

equal to 12 small pipes and with varying lengths only at the entrance.

From this example, it was found that a short pipe lead to decreasing of

the pressure gradient when the train entered the hood. Furthermore,

even if the width of the pipe is increased, this same tendency is seen.

In addition to having the pipe at the entrance flexibly connect the inside

of the hood to the world outside with an infinite expansion, it needs to

be able to easily release the compression wave to the outside; therefore,

it is considered that a wide, short shaped pipe is favorable.

(2) Center pipe

Fig. 11 shows an example of experiment results for a pipe with a fixed

length of 32 mm and where the corresponding number of small pipes

(width) was varied, and was attached to the middle only. From this

example it was found that when the width was enlarged, the pressure

gradient when entering the hood is decreased, and at the same time the

pressure gradient beyond where the center pipe is attached to the main

tunnel increases. Cases where the pipe was made smaller provide the

same trend.

It is considered that a wide short shaped pipe that releases the

compression wave to the outside easily is favorable for the center pipe.

Also, at the same time, in order to prevent the pressure gradient from

increasing too much as the train moves beyond where the central pipe is

attached to the main tunnel, the width and length of the pipe near the

main tunnel must be considered when setting the width and shortness

for the central pipe.

(3) Pipe near main tunnel

Fig. 12 shows an example of experiment results for a pipe with a fixed

length of 64 mm where the corresponding number of small pipes

(width) was varied, and this was attached to the location near the main

tunnel only. From this example, when the width is increased, it was

found that the pressure gradient for entering of the hood is decreased

and at the same time the pressure gradient when entering the tunnel on

the other hand increases.

It is considered that narrow long pipes enabling a flexible connection

between the hood and the narrower main part of the tunnel are most

favorable for the pipes near the main tunnel. However, if they are

extremely narrow and long, the pressure gradient when entering the

hood may increase significantly and therefore caution is needed.

5.1.3 Comparison with conventional hoods

Fig. 13 shows a comparison of the differences between pressure gradient

control using a conventional hood and a hood with pipes.

The range of control of the pressure gradient of the compression wave

provided by hoods with pipes is different from the effect provided by

openings in the sides of conventional hoods. It follows that the effects of

hoods with pipes and the effects of openings in the side of conventional

hoods can be utilized at the same time.
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model train car. The three examples of test results are compared in Fig.

15.

When comparing the pressure gradient waveform for the conventional

train car with a short leading area in the left column and that for the

new model train car with a long improved leading area in the center

column at the same 300 km/h in Fig. 15, the pressure gradient is

decreased for the new model train car compared to the conventional

train car and the change is more gradual.

With the same train car leading shape and comparing the pressure

gradient for a train speed of 300 km/h in the center column and a train

speed of 360 km/h in the right column, the pressure gradient gets larger

in conjunction with rise in train speed; however, it can be seen that the

aspects of changes are similar.

6.1 Comparison of effect with conventional hood

When comparing the reduction effect of the pressure gradient of the

compression wave of the hood with pipes as obtained from these model

experiments based on train car type and train speed conditions with the

same length as a conventional hood, the maximum pressure gradient

5.2 Characteristics of effects

In Fig. 14, when comparing the pressure gradient after entering the

main part of the tunnel, the shaded portion of the figure, shows that

after entering the main part of the tunnel, the pressure gradient with the

hood with pipes is higher than that with the conventional hood. This

shows that the pressure rise after entering the main part of the tunnel is

larger when the hood with pipes is used.

The final amount of pressure increase is uniform when the cross

sectional area of the train and the speed entering the tunnel are the same

regardless of the hood. Therefore, while the pressure rise is small after

entering the main part of the tunnel for the conventional hood, the

pressure rise when entering the main part of the tunnel is large. On the

other hand, where the pressure rise after entering the main part of the

tunnel is large for the hood with pipes, the pressure rise through

entering of the main part of the tunnel is small. In other words, with

respect to the conventional hood, the pressure rise for the hood with

pipes is slow. This is shown in Fig. 14; the pressure when entering the

main tunnel is approximately 1.85 kPa for the conventional hood and

approximately 1.65 kPa for the hood with pipes.

As has been explained, the pressure rise time is longer for the hood with

pipes than for the conventional hood and therefore the pressure gradient

is smaller. When the pressure gradient in Fig. 14 is

reviewed, the pressure gradient rises over a longer time

for the hood with pipes than for the conventional hood,

and as a result the maximum pressure gradient is 450

kPa/s for the conventional hood where it is 385 kPa/s

for the hood with pipes.

5.3 Differences in effects based on train shape

and train speed

The same mounting method of the pipes was used for

(1) a train speed of 300 km/h using a conventional train

car, (2) a train speed of 300 km/h using the new model

train car, and (3) a train speed of 360 km/h using a new
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Based on the model experiments that were performed, it was found that

use of a hood with pipes can be expected to reduce the micro-pressure

wave with a hood that is shorter than a conventional hood. The

knowledge gained through this process that is considered to be most

significant is that a hood with pipes lengthens the pressure rise time

(delays the rise in pressure) in comparison to a conventional hood.

In addition, an understanding of the effect on the pressure gradient of

the compression wave provided by each of the 3 pipes was generated

and with respect to actual experiment, (1) there is a suitable sensitivity

on the effect on the pressure gradient based on dimensions and

mounting method of each of the pipes and this enables control of the

pressure gradient to be put into practice and (2) a uniform outlook with

respect to being able to adjust the width and length of the pipes within

realistic limits and that pipe dimensions for putting into practice can be

defined.

The current status of this development is that a hood with pipes has

been achieved in practice and that the next issue is verification of the

effect.

Finally, with respect to the model experiments at this time, appreciation

is expressed for the substantial leadership from everyone at the

Aerodynamics Laboratory in the Environmental Engineering Division

of the Railway Technical Research Institute.

values are shown in Table 1.

The reduction effect on the pressure gradient of the hood with pipes is

larger than that for a conventional hood of the same length showing a

reduction to roughly 85%.

6.2 Review of installation costs with respect to effects

For the 3 examples shown in the center and right columns of Fig. 15, in

the case of train speed of 360 km/h, the maximum pressure gradient is

1.73 to 1.78 times the maximum pressure gradient for the case of 300

km/h. This value is virtually equivalent to the cube of the speed ratio

([360/300]3 = 1.73) and matches conventional knowledge. A reduction

in the pressure gradient to 85% is equivalent to reducing speed to 95%.

The length of the hood model used in the experiment was equivalent to

an actual length of 26.9 m; however, in the case of extending the length

of the 26.9 m hood to reduce the pressure gradient to 85%; with a

characteristic length of D = 10 to 15 (m), the necessary amount of

extension (m) becomes

(D + 26.9)/(D + 26.9 + L) = 85%

Giving

L = 6.5-7.4(m)

In other words, in the model experiment performed at this time, when

improving a hood with actual dimensions of roughly 27 m with pipes, it

is possible to obtain the effect of reducing the pressure gradient of the

compression wave that is the equivalent of extending the hood by

roughly 7 m.

This level of effect is evaluated from the standpoint of installation costs

below. Using the combination of pipe dimensions with a large effect on

reducing pressure gradient on the model experiment and estimating the

surface area of the structural body for the estimated construction of

mounting the pipes, it is anticipated that the amount of work required

will be roughly equivalent to extending the hood by 7 m. Furthermore,

as the construction scale for the pipes is smaller than that of the hood

main body, strengthening required on top of the structure will be small.

In execution of the work, the amount of work near the railway tracks is

much lower for mounting pipes than for extending the hood. Therefore,

it is likely that the cost of mounting pipes will be less than the costs of

extending the hood.

Train car type

Train speed

Conventional train car

300km/h

New train car

300km/h

New train car

360km/h

B/A 86% 84% 83%

Conventional hood...A

Hood with pipes.......B

Approximately 450 kPa/s

Approximately 385 kPa/s

Approximately 310 kPa/s

Approximately 260 kPa/s

Approximately 540 kPa/s

Approximately 450 kPa/s

Table 1: Minimum value of maximum pressure gradient for various

conditions obtained through the model experiments

Conclusion7
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