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Reduction of the Amplitude and Pressure Gradient of the Compression Wave Front Generated by a

Bluff-Nose Train Entering a Tunnel

Yutaka SAKUMA, Railway Technical Research Institute, 2-8-38 Hikari-cho, Kokubunji-shi, Tokyo, 185-8540

Atsushi IDO, Railway Technical Research Institute

Taro HAYASHI,

West Japan Railway Company

Wind tunnel experiments, ficld measurement, and model shooting experiments have been conducted to study the compression
waves generated by bluff-nose trains and devise measures for reducing the waves and aerodynamic drag by preventing the
flow separation. Effects of rounded comers of a front end of a bluff-nose train and acrodynamic attachments, as well as those
of sidewalls and a hood installed at a tunnel entrance, have been investigated. It is demonstrated that an attachment of fins to
the front face of a two-car test train traveling at 120 km/h can reduce the maximum values of pressure gradients of the
compression waves by approximately 40 percent, and a 8-meter tunnel entrance hood can reduce those by approximately 70

percent.
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Fig. | Model for wind tunnel experiments

(a) Without fins (Cp = 0.82)  (b) With fins (C), = 0.58)

Fig. 2 Flow visualization around the front end of vehicle model
with or without fins

(a) 1/5-scale vehicle model (b) Real train

Fig. 3 Attachment of fins to the top and side edges of the front end

of the real train
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Fig. 4 Results of test runs of the real train with and without fins
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Fig. 5 Schematic configurations of experimental apparatus and nose of model train
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Fig. 6 Schematic experimental configuration of tunnel entrance (1/89-scale model)
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Table 1 Ratio of maximum pressure gradients

Tunnel entrance geometry  Length / (m)  Ratio

Unmodified 0.0 1.00
Triangular side wall 3.0 0.88
9.0 0.84
Rectangular side wall 3.0 0.82
9.0 0.83
Tunnel-entrance hood with 2.5 0.51
optimized windows 50 0.35
7.5 0.27
10.0 0.27
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Fig. 9 Pressure and pressure gradient (1/89-scale model)
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