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Abstract With the train speed becoming faster and faster, the aeewdigndrag turns to be one of the essential factor
that restricts the train speed ascent. However, no pulbdicature, home or abroad, has dealt with the flow field and
aerodynamic performance of the train with the speed regd&00 km per hour. This paper has studied in the flow field
and the aerodynamic performance of the train at 500 km per Wit symmetrical and unsymmetrical nose shape.
With the given two nose shape models, the authors composedifads train shapes and generated grids around the
four train models. With the gathered and analyzed data,dpemcomes to the conclusion that the unsymmetrical nose
shape is better than the symmetrical one in aerodynamionpeaice. Comparing with the other three train shape, we
found that thes-r composition best satisfies the practical demands.
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INTRODUCTION

Since the first high-speed train arised on Oct.1st, 1964hitjiespeed railway has developed faster and faster. With
the ascent of the train speed, the experts come to the camclimat the higher the velocity is, the more intensive the
aerodynamics impact exists on the train As a result, théivelproblems on aerodynamics can not be neglected. Davis
found that the aerodynamic drag is proportional to the sgjoathe speed. Because of varies kinds of limitations of
constrains, the track width, the train height and so on, fia@s of train body hardly changes. Hence, it's better worth
designing the reasonable train head for the high speedttraittain the destination of reducing the drag. This paper
has focused on the aerodynamic performance of the traindiffdrent nose shape. With the method of computational
fluid dynamics (CFD) of precision accuracy, the aerodynagmeidormance of trains running in 500 km per hour with
symmetrical and unsymmetrical nose shape has been celduBy analyzing the aerodynamic performance, we found
the best composition satisfying the practical demandschvhiill provide reliable design reference for the practical
design.

COMPUTAIONAL MODELS

With the two nose shape models, there come four kinds of ceitipo, namelyr-r, r-s, sr, ss. Here the first
letter means the head shape; the latter one refers to thghtgie. The cross character of the middle car is the same
with the back of the nose shape.The computational fluid mechaoftware FLUENT has been used to obtain the
numerical solution of the three dimension N-S equation$ wie fluid compressible and thecw turbulent model,
velocityV = 500 km/h, pressurB = 101 325 pa, temperatuflie= 28815 K, reference cross area A = 4.661 5.m

Table 1.The geometry parameter of the two nose shape models

Head length (mm)  Streamlined head length (mm)
Rocket 26 250 12 000
Sword 26 750 12 000
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Figure 1: Socket model Figure 2: Sword model
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Figure 3: Rocket-rocket{r) Figure 4: Rocket-sword-s

THE RESULT AND ANALYSIS

Figure 5 has described the pressure field around-theomposition. Air from the far field gradually slows down and
flows to up and down direction when it approaches the nosg skar the nose sharp, the speed has been reduced to 0
and there comes the stagnation and the high pressure arealoWm-flowing air begins to speeds up and once again
the speed slow down to 0 in the cowcatcher, and then the a@ihesahe gap between the cowcatcher and the subgrade
where the air reaches the fastest speed due to the decrahsdflofv area. The up-flowing air speeds up along the up
surface of the head and there conforms the other less hagsyme area because of the slight angle between the train
head and the cab front window, where the air flow has been gnék again and reaches the fastest on the maximum
curvature at the train roof. There exist some eddies arcumthil area which course the pressure drop. As a result, the

aerodynamic drag increases.
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Figure 5: The pressure field of around composition

It is concluded from Figure 6 that the head accounts for peglypercent of the total drag coefficients in all composi-
tions and the middle car takes the least proportion. As dtréssimore effective to reduce the head drag to achieve
the aim to reduce the total drag coefficient. What's more ctiefficient of the rocket head is bigger than the sword
head by 2.3% and Figure 7 illustrates the reason. It's kndwahdrag coefficient can be clarified into two parts, the
pressure difference drag and the viscous drag. Figure Ctdapiat the pressure difference drag coefficient on rocket
head is more than that of the sword head by 11.1%, while tlmussdrag coefficient for the two head are nearly the
same. Itis the pressure difference drag that course the Imeaith drag differences. By changing the large parameters
of the nose shape, the aerodynamic drag coefficient can beeeédBased on this analysis, it's more favorable to take

the sword as the train head.
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Figure 6: Drag distribution of the four composition FigureHead drag distribution for the four compositions
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From the computing results, we found that the absolute vafuecket lift is around 0.01 while the absolute value
of the sword is around 0.08. It is widely recognized that #eslthe lift absolute value, the better the aerodynamic
performance is. Based on this experience, it's more adgantss to choose the sword as the train tail.

From the analysis above, it is conclude that the drag coeffiaf rocket head is bigger than that of the sword head.
And the absolute value of lift coefficient of rocket tail is alfer than that of the sword tail. Consequently, it is cléwat t
sword is more suitable for the head and the rocket for thaetallthe unsymmetrical composition is more advantageous
than the symmetrical composition. By properly composeel utisymmetrical composition can take the advantages of
the both nose shape which can provide some valuable retefenthe practical design.
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