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Abstract. The three-dimensional turbulent flow of high speed elevator is numerical simulated using
the static uncompressible Navier-Stokes equations. The equations are solved using finite volume
method with second order upwind spatial discretization. The car of the high speed elevator is a box
with the length of 2.3m, with the width of 1.7m, and height of 2.4m. Blockage ratios of 0.595, 0.512
and 0.446 are researched on the effects of the aerodynamic performances. A serial of elevator well
is built according to the blockage ratio of 0.595, 0.512 and 0.446. The aerodynamic performance
especially the drags of the elevator cars are computed. The results show that with the blocking ratio
decreases, the pressure and the drag forces of the high-speed elevator decrease.

Introduction

With the rapid development of China's economy, the number and the height of tall buildings
increase rapidly. It is predicted that there will be 164 tall buildings with the height greater than
250m in China before 2018. In addition to the tall building number increasing, its height in recent
years has been refreshed. The number of the high-rise buildings whose heights are greater than
500m also increases rapidly, such Shanghai Tower [1]. Thus the market demand of the high-speed
elevator (more than 12 m/min) has been increased significantly in China. However, with the
increase of the elevator speed, the influences of elevator well and elevator car on aerodynamic
characteristics are not negligible. Especially in the region between elevator well and elevator car,
the sudden decrease of the flow area results in the dramatically increase of air speed. The quality of
the flow in the region influences the stability, security, and noise of a high-speed elevator [2, 3].
Therefore it is necessary to study the effects of high-speed elevator blocking ratio on the
aerodynamic performances.

The research methods on aerodynamic performances include experiments method and numerical
method [4,5]. With the maturing of CFD method in recent years, the numerical method is being
widely used in the elevator flow simulations. Yang have simulated two dimensional flow and
computed the aerodynamic performance using the CFD method[6]. Hisashi [7] used CFD method to
simulated three-dimensional flow, his results show that the flow conditions affect the elevator car’s
aerodynamic performances and the turbulent flow is a main source of the aerodynamic noise. The
flow is numerical simulated and aerodynamic forces are computed using the Fluent software. The
influences of the blockage ratio on the aerodynamic forces are further considered.

The evaluator model

The car of the high speed elevator studied in this paper is a box with the length of 2.3m, with the
width of 1.7m, and height of 2.4m. The diversion covers are built with conic surface with the height
of 0.8m. The height of the elevator well is 100m, while the widths and the lengths are 2.4X2.8m.
2.6 X3.0m and2.8X3.2m, respectively. The corresponding blockage ratios are 0.595, 0.512 and
0.446, respectively. To reduce the computational cost, only quarters of the models are built, parts of
them are shown in Figl.
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a) Flow region b) the elevator car model
Fig.1. The elevator system model

During the grid generations of the elevator using Ansys.Icem software, the hybrid grid
technology is used to ensure the quality of the grid at the same time reduce the number of cells. Fig
2 (a) and (b) show the local grid capsules near the car, the grids are generated with tetrahedron
elements while hexahedron elements are used in the wall boundary regions. In the far field, the
structure grid technology is adopted. The meshes of the symmetry plane of different blockage ratio
are shown in Fig.3.

b) mesh of the elevtor car c) meshfthe symmetry plane
Fig.2. High speed evaluator models with different diversion cover
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b) ratio of 0.51 c) ratio of 0.446
Fig.3. meshes of the symetry plane with different blockage ratio

Computation method

In the Cartesian coordinate system, the three-dimensional steady N-S equations in a conservative
differential form on a moving mesh can be written as

0. - I 1)
aJ.QWdQ+q'>aQ(FC—FV)dS=O
Where t istime, Q is the control volume and 2 is the volume surface, W is the conserved
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F, and F, are convective part and viscosity part. The finite element method is used to

solve the equations with K —@turbulence model. A second order cell-centered scheme is use.

The boundary conditions are: the entrance of the elevator well is the inlet with velocity of 12m/s;
the exit is the pressure outlet; the elevator car is station wall; the elevator well is moving wall with
velocity of 12m/s; Symmetric boundary conditions are used at the symmetric planes.

variables,

Results and discussion

Figure 3 shows the variation of the high speed elevator drag force with different blocking ratio. It
is shown that with the increase of the blockage ratio, the drag force increase gradually nonlinearly.
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Fig.4. Drags of the elevator cars

The pressures contours of the high speed elevator car are shown in Fig 5. It is shown that the
pressure of elevator with the ratio of 0. 595 is 200 Pa and the high pressure region is quite large.

With the blockage ratio of elevator decreases, both the drag forces and the high pressure region of
the elevator decrease.

a) ratio=0.595 b) ratio=0. 51 c) ratio=0. 51
Fig.5. Pressures of the elevator car with different blockage ratios

The velocity contours of the symmetry plane are shown in Fig 6. With the blockage ratio of
elevator decreases, the velocity magnitude decrease. The velocity contours of the flow between

elevator car and the elevator well has a more homogeneous distribution, and the wake region of the
car shrinks.
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a) ratio=0.595 b) ratio=0. 51 c) ratio=0. 51
Fig.6. velocity of the symetry plane with different blockage ratios

A X-Y cut plane at the middle of car is made, and The velocity contours of the cut plane are
shown in Fig 7. With the blockage ratio of elevator decreases, the velocity magnitude of the cut
plane decreases from 30m/s to 22m/s. Also, the velocity contours between elevator car and the
elevator well has a more homogeneous distribution.
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a) ratio=0.595 b) ratio=0. 51 c) ratio=0. 51
Fig.7. velocity of the cut plane with different blockage ratios

Conclusion

The flows of the high speed elevator are simulated using the CFD method and the influences of
the blockage ratio on the aerodynamic performances are studied in this paper. With the blockage
ratio of elevator decreases, the drag forces and pressures of the elevator decrease, the velocities of
the flow region decrease and the velocity of the flow between elevator car and the elevator well has
a more homogeneous distribution.
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