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ABSTRACT

The shrink fit retaining ring is currently the easiest to install and the most widely used end fixed for structure
AC excitation variable speed generator-motor rotor end windings. However, the current research on the effect of
high strength sealing on the ventilation and heat dissipation performance of the end is not enough. In this paper,
based on the actual structural parameters and periodic symmetry simplification, the three-dimensional coupled
calculation model of fluid field and temperature field is established. After solving the fluid and thermal equations,
the influence of the length of rotor support block, the height of rotor support block, and the number of rotor support
block on the fluid flow and temperature distribution in the rotor end region of generator-motor is studied using
the finite volume method. The rheological characteristics of the air in the rotor domain, such as velocity and inter-
winding flow, are analyzed. The law of temperature variation with local structure in the computational domain is
studied. The variation law of cooling medium performance inside the large variable speed power generator motor
is revealed.
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1 Introduction

With the large-scale grid connection of random intermittent clean energy sources such as wind
and solar power, the number of power devices operating at night on a regular basis has increased [1,2].
Variable-speed generator motors have millimeter-scale corresponding speed and wide power regulation
range, which can maintain the stability of the grid [3].

The rotor core of variable speed power generator motor is heavy than the fixed-speed power
generator motor. The rotor winding end needs to be fixed by shrink fit retaining ring to withstand the
rotating centrifugal force. However, the shrink fit retaining ring fixing method has a high confinement
and high excitation current of the rotor winding. A reasonable cooling method must be used to remove
the heat from the winding ends to enable the motor to operate stably for a long time. At present, there
is not enough theoretical research on the characteristics of the fluid-temperature field distribution at
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the rotor winding end of variable speed power generator-motor. Therefore, it is necessary to analyze
the fluid rheological characteristics of the rotor winding ends effectively. It is an important reference
for the improvement of the cooling effect at the rotor winding end and the design of higher capacity
and higher speed variable speed generator-motor.

At present, domestic and foreign experts and scholars have analyzed and compared the ventilation
and cooling methods and end fixing structures of the variable speed power generation motor machine
[4–6]. Many numerical calculations of the fluid and temperature fields inside the motor and the
corresponding coupling fields have also been performed using the finite volume method for other
types of motors [7–12]. The basis for the calculation of the physical fields inside the motor has been
laid. However, there are fewer research results on the fluid rheological characteristics and temperature
rise distribution inside variable speed generator-motor. In particular, the distribution characteristics
of the rotor winding ends after using different fixed structures are less studied. At present, there is
no AC-excited variable speed generating motor in operation in China. Numerical simulation with the
help of commercial software can study the distribution pattern of rotor winding ends more quickly and
effectively. Therefore, a numerical solution model is used to study the fluid flow characteristics at the
end of the rotor winding of the variable speed generator-motor. The effect of local structural changes
on the distribution pattern of the relevant parameters is also analyzed. It has certain theoretical
guidance significance.

In this paper, based on the actual structural parameters and periodic symmetry simplification, the
three-dimensional coupled calculation model of fluid field and temperature field is established. After
solving the fluid and thermal equations, the influence of the length of rotor support block, the height
of rotor support block, and the number of rotor support block on the fluid flow and temperature
distribution in the rotor end region of generator-motor is studied using the finite volume method.

2 Ventilation Structure and Establishment of Mathematical Model
2.1 Basic Motor Data and Ventilation Structure

In this paper, a 600 MW variable speed generator motor is studied as an example. The basic motor
data are shown in Table 1.

Table 1: Basic structural parameters of variable speed generator-motor

Parameters Value

Power 339 MW
Rotational Speed 395–450 rpm
Rotor outer diameter 2435 mm
Rotor internal diameter 1523 mm
Number of rotor slots 294
Insulation grade F
Power generation condition rotor winding losses 946 kW
Electric working condition rotor winding losses 754 kW

The air-cooling path of end windings is shown in Fig. 1. The end support blocks are placed in a
circumferential direction which act as radial fans depending on the rotor rotation. The air blowing
from the condenser reaches the end of the winding and enters the runner. A portion of the air passes
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through the air aluminum block between the windings for indirect cooling of the windings. Another
small portion of the radial air flows out of a small gap at the lower end of the outer ring.

Figure 1: Simplified air-cooling structure of rotor windings end

2.2 Mathematical Model
According to the theory of fluid mechanics, this paper compares the calculation results of three

common turbulence models and finds that there is not much difference. Based on the characteristics
and advantages of SST k−ω model [13–15], this paper adopts it as the turbulence model for calculation.
When the fluid inside the motor is incompressible and in a steady flow state, the common equation [16]:

∂ (ρφ)

∂t
+ div (ρVφ) = div (Γgradφ) + S (1)

where v and w are common variable. x is the fluid density, kg/m3; Γ is Expansion factor, S is
Source item.

Combine the material properties of the motor and the basic principles of heat and mass transfer.
Synthetic equation of steady-state temperature field:
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where: T is the temperature of the solid to be solved, °C; λx, λy, λz are the thermal conductivity of each
material in the solution domain along the x, y, and z directions. W/(m · k); qV is the sum of the heat
source densities of each material in the solution domain. W/m3; α is the heat dissipation coefficient
of the heat sink surface, W/(m2 · k); Tf is the temperature of the fluid around the heat sink, °C; Sj, Ss

are the adiabatic and heat sink surfaces.
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The law of conservation of energy is the basic law that must be satisfied by the flow system
containing the heat exchange process. Fluid energy conservation equation:
∂ (ρh)

∂t
+ ∂ (ρuh)

∂x
+ ∂ (ρvh)

∂y
+ ∂ (ρwh)

∂z
= −pdivU + div (λgradT) + Φ + Sh (3)

where: U is the velocity vector of the fluid; u, v, w are the velocity components of the fluid; h is the
specific enthalpy of the fluid; T is the fluid temperature; λ is the fluid is the thermal conductivity of
the fluid; p is the pressure of the fluid; Sh is the internal heat source of the fluid; φ is the is the fraction
of mechanical energy converted into heat due to viscous effects, called the dissipation function.

2.3 Establishment of Physical Model
2.3.1 Solved Region Models

The end physical model of solved region is shown in Fig. 2. The fluid regions include the rotating
air area and the static air area. The solid regions which are simplified by the actual structure include
core and ring, windings, equivalent insulation layer, hollow aluminum block, support block. The one
layer of insulation contains the main insulation and the insulating paint of the winding which is set by
the formula [17]. The lower windings are numbered in counterclockwise direction. The upper windings
are numbered in clockwise direction.

Figure 2: The end physical model of solved region

2.3.2 Setting of Boundary Conditions

Boundary conditions for the coupled solution of the fluid and temperature fields:

1. The motor is running in generator condition. The rotation speed is set to 400 rpm.
2. The air temperature at the inlet of the support block is 60°C.
3. The entrance and exit boundaries are all at standard atmospheric pressure. Both inlet and

outlet are pressure boundary conditions.
4. The heat source density of the body at the end of the rotor windings loss calculation is used as

the heat source.
5. Both the solid contact surface and the fluid-solid contact surface in the computational domain

are coupled surfaces.
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2.3.3 Mesh Generation

For the subdivision map of solved region, the Fluent meshing is used to divide the mixed high-
quality mesh of prismatic boundary layer mesh and hexahedral core body mesh. The surface mesh
is generated by global size constraint, local encryption, surface diagnosis to improve the quality of
the surface mesh, shared topology, automatic body mesh generation, mesh node movement and other
settings. The nodes of the fluid-solid intersection ensure consistency. Periodic boundary conditions on
both sides are maintained. The generated hexahedral hybrid mesh can ensure higher mesh quality and
higher computational accuracy with smaller number of meshes. The subdivision map of solved region
is shown in Fig. 3.

Figure 3: Subdivision map of solved region

3 Analyze and Discuss the Three-Dimensional Fluid Field and Temperature Field
3.1 Influence of the Number of Support Block on Fluid and Temperature Field

The support blocks are located at the inlet for rotor windings ventilation which are used to provide
air intake channels. The model of the original actual project is 49 support blocks in the circumferential
direction. In this part, the effects of doubling the number of support blocks on the fluid field and
temperature field at the end of windings is studied.

In order to analyze the influence of the number of support blocks on the fluid, the bottom section
Z = −0.02 m is selected. The velocity vector distribution cloud diagram is extracted as shown in
Fig. 4. When the number of support blocks increases, it is equivalent to dividing the original channel
into two channels. There are vortices in both channels. The distribution trend of the two channels is
the same. Increasing the number of support blocks allows for a more uniform distribution of air flow
in each channel.

In order to more clearly analyze the influence of the number of support blocks on the temperature
field, the temperature distribution at the position of No. 4–10 windings at the upper and lower layers
is extracted, as shown in Fig. 5. When the number of support blocks changes, the temperature of
the selected upper winding decreases and the temperature of the lower winding increases. Overall, the
temperature difference between the upper and lower windings decreases. The doubling number changes
the distribution of cooling air. The temperature of the lower winding increases but the temperature of
the upper winding decreases. The distribution of each flow path is more uniform. The temperature
peaks and differences between the upper and lower windings are reduced.



2248 EE, 2022, vol.119, no.6

Figure 4: Simulation of velocity distribution diagram

Figure 5: Comparison of sampling line temperature diagram at two quantities

3.2 Influence of Support Block Length on Fluid Field and Temperature Field
In the basic model, the length of the support block is the same radius as the iron core. In order

to study the influence of the length change on the ventilation and heat dissipation of the winding,
the support blocks with four lengths are selected for simulation calculation. The support block length
mark is listed in Table 2.

Table 2: Support block length mark

Mark CD1 CD2 CD3 CD4

Length [mm] 407 387 367 347

The mass flow and velocity values of the inlet at different lengths are extracted as shown in Fig. 6.
In general, when the length of the support block is the same as the radius of the iron core, the mass
flow and flow rate at the inlet are the largest. This is because with the decrease of the length of the
support block, more inlet cooling air can enter from the side, which will affect the value of the inlet
surface.
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Figure 6: Effect of length on inlet flow and velocity

In order to analyze the influence of the length of the support block on the fluid distribution,
the middle section Z = −0.3 m is selected to extract the air velocity and mass flow of the channel
section between windings, as shown in Fig. 7. It can be seen from the figure that for the channel section
between the lower windings, the length of the basic model is the best. The values of air velocity and
mass flow are the largest. With the decrease of length, the air velocity and mass flow of the section
decrease slightly. For the flow channel section between the upper windings, the flow velocity and flow
of the section do not change significantly with the change of length. But the flow rate and flow rate
values are maximum for length CD1. Generally speaking, the length of the support block with the
same radius as the iron core is the best.

Figure 7: Effect of length on the velocity and mass flow of the inter-winding section
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To further analyze the effect of the change in length of the front end of the support block on
the temperature field. The temperature distribution of the sampled lines at the same locations on the
surface of the upper and lower 4–10 windings is likewise extracted. This is shown in Fig. 8. It can be
seen that: when the length of the support block is varied within the range, the overall temperature
of the winding does not vary much, and the difference is around 1 K. When the length is CD1, the
temperature of both upper and lower windings is the lowest, which is consistent with the winding
runner section flow law. When the length is other, the difference of winding temperature is not
significant. Consistent with the distribution characteristics of the flow rate of the winding runner
cross-section, the distribution pattern is not very obvious. Therefore, taking the temperature value of
the sampling line on the winding surface as an example, the ventilation and heat dissipation capacity
of the rotor winding end is optimal when the length of the front end of the support block is kept at
CD1. The length is the same as the inner diameter of the core platen.

Figure 8: Influence of length change on No. 4–10 windings temperature diagram

3.3 Influence of Support Block Height on Fluid Field and Temperature Field
The height of the support block determines the size of the inlet area, which has an important

impact on the ventilation and heat dissipation of the end windings. However, with the increase of the
height, the overlapping area between the inner ring and the inlet is larger, so there will be greater reflux
at the inlet, which needs to be further studied in detail. Therefore, five support block models GD1–
GD5 with different heights are selected to study the effect of height on ventilation and heat dissipation
at the end of windings. The support block height mark is listed in Table 3.

Table 3: Support block height mark

Mark GD1 GD2 GD3 GD4 GD5

Height [mm] 150 130 170 190 210

When the support block height increases, the mass flow at the inlet is directly proportional to the
height, and the average velocity at the inlet is inversely proportional to the height. When the height
GD4 is 190 mm, the mass flow at the inlet is the maximum and the average speed is the minimum.
When the height is GD5, the mass flow rate should increase in principle when the cross-sectional area
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and the average flow rate of the cross-section increase. But the actual surface mass flow rate does not
increase but slightly decreases. The reason is that the height increases. The mass flow rate of the inlet
air that produces a return flow after reaching the surface of the inner ring increases. The effect of
height change on inlet flow and velocity is shown in Fig. 9.

Figure 9: The effect of height changes on inlet flow and velocity

In order to further analyze the influence of the height of the support block on the fluid field, the
middle section Z = −0.3 m is selected to extract the air velocity and mass flow value of the flow
channel section between windings, as shown in Fig. 10.

Figure 10: Effect of height on the velocity and mass flow of the inter-winding section
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When the height of the support block changes from 130 to 210 mm, the variation trend of cross-
section velocity and mass flow between windings is relatively regular. When the height is GD2, the flow
rate and flow rate are the smallest, and the cooling effect should be poor. With the change of height,
the air velocity and mass flow increase, but the difference between them is not great. When the inlet
height is GD5, the flow velocity and flow of its section do not obviously reach the maximum value,
because the inlet will produce greater reflux, which will affect the ventilation and heat dissipation of
the windings. For the lower windings, the pattern of the effect of height on the flow and flow rate in
the interwinding section is not obvious. For the upper windings, GD4 have greater mass flow and air
velocities.

The effect of the change in height of the front end of the support block on the temperature field is
further analyzed. The temperature of the sampled lines at the same position on the surface of the upper
and lower 4–10 windings is also extracted. Based on the five heights of GD1–GD5, the temperature
distribution of the sampled lines on the surface of the upper and lower 4–10 windings are compared.
As shown in Fig. 11. For the upper layer 4–10 windings, the temperature difference is not large, around
1 K. When the height is GD4, the surface temperature is relatively low. But the temperature difference
with other heights is not large. For the lower layer 4–10 windings, the temperature of the winding under
height GD2 is relatively large, and the temperature of the winding under height GD4 is relatively small.
But the temperature difference with the other heights under the other heights is not large.

Figure 11: Influence of length change on No. 4–10 windings temperature diagram

4 Conclusions

In this paper, the physical model with the retaining ring fixed pattern is established based on the
actual motor structural parameters of a power station. The end periodic three-dimensional coupling
transfer model is set with some assumptions. The fluid-temperature distribution characteristics at the
end of the winding is calculated by the finite volume numerical simulation method. Based on the
simulation results, the effects of the number, length and height of inlet support blocks on air-cooling
end windings are studied. The following conclusions are obtained:
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1. When the number of support blocks is varied, the bottom runner is divided into two identical
runners. Increasing the number of support blocks allows for a more uniform distribution of
air flow in each channel. The maximum temperature value in the calculation domain decreases
after increasing the quantity. The temperature of the upper winding sampling line is reduced
and the lower windings is slightly increased.

2. When the support block length is varied, for the fluid field, the peak flow velocity decreases
as the length decreases. The mass flow rate and air velocity values at the inlet decrease. The
air velocity and mass flow rate of the interwinding flow path cross section decrease. For
the temperature field, the temperature of the winding sampling line increases as the length
decreases. In the range of height variations in this paper, CD1 corresponds to the length of the
support block for best ventilation and heat dissipation performance in the range of variations
in this paper.

3. When the support block height is varied. For the fluid field, the mass flow rate and flow
velocity values at the inlet increase and then decrease as the height increases. When the height
is GD4, the flow velocity and mass flow rate of the flow channel cross section between the
windings are maximum. For the temperature field, there is little difference in the temperature
of the winding sampling line as the height increases. In the range of height variations in this
paper, overall GD4 corresponds to the lowest temperature for the upper and lower windings
in the range of variations in this paper.
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