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Abstract In order to investigate the effect of plasma excitation on the aerodynamic performance, separation
flow control and flow field structure of low pressure turbine cascade, the exciter was loaded at different
positions of the suction surface, and the flow field of low pressure turbine cascade was simulated numerically
using the Transition SST transition model. The results show that the boundary layer separation on the suction
surface of the cascade can be effectively suppressed at different excitation positions, and the separation point
moves towards the trailing edge due to the smaller size of the separation bubble. Among them, the excitation
position inside the separation bubble has a good effect on flow control. The plasma excitation reduces the total
loss peak at the outlet and makes the position of the loss peak close to the pressure surface. The static pressure
coefficient on the cascade surface and the shear stress on the suction surface rise sharply at the excitation
position, which changes the pressure distribution on the cascade surface.
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1. Introduction

As one of the important components of the aeroengine, the weight of the low-pressure turbine accounts for one
third of the total weight of the engine. In order to reduce the weight of the engine and improve the thrust/weight
ratio of the engine, the high-load blades are gradually designed. However, the high load blade design makes the
reverse pressure gradient at the rear of the suction surface of the cascade rise, and the boundary layer of the
suction surface is more prone to separation [1]. In order to reduce the loss, it is necessary to control the cascade
flow field.

Flow control includes passive control [2-4] and active control. As a new active flow control technology,
dielectric barrier discharge plasma excitation has many advantages: 1) small size and simple structure. 2) Rapid
response and low energy consumption. 3) It can adapt to different flow conditions [5]. Pescini et al. The plasma
excitation effectively inhibits the expansion of the separation zone along the flow direction, and makes the
separation point move downstream.

In this paper, the influence of plasma excitation on the boundary layer separation on the suction surface of low
pressure turbine cascade is studied by numerical simulation.
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2. Numerical simulation method

2.1. Calculate domain settings

The research object of numerical simulation is the high load low pressure turbine plane cascade T106A. Figure
1 shows the schematic diagram of the grid in the calculation domain. The grid near the end wall and cascade
surface is locally densified. The number of grids in the whole calculation domain is about 2.4 million.

Figure 1: Calculation of domain grid maps
The transition SST turbulence model is adopted, and the Reynolds number at the cascade outlet is defined
according to the isentropic expansion process under all operating conditions. The calculation formula is

Re. — PMa,C [y T2(T, +110.4)
20 R TZ(T,+110.4)
Where, p2 is the outlet static pressure; Ma; is the Mach number of the exit interface. The working conditions

used in this numerical simulation are all Ma;=0.4; C is the chord length of the cascade; T¢=273.16K. T is the
outlet static temperature during isentropic expansion, and the calculation formula is

T2 — Ttl

1+;(y—1)Ma22

(2-1)

(2-2)

Where, Ty is the total inlet temperature.

2.2. Plasma phenomenological model
As shown in Figure 2, the dielectric barrier discharge plasma exciter consists of the upper and lower plates,
insulating dielectric and AC power supply.

Exposed
electrode

Figure 2: Sketch of plasma actuator
In this paper, the linear volumetric force model proposed by Shyy [8] is used to simulate the electric field force
exerted by the strip electrode actuator on the flow field. The model assumes that the electric field force only acts
in the triangle area OAB, and the electric field strength decreases linearly with the increase of the distance from
the O point, The electric field intensity in the triangle OAB is E=Eq-kix-k2z, then the electric field intensity in
the x and z directions is:
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;klz + k22 (2_4)

E, =
Where, ki=(Eo-Ep)/b and ki=(Eo-Ep)/a.

2.3. Layout scheme of plasma exciter

As shown in Figure 3, three kinds of actuator arrangement schemes are designed, namely, DBD plasma
actuators are installed at 15% Cax (P1), separation point (P2) and 15% Cax (P3) before the separation point where
boundary layer separation occurs on the suction surface of the cascade.

Figure 3: Layout diagram of plasma exciter

2.4. Model validation

The comparison between the numerical simulation results and the experimental results is shown in Figure 4. The
results show that the numerical simulation results are in good agreement with the experimental results. The
static pressure coefficient is defined as

Cp — p_pZ
ptl_pZ

Where, p is the static pressure value of the cascade surface; pu is the total inlet pressure.

(2-5)

Experiment [9]
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Fig. 4 Distribution of static pressure coefficient

3. Analysis of simulation results

Figure 5 shows the distribution of static pressure coefficient at different blade heights. After 80% Cax of the
suction surface of the cascade, a pressure platform is generated on the suction surface of the cascade, and the
boundary layer is separated, resulting in separation bubbles, which increases the flow loss. In order to improve
the aerodynamic performance of the low pressure turbine, the actuator arrangement scheme that can disturb the

flow of the boundary layer, make the pressure platform behind 80% Cax disappear, inhibit the separation of the
=
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boundary layer, inhibit the generation of separation bubbles, and reduce the flow loss is effective. Therefore, it
can be seen from the above analysis that the plasma excitation effect can effectively control the flow field of the
low-pressure turbine, eliminate the pressure platform, reduce the flow loss and enhance the aerodynamic
performance of the low-pressure turbine when the actuator is installed in the P; position. However, while
eliminating the pressure platform, the lateral pressure on the suction surface and pressure surface is increased,
and the secondary flow at the end of the cascade channel is enhanced.

The shear stress can reflect the separation of the boundary layer on the suction surface of the cascade. Figure 6
shows the distribution of the shear stress on the suction surface at different blade heights. Through the
comparison of the distribution of the suction surface of the cascade, it can be seen that the plasma excitation
effect of installing the actuator at Pz position has better control effect on the flow of the boundary layer of the
suction surface of the cascade, making more shear stresses within the axial
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Figure 5: Distribution of high static pressure coefficient in different leaves
chord length range at positive values, inhibiting the separation of the boundary layer and the generation of
separation bubbles. Compared with the analysis results of the static pressure coefficient distribution on the
suction surface of the cascade, both the static pressure coefficient distribution and the shear stress distribution on
the suction surface show that the plasma excitation effect of the actuator installed at P3 can inhibit the boundary

layer separation.
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Figure 6: Shear stress distribution on suction surface of cascade at different blade heights
Figure 7 shows the distribution of total pressure loss coefficient in different flow directions. The total pressure

loss coefficient is defined as

0= Py — P2

Py —P;

31

As the flow section is closer to the outlet of the cascade channel, the mass average value of the total pressure
loss coefficient on the section becomes larger and larger. And from x/Ca=0.75 to x/Cx=1.25, the mass average
value of the total pressure loss coefficient of mass flow on the section increases sharply. When x/Cx < 1.0, when
the actuator is installed at P3 position on each flow direction section, the total pressure loss of the average mass
on the section is always greater than the other three conditions. When 0.8 < x/Cax < 1.0, the mass average total
pressure loss coefficient decreases nonlinearly on the same flow direction section of Re»n0.6-Ps, Clean,
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Re2in0.6-P2 and Rexn0.6-P1 working conditions. On the flow section with x/Cx=1.0, the mass average total
pressure loss coefficient under Re2n0.6-P3 and Clean conditions is equal.

Figure 8 shows the distribution of the total pressure loss coefficient at the cascade outlet under four different
actuator installation positions. The circumferential dimension is normalized based on the grid distance. y*=0 is
the side near the suction surface, and y*=1 is the side near the pressure surface. When y*< 0.15, the total
pressure loss coefficient at the cascade outlet of four different actuator installation modes is equal. When 0.15 <

y* < 0.6, the spanwise average total pressure loss coefficient under Clean
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Figure 7: Distribution of total pressure loss coefficient on sections with different flow directions

condition is the largest at the same location in the circumferential direction. As the installation position of the
actuator moves from the front of the separation point to the rear of the separation point, the total pressure loss
gradually decreases. The total pressure loss when the actuator is installed at P; and P, is almost equal, which is
between the total pressure loss when the actuator is installed at Pz and Clean. When y* > 0.6, the total pressure
loss of the actuator installed at the same position in the circumferential direction under Pz working condition is
almost the largest, slightly higher than that under Clean working condition. The total pressure loss of the
actuator installed at P, and P is equal, which is smaller than the total pressure loss under Clean condition. It can
be seen from the above analysis that when the actuator is installed at P3 position, the total pressure loss at the
cascade outlet is the smallest under the effect of plasma excitation.
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Figure 8: Distribution of total pressure loss coefficient at cascade outlet
Figure 9 shows a two-dimensional streamline diagram at 50% of the blade height. The distribution of the
secondary streamline at 50% of the blade height is similar to that at 30% of the blade height. Similarly, when the
actuator is installed at P3 position, the plasma excitation effect of the actuator has a better effect on the
disturbance of the boundary layer flow on the suction surface of the cascade. The large separation bubble is split
into two small separation bubbles under the plasma excitation effect, and the position of the separation bubble
moves towards the trailing edge of the cascade.
Figure 10 shows the total pressure loss nephogram of 125% Cax section. Above the blade height of z/H=0.3 and
above the blade height of z/H=0.3 under four working conditions, as the installation position of the actuator
moves from the front of the separation point to the rear of the separation point, the area ratio of the total pressure
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loss coefficient in the range of 0.2 to 0.3 on the flow section of the cascade channel x/Max=1.25 gradually
decreases, the thickness of the separation boundary layer decreases, and the total pressure loss gradually
decreases. At the position of z/H=0, the total pressure
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Figure 9: 2D streamline map and flow velocity contour
loss when the actuator is installed at P3 is lower than that at P, and P,. The plasma excitation effect of the
exciter at the three locations of the exciter installation has disturbed the flow field in the cascade channel and
changed its original flow. Among them, the plasma excitation effect of the exciter installed at the P3 location is
better than the other two locations in reducing the total pressure loss of the flow section.

(a) Clean (b) Rexn0.6-P1 (c) Rezmo 6-P, (d) Re0.6-P3

Q00 01 02 03 04 06 07 08 09 1.0
Figure 10: Total pressure loss contour

4. Conclusion

In this paper, T106A cascade is selected as the research object, and the influence of different excitation positions
on the flow field of low pressure turbine is studied using RANS method. The main conclusions are as follows:

1) Different excitation positions can effectively inhibit the boundary layer separation on the suction surface of
the cascade, and the size of the separation bubble is smaller, making the separation point move towards the
trailing edge. Among them, the excitation position inside the separation bubble has a good effect on flow control.
2) The plasma excitation reduces the total loss peak at the outlet and makes the position of the loss peak close to
the pressure surface.

3) The static pressure coefficient on the cascade surface and the shear stress on the suction surface rise sharply
at the excitation position, which changes the pressure distribution on the cascade surface.
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