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Abstract: To explore the flow mechanism and improve the performance of supersonic tandem rotor
blades, the supersonic rotor Rotor37 is taken as the prototype and redesigned to an original supersonic
tandem rotor. Then, based on the Kriging model, the physical programming method, and improved
particle swarm optimization algorithm, a multi-objective optimization methodology is developed
and applied to achieve the multi-objective optimization of the supersonic tandem rotor blades.
Compared with Rotor37, the mass flow and surge margin of the original tandem rotor obviously
increased. However, the efficiency of the original tandem rotor was slightly lower than Rotor37.
After multi-objective optimization, compared with the original tandem rotor, the total pressure ratio
and efficiency of the optimized tandem rotor significantly increased, and the efficiency increased by
1.6%. Further, the surge margin increased by 2.75%. The range and intensity of the high-loss region
in the middle section of the optimized tandem rotor significantly decreased, and the range of the
low-loss area in the middle region and tip region significantly increased, but the range and strength
of the high-loss area in the tip region changed a little. The reason for the decrease of total pressure
loss in the middle region and tip region is that the three-dimensional optimization of the blade
significantly reduced the shock loss and boundary layer separation loss of the front blade. At the
same time, the mixing loss between low energy fluid and the main flow in blade wake also reduced.
Besides, the three-dimensional optimization of the blade had little impact on the leakage flow and the
secondary flow generated by the mutual interference of the leakage flow and shock wave.

Keywords: supersonic tandem rotor; multi-objective optimization; shock loss; boundary layer
separation loss; leakage flow; secondary flow

1. Introduction

The aerodynamic design of modern compressors faces more and more challenges with increasing
performance requirements for compressors to realize higher efficiency, higher pressure ratios, and more
extensive stability margins. As an effective high-load cascade of compressors, tandem cascades have
some excellent performances in higher stage pressure ratios, fewer stages number, and higher stages’
efficiency compared to similar single cascades [1,2]. Further, tandem cascades have successfully been
applied in the compressor stators of engines, such as J85, JT8D, and GE J-79 [3].

In the 1970s, on its single-stage test rig, Pratt and Whitney carried out experimental studies on
tandem blades under transonic and subsonic conditions [4–8]. The results showed that the performance
of tandem rotors is not as good as that of conventional rotors under the condition of transonic velocity,
but better than that of conventional rotors under the condition of subsonic velocity. Wu et al. [9] did
significant basic research work on the tandem blade of double arc airfoil and controlled diffusion airfoil
under subsonic velocity flow. Roy and Saha et al. [10,11] studied the turning angle and relative position
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of tandem stators. Bammert et al. [12–14] adopted tandem rotors on multi-stage axial flow compressors.
The isentropic efficiency at the design point of this compressor was 0.856, and the stability margin
was about 5%. McGlumphy applied the tandem rotor at the outlet of the high-pressure compressor.
The load coefficient at the design point of the tandem rotor was 0.54, the isentropic efficiency was 0.91,
and the stall margin was 19%. The results showed that the tandem rotor had a great advantage in load
capacity and efficiency compared with a single rotor under the subsonic condition [15,16].

According to the known research results, the design difficulty of subsonic tandem blades is
relatively small, and its total pressure ratio and adiabatic efficiency can reach a high level. Compared
with subsonic tandem blades, the design of transonic and supersonic tandem blades has some
difficulties. Urasek et al. [17] designed and tested transonic tandem rotors with a design pressure
ratio of 1.77, an adiabatic efficiency of 88%, and a stall margin of 10%. Hasegawa et al. [18] studied
the design method of transonic tandem fans and designed a transonic fan with a high pressure
ratio. The fan structure was composed of an inlet guide vane, rotor, stator, and outlet guide vane.
The isentropic efficiency of the fan was 0.80, the pressure ratio was 2.2, and the stall margin was
about 10%. The transonic tandem rotor designed by Sakai et al. [19] had an adiabatic efficiency of
84.9%, a pressure ratio of 2.3, and a stall margin of about 10%. Liu et al. [20,21] studied the matching
characteristics between the front and rear blade by adjusting the axial and circumferential positions
of the transonic tandem rotor and tandem stator. The total pressure ratio of the designed transonic
tandem rotor was 2.25, the isentropic efficiency was 0.92, and the stall margin was about 7%.

According to the existing research results, the performance and the stability margin of the high-load
subsonic tandem rotor are better than that of a traditional single-row rotor. However, few researchers
pay attention to the performance of the supersonic tandem rotor, and the stability margin of the
transonic and supersonic tandem rotor is also lower. Therefore, to explore the flow mechanism
and improve the flow performance of the supersonic tandem rotor, this paper carried out some
relevant researches on the supersonic tandem rotor. The main contribution of this study is twofold.
The first contribution is to develop a multi-objective optimization methodology based on the Kriging
model [22], the physical programming method [23], and the improved particle swarm optimization
algorithm [24]. And the optimization methodology was applied to achieve the optimization design of
the supersonic tandem rotor blades. Based on the original and optimized tandem rotor, the second
goal is to comprehensively analyze the flow mechanism of the supersonic tandem rotor blades.

2. Numerical Method and Validation

2.1. Numerical Method

The flow solver EURANUS in NUMECA was used for the present work. The flow solver of
EURANUS solves the compressible 3D RANS equations on a structured multi-block grid. The RANS
equations were discretized in space using a cell-centered finite volume scheme with fourth-order
artificial dissipation. And the equations were solved using an explicit fourth-order Runge–Kutta
method with a local time step. The accuracy of the cell-centered finite volume scheme, which contains
information on the left and right sides of a spatial point, is the second order. The accuracy of the 4-stage
fourth-order Runge–Kutta method is the fourth-order, which contains four time-step information.
The total pressure, total temperature, and flow direction in the absolute frame of reference were applied
at the inlet [25]. A static pressure at the mid-span was specified at the outlet, and the static pressure from
hub to shroud was obtained by the radial equilibrium equation. No-slip, no-heat transfer boundary
conditions were imposed on the solid walls. The one-equation turbulence model of Spalart-Allmaras
(SA) [26] was utilized for the turbulence calculation, which has shown good results and has been
widely used in the researches of tandem configurations [27,28]. The NUMECA/autogrid5 was used to
mesh the passage of the cascade, and a single channel O4H topology was generated. The butterfly grid
technique was used in the real blade tip clearance. The grid orthogonality was more than 10◦. To meet
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the requirement of the SA turbulence model that the boundary layer Y+ was less than 10, the mesh
scale of the near-wall surface was 1e-6m.

2.2. Validation of Numerical Method

Because any open geometry and experiment result of supersonic rotors cannot be obtained to
verify the numerical method, Rotor37 of NASA was selected and simulated here to validate the
numerical method using in this paper. The reason for using Rotor37 is that Rotor37 is the prototype of
the supersonic tandem rotor investigated in this paper. Besides, Rotor37 was tested in detail by Reid
and Moore [29,30], and many experiment results of Rotor37 can be obtained. The design parameters of
Rotor37 are summarized in Table 1.

Table 1. The design parameters of Rotor37.

Parameters Parameters

Rotating Speed/(r/min) 17,188
Blade number 36
Pressure ratio 2.106

Hub–Tip radius ratio 0.7
Tip clearance/m 0.00036
Flow rate/(kg/s) 20.19

To study the influence of the number of grid nodes in numerical simulation on the flow field
structure of the supersonic rotor, the grid independence check of Rotor37 is carried out in this Section.
Figure 1 shows the isentropic efficiency and total pressure ratio characteristics of Rotor37 in different
grid nodes. The number of grids of GRID1, GRID2, GRID3, and GRID4 was about 0.6 million,
0.8 million, 1 million, and 1.2 million, respectively. The four grids had the same topology structure.
It can be seen that with the increase in the number of grid nodes, the peak efficiency and mass flow
increased gradually, but when the number of grid nodes was more than 1 million, the increase in
the number of grid nodes had little effect on the flow field. An excessive number of grid nodes will
significantly increase the computing resources required, which is not conducive to the development
and effective conduct of the research. Therefore, the final computing grid of Rotor37 was about
1 million.
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Figure 1. The isentropic efficiency and total pressure ratio of Rotor37 in different grid nodes.
(a) The isentropic efficiency; (b) the total pressure ratio.

To further verify the accuracy of numerical simulation in performance prediction and flow field
structure capture of a supersonic compressor, this paper also carried out a comparative study between
numerical simulation results of Rotor37 and experimental results. Figure 2 shows the comparison
between the numerical simulation results and the experimental results at the design speed of Rotor37.
It was found that the variation trend of the characteristic curve of the numerical model was basically
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consistent with the experimental results. The maximum efficiency obtained by numerical simulation
in this paper was 87.07%, and the corresponding pressure ratio was 2.036. The maximum efficiency
was 87.6%, and the corresponding pressure ratio was 2.056. Figure 3 is the comparison between the
experimental results and the numerical simulation results of the relative Mach number at 95% blade
height at the maximum efficiency point of Rotor37. It can be seen that the Mach number obtained by
numerical simulation was basically consistent with the experimental value, which proved that the
results of the numerical simulation method in this paper are reliable.
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3. Design and Analysis of Supersonic Tandem Rotor

In this paper, the supersonic rotor Rotor37 was taken as the prototype, and five configuration
parameters about the relative position of the front and rear blade were selected according to the
design experience of the supersonic tandem cascade. Then, Rotor37 was redesigned to a supersonic
tandem rotor. Considering that the inlet Mach number of the middle section and tip section of the
rotor was relatively high, the precompression cascade was used for both the middle section and tip
section to reduce the Mach number and shock loss. According to the numerical simulation method
above, the computational grid of the tandem rotor was about 1.8 million. Figure 4 shows the final
computational grid of Rotor37 and the tandem rotor. The overall cell count in the tip gap of Rotor37
and tandem rotors was 27 at the spanwise.
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Figure 5 shows the characteristic comparison between Rotor37 and the original tandem rotor at
the design speed. This paper selected the peak efficiency point as the rotor design point. As can be seen,
compared with the Rotor37, the mass flow and the surge margin of the original tandem rotor obviously
increased. However, the efficiency of the tandem rotor was slightly lower than Rotor37. The reason is
that as the tandem rotor adopted the initial design blade, the blade surface layer separation is more
serious, and the total pressure loss is larger. Therefore, a three-dimensional optimization design of the
blades of the original tandem rotor is carried out in the following section.
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4. Optimization System

To improve the flow characteristics of the supersonic tandem rotor, this paper studied the
optimization design method of supersonic tandem rotor blades. In the optimization, the physical
programming method was used to transform the multi-objective problem into the single-objective
problem, and the Kriging model was used to create a relationship between the target function
and the optimization variable. Then the optimal value of the target function was found by the
improved particle swarm optimization algorithm. The main flow chart of the optimization system
includes: (1) the optimized Latin hypercube method was used to obtain the sample library, and the
numerical model was used to calculate the corresponding value of the objective function of the sample.
(2) The Kriging model of the comprehensive preference function of the physical programming method
was constructed. (3) The multiple sampling points were obtained based on the improved PSO and
the improved parallel multi-point sampling strategy of the Kriging model. (4) The numerical method
was used to calculate the value of multiple objective functions and judge whether the convergence
conditions were satisfied. If not, the evaluated multiple sampling points were added to the sample
base, and the next round of optimization was started again.
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4.1. Parameterization Method and Optimization Variables

The parameterization of the camber line of the tandem blade and the parameterization of the
thickness distribution of the tandem blade were the same as Reference [3] and accomplished by
the NURBS method with 12 control points. Compared with the traditional polynomial method,
the NURBS method can parameterize complex curves with fewer control points. Besides, the NURBS
parameterization method can realize partial modification of complex curves and effectively reduce
the number of optimization variables. Figures 6 and 7, respectively, show the parameterization of the
camber line and the bound and the rand of the camber line during optimization. In the picture, the ctrl
and fitting present the NURBS control points and NURBS line. And the rand presents the sample of the
camber line during optimization.
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During the optimization, to ensure that the inlet and outlet geometric angle remained unchanged
in the optimization process, the two control points of the NURBS curves at the beginning and the end
remained unchanged, and the other 8 control points of NURBS of the camber line and the thickness
distribution were selected as optimization variables of the tandem blade. In the process of NURBS
parameterization, the irregular motion of control points may result in unreasonable tandem cascades.
Therefore, in this study, the motion direction of control points was defined along the vertical direction
of the NURBS curves, so that each of the control points could be described by a vertical coordinate,
considering that the flow field structure of the front blade of the tandem rotor was complex and the
total pressure loss of the front blade was larger. Besides, the flow field structure of the rear blade was
good, and the changes in the geometry shape of the rear blade could not obtain a big effect on the
performance of the tandem rotor. Therefore, only the front blade was optimized. The three-section
cascade of the hub, mid, and tip section of the front blade was selected as the optimization object.
The total number of optimization variables was 48.

4.2. Optimization Objective Function and Constraints

In order not to reduce the surge margin of the supersonic tandem rotor, this paper selected the
design point and near stall point of the supersonic tandem rotor as a multi-objective optimization work
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condition. The optimization objective was to maximize the entropy efficiency of design point and near
stall point, and the constraint condition was to ensure that the change of mass flow in the optimization
condition was less than the given change limit of mass flow and the total pressure ratio was not less
than the total pressure ratio of the original tandem rotor. Equations (1) and (2), respectively, give the
constraints of the design point and the near-stall point. The surge margin in this paper is defined as
Equation (3).

∆mdesign < (∆mdesign)limit && πdesign > (πdesign)limit (1)

∆mstall < (∆mstall)limit && πstall > (πstall)limit (2)

SM = (
πstallmdesign

πdesignmstall
− 1) × 100% (3)

where mdesign and mstall are, respectively, the mass flow of design point and near stall point, πdesign and
πstall are, respectively, the total pressure ratio of design point and near stall point.

5. Optimization Results and Analysis

Figure 8 shows the cascade profile comparison of the tandem rotor before and after optimization.
For description convenience, ORG represents the original tandem rotor, OPT represents the optimal
tandem rotor. It can be seen that compared with the front blade of the original tandem rotor,
after optimization, the turn angle of the rear segment of the front blade hub section was smaller, and the
degree of precompression in the front segment of the middle section increased, which reduced the
Mach number in front of the shock wave and the boundary layer separation loss caused by the shock
wave. The expansion degree of the passage in the rear segment of the tip section decreased, and the
adverse pressure gradient of the airflow through the blade tip section decreased. Table 2 shows the
comparison of the design point performance and surge margin of the original and optimized tandem
rotor, Rotor37, is also included in the table. Figure 9 shows the characteristics comparison of Rotor37
and the original and optimized tandem rotor.
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Figure 8. The cascade profile comparison of the original and optimized tandem rotor. (a) The hub
section; (b) the middle section; (c) the tip section.

Table 2. The performance comparison of Rotor37 and the original and optimized tandem rotor.

Parameter Mass Flow(kg/s) Total Pressure Ratio Efficiency (%) Surge Margin

Rotor37 20.73 2.036 87.07 14.76%
ORG 20.90 2.096 85.71 17.60%
OPT 20.80 2.098 87.31 20.35%
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Figure 9. The characteristics comparison of Rotor37 and the original and optimized tandem rotor.
(a) The isentropic efficiency; (b) the total pressure ratio.

It can be seen from Table 2 and Figure 9, compared with the original tandem rotor, the optimized
tandem rotor slightly reduced the mass flow at the design point, but the mass flow rate of the optimized
tandem rotor was still higher than Rotor37. After optimization, the total pressure ratio and efficiency
of the design point obviously increased, and the efficiency increased by 1.6%, and the surge margin
increased by 2.75%. It can be seen from the total pressure ratio characteristics that the total pressure
ratio of the original and optimized tandem rotor changed little.

Figure 10 shows the span distribution of the efficiency and total pressure ratio on the design point
of the original and optimized tandem rotor. It can be seen that compared with the original tandem
rotor, the optimized tandem rotor significantly increased the efficiency of 20–80% span and reduced
the total pressure loss of most of the span. Besides, the optimized tandem rotor reduced the total
pressure ratio of the hub section, but increased the total pressure ratio and the load near the middle
section. To explore the change mechanism of the efficiency and total pressure ratio of the original and
optimized tandem rotor, the flow field structure of the tandem rotor was further analyzed.
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Figure 10. The span performance of the original and optimized tandem rotor. (a) The efficiency;
(b) the total pressure ratio.

Figure 11 shows the relative Mach number of 10% span at the design point of the original and
optimized tandem rotor. After optimization, the flow field of the 10% span section of the tandem rotor
seldom changed. The strength of the bow shock wave at the leading edge of the front blade was weak,
and the upper branch of the bow shock wave at the leading edge extended to the suction surface of the
adjacent blade to form a channel shock wave. After the inlet flow passed the shock wave, the subsonic
flow continued to decelerate and increase pressure in the expansion channel of the rear blade, and there
was no obvious boundary layer separation loss on the suction surface of the front and rear blade.
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high. To reduce the shock wave loss caused by supersonic velocity, the precompression blade was 

Figure 11. The relative Mach number of 10% span of the original and optimized tandem rotor.
(a) Original tandem rotor (ORG); (b) optimal tandem rotor (OPT).

Figure 12 shows the relative Mach number of 50% span at the design point of the original and
optimized tandem rotor. It can be seen that to reduce the loss of supersonic speed, the front blade
of the original tandem rotor was a precompression blade, and the turning angle of the front blade
was negative. The strength of the bow shock wave at the leading edge of the front blade was weak.
After passing the lower branch of the bow shock wave, the supersonic flow was still supersonic. In the
front segment of the blade, the supersonic inlet flow continued to accelerate and reduce pressure in the
expansion channel. Due to the use of a precompression blade, the acceleration of the airflow in the front
part of the blade was very small. A local booster deceleration zone appeared in the central segment,
while the flow continued to accelerate through the channel shock in the rear segment. After passing the
channel shock wave, there was obvious boundary layer separation and low-speed wake zone, and the
wake of the front blade progressed to the downstream and mixed with the main flow, which caused an
obvious total pressure loss. This is the reason for the low efficiency in the middle section of the original
tandem rotor. After optimization, the precompression degree of the front and middle segment of the
front blade increased, the trend of the negative turn angle of the front and middle segment of the front
blade also increased, and the velocity of the airflow in the front segment was basically unchanged.
The degree of deceleration in the middle segment of the blade increased, and the intensity of the
shock wave and the boundary layer separation loss after the shock wave reduced, which significantly
reduced the mixing loss between the wake of the front blade and the main flow.
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Figure 12. The relative Mach number of 50% span of the original and optimized tandem rotor.
(a) ORG; (b) OPT.

Figure 13 shows the relative Mach number of 90% span at the design point of the original and
optimized tandem rotor. It can be seen that the inlet Mach number at the tip section was relatively
high. To reduce the shock wave loss caused by supersonic velocity, the precompression blade was
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adopted at the tip section of the front blade. The turn angle of the front segment of the front blade of
the tandem rotor was negative, and the back segment of the front blade was an equal-area straight
path. The turn angle of the tandem rotor mainly concentrated in the rear blade. After optimization,
the precompression degree of the front blade increased, and an obvious deceleration zone appeared on
the suction surface of the front blade, which significantly reduced the Mach number in front of the
shock wave and also obviously reduced the shock loss and boundary layer separation loss after the
shock wave.
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Figure 13. The relative Mach number of 90% span of the original and optimized tandem rotor.
(a) ORG; (b) OPT.

Figure 14 shows the static pressure distribution on the surface of the original and optimized
tandem rotor on the design point. It can be seen that the three-dimensional optimization of the front
blade of the tandem rotor changed the load distribution of the corresponding blade and had a great
impact on the load distribution of the rear blade. At the 10% span section, after the optimization,
the static pressure distribution on the suction surface of the front blade was almost unchanged.
The static pressure on the pressure surface decreased. The load of the front blade decreased, but the
load of the rear blade increased. At the 50% and 90% span, the variation of the load of the tandem rotor
was consistent with that of the 10% span. After optimization, the load of the front blade decreased,
while the load of the rear blade increased. Based on the above analysis, it can be seen that the reduction
in front blade load is conducive to the reduction in tandem rotor shock loss and boundary layer
separation loss after the shock wave. Therefore, as the load of the front blades decreased, the low-speed
and high-entropy zone of the front blade reduced, the flow field of the front blade improved, the flow
field of the rear blade improved, and the diffusion degree and load of the rear blade increased.
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Besides, the supersonic tandem rotor means the existence of a shock wave, and the shock wave
loss and the separation of the boundary layer after the shock wave were also obvious. As can be seen
from the relative Mach number image (Figures 11 and 13), for the rear blade, the position of the shock
wave could be approximated by the position of the sudden rise of the static pressure on the suction
surface of the blade. The front blade was different from the normal supersonic blade. The hub section
was the same as the normal supersonic blade, but the middle section and tip section was not the same
as the normal supersonic blade. For the middle and tip sections of the front blade, the position of
the sudden rise of the static pressure on the pressure surface can be approximated as the position
of the shock wave. As can be seen from Figure 14, the three-dimensional optimization of the front
blade changes the position of the shock wave in the front blade, and the shock wave moved to the
trailing edge of the front blade. The shock wave in the blade hub section moved to the trailing edge at
a smaller distance. But the shock wave in the middle and tip section moved to the trailing edge at a
larger distance. The shock wave moved from the front edge of the pressure surface to the middle of the
pressure surface. Due to the use of a precompression blade, the deceleration degree of the supersonic
flow increased as the shock wave moved to the trailing edge of the blade, which reduced the intensity
of the shock wave and the boundary layer separation zone caused by the shock wave.

Figure 15 shows the surface static pressure and streamline of the suction surface of the original
and optimized tandem rotor. There was an obvious separation line at the hub and middle section of
the suction surface of the front blade of the original tandem rotor, and the position of the separation
line extended from 10% span to 60% span. The separation line was generated by the boundary layer
separation caused by the shock wave. Near the hub section of the front blade, there was obvious
angular separation caused by radial migration of the end wall boundary layer. The three-dimensional
optimization of the front blade significantly reduced the boundary layer separation range in the middle
section of the front blade. The position of the separation line extended from the 10% span to about the
40% span, which improved the flow field structure in the middle section of the tandem rotor. On the
suction surface of the rear blade of the optimized tandem rotor, the low-energy fluid in the middle
section had radial migration to the tip section due to the action of centrifugal force, and the range of
radial migration of the boundary layer was larger than that of the original rotor. However, there was
no obvious boundary layer separation line on the suction surface of the rear blade. This is because the
airflow on the rear blade was subsonic, and the proper boundary layer migration from the middle
section to the tip section can improve the flow field in the blade.
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analysis, it can be seen that the reason for the decrease of total pressure loss in the middle region and 
tip region is that the three-dimensional optimization of the blade significantly reduced the shock loss 
and boundary layer separation loss of the front blade. At the same time, the mixing loss between low 
energy fluid and the main flow in blade wake reduced. Comparing with the entropy distribution in 
tip area of the original and optimized tandem rotor, it was found that the total pressure loss in the 
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did not significantly improve the flow field in the tip area, and had little impact on the leakage flow 
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Figure 15. Static pressure and streamline of the suction surface of the original and optimized tandem
rotor. (a) ORG; (b) OPT.

Figure 16 shows the entropy distribution of the mean flow surface of the original and optimized
tandem rotor. It can be seen that there was an obvious high loss area in the middle section of the rear
blade of the original tandem rotor, which was mainly caused by the mixing loss between the wake of
the front blade and the main flow. After optimization, the high-loss area from the 20% span to the 90%
span of the trailing edge of the front blade was significantly reduced, and the high-loss area was mainly
caused by the shock wave loss and the boundary layer separation loss. At the same time, the high-loss
area in the middle section of the rear blade was also significantly reduced, which indicates that the
blade optimization significantly improved the flow field in the middle section of the blade and reduced
the mixing loss between the low-energy fluid in the blade wake and the main flow.
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Figure 17 shows the entropy distribution of the S3 surface at the outlet of the original and optimized
tandem rotor on the design point. It can be seen that after optimization, the range and intensity of the
high-loss region in the middle section of the tandem rotor significantly decreased, while the range
of the low-loss area in the middle region and tip region was significantly increased, but the range
and strength of the high-loss area in the tip region changed little. From the above analysis, it can be
seen that the reason for the decrease of total pressure loss in the middle region and tip region is that
the three-dimensional optimization of the blade significantly reduced the shock loss and boundary
layer separation loss of the front blade. At the same time, the mixing loss between low energy fluid
and the main flow in blade wake reduced. Comparing with the entropy distribution in tip area of the
original and optimized tandem rotor, it was found that the total pressure loss in the tip area was seldom
changed, which indicates that the three-dimensional optimization of the blade did not significantly
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improve the flow field in the tip area, and had little impact on the leakage flow and the secondary flow
generated by the mutual interference of the leakage flow and shock wave.Energies 2020, 13, x FOR PEER REVIEW 13 of 15 
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6. Conclusions

In this study, to explore the flow mechanism and improve the performance of supersonic tandem
rotor blades, the supersonic rotor Rotor37 was taken as the prototype and redesigned to an original
supersonic tandem rotor. And then, a multi-objective optimization methodology was developed
and applied to achieve the optimization design of the supersonic tandem rotor blades. The main
conclusions from the current research are as follows.

(1) Compared with Rotor37, the mass flow and the surge margin of the original tandem rotor
obviously increased. However, the efficiency of the original tandem rotor was slightly lower than
Rotor37. The reason is that the original tandem rotor adopted the initial design blade, the blade
surface layer separation was more serious, and the total pressure loss was larger.

(2) After multi-objective optimization, compared with the original tandem rotor, the total pressure
ratio and efficiency of the optimized tandem rotor significantly increased, and the efficiency
increased by 1.6%, and the surge margin increased by 2.75%.

(3) The range and intensity of the high-loss region in the middle section of the optimized tandem
rotor significantly decreased, and the range of the low-loss area in the middle region and tip
region significantly increased, but the range and strength of the high-loss area in the tip region
changed little. The reason for the decrease of total pressure loss in the middle region and tip
region is that the three-dimensional optimization of the blade significantly reduced the shock loss
and boundary layer separation loss of the front blade. At the same time, the mixing loss between
low energy fluid and the main flow in blade wake also reduced.

(4) The three-dimensional optimization of the blade did not significantly improve the flow field in
the tip area and had little impact on the leakage flow and the secondary flow generated by the
mutual interference of the leakage flow and shock wave.
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