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ABSTRACT 

Traditional high-speed compressor experiments are limited by high cost, high risk, and low accuracy. Hence, 
developing the low-speed modelling method to replace high-speed experiments brings convenient for experimental 
investigation. The passive corner separation control with blade end slots, previously proposed by us, has been proved to be 
very effective in a highly loaded compressor cascade. The purpose of this study is to explore the low-speed modelling 
method for the compressor cascade blading with blade end slots. Positive design strategies are utilized with the 
parameterization of datum and end slotted cascade, respectively. The Reynolds averaged Navier-Stokes simulations are 
conducted to study the low-speed modelling method. Comparisons are made between the flow field of the low-speed 
modular cascade and the original high-speed cascade for both datum and slotted blades. Flow features of blade performance 
over the operating range, spanwise distribution of flow parameters, non-dimensional velocity on the blade surface, total 
pressure loss contours and limiting streamlines etc. appear in good accordance between the low-speed modelled slotted 
cascade and the original high-speed slotted cascade. Comparisons show that the low-speed modelling method developed 
for the cascade blading with blade end slots could provide similar flow features to the original end slotted cascade in a wide 
incidence range. Hence, this study proves the feasibility of applying the low-speed modelling process to the low-speed 
experimental validation of blade end slots.  

1 INTRODUCTION 
Increasing thrust-to-weight ratio and reducing fuel consumption rate are the future development direction for military 

aero-engines (Banks,2003). Smaller size, higher speed, higher efficiency of the core compressor is the developing direction 
of civil aviation design (Birch,2000). While reducing weight means either reducing the number of stages, or reducing the 
number of single-stage blades. Namely, the single-stage pressure ratio is required to be increased, and the solidity is desired 
to be reduced. Both requirements desire for the significantly increase of aerodynamical loading of the blade. Cumpsty 
(2004) pointed out that corner separation is the most important cause of loss for the compressor stator. Thus, effectively 
suppressing the corner stall under large incidence of highly loaded compressors is the most important way for developing 
advanced aeroengine compressors. 

Generally, corner stall exists in the junction region enclosed by the rotor/stator suction surface and the endwall of a 
highly-loaded compressor under off-design conditions. There are three main reasons for this: First, the adverse pressure 
gradient in the blade passage results in the stagnation and separation of the boundary layer flow; Secondary, the low 
momentum flow in the blade end region couldn’t afford the transverse pressure gradient and results in the secondary flow 
that migrates along blade suction surface; Last, the flow state in the boundary layer of the incoming flow along endwall 
influences the flow in the blade end region consequently (Lei et al.,2008). According to these three aspects, a lot of work 
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have been done on the control of the flow in the blade end region. The control methods could be divided into two types 
depending on whether it acquires additional energy supply or not. The active control method that requires additional energy 
mainly includes boundary layer suction (Liu et al.,2014), plasma excitation (Li et al.,2010), synthetic jet (Matejka et 
al.,2008), et al. And the passive control method mainly includes three-dimensional (3D) blading (Gallimore,2002), wing 
fence (Hage et al.,2007), vortex generator (Hergt et al.,2013), asymmetric endwall contouring(Chen et al.,2012), full-span 
slot (Ramzi et al.,2011) or tandem blade (McGlumphy et al.,2009), tail slitting (Zhao et al.,2020) , et al. Compared with 
active control method, passive control method has the advantages of simple structure, no additional weight, and low cost, 
so it is easier to be utilized in engineering. 

In our previous study (Liu et al.,2016), a novel passive control strategy using blade end slot was proposed and 
numerically studied in a low-speed highly loaded PVD cascade, to control the corner separation. Then the control method 
with blade end slot has been investigated numerically and experimentally by our group in several compressor cascades 
(Tang et al., 2017; Sun, 2018; Tang et al., 2019; Tang et al., 2020; Sun et al., 2021). The effect of the blade end slots on 
control corner separation in a low-speed linear cascade and a high-speed sector cascade with fan stators were studied by 
experiments (Sun, 2018; Sun et al., 2021). Systematically numerical and experimental studies were conducted to validate 
the control effect of blade end slots on corner separation in a high-speed high-loading cascade (Tang et al., 2017; Tang et 
al., 2019; Tang et al., 2020). The above results from several cascades show that the blade end slots can effectively suppress 
the corner separation and broaden the effective operating range. This is mainly because that the slots could generate self-
adaptive high-momentum jet flow to reduce separation and restrain its migration toward midspan, and weaken the cross-
passage migration of low-momentum endwall flow into suction surface corner. However, experimental research on real 
end slotted blade in high subsonic compressors faces the problems such as high cost and diminutive size of detected region 
due to small size. Therefore, the development of low-speed simulation technology for the blading with blade end slots is 
desired to assist in reducing the experimental cost and providing an amplified detaching region for the experimental 
measurement. 

For isolated airfoils, low-speed simulation can be achieved by the Prandtl-Glauert law (Lees, 1946). Although Woolard 
(1950) and Zhu et al. (1990) deduced the similar transformation criteria of high-speed to low-speed cascade on this basis, 
the practical application effect is not ideal because they are still based on the theory of potential flow. In the 1970s, GE's 
Wisler (1977; 1984) successfully designed low-speed blades on the basis of guaranteeing a series of similar criteria, then 
the reliability of the low-speed modelling method has been experimental verified on a four-stage repeated low-speed 
compressor with a 3D blading method developed based on this technology. After that, Lewis Research Centre in NASA 
(Wasserbauer et al., 1995), Rolls-Royce company together with Cambridge and Cranfield University (Lyes, Ginder, 1998; 
Gallimore et al., 2002), MTU and Dresden University of Technology (Boos et al., 1998), Nanjing University of Aeronautics 
and Astronautics (Wang et al., 2012), Beihang University (Liu et al., 2018) have successively established low-speed four-
stage large-scale test rigs. The verification and application of advanced compressor technology has become possible. 

In this study, the high-speed highly loaded CA cascade with its design Mach number of 0.59 is numerically 
investigated. Both the datum cascade and the end slotted cascade that experimentally tested previously are investigated by 
low-speed modelling process. The design of the low-speed datum blade and end slotted blade adopts the traditional positive 
design method. Results show that the high-speed and low-speed datum/end slotted cascades have similar flow structures, 
proving that the low-speed modelling design for both datum blade and blade end slots are successful.  

2 COMPUTATIONAL SETUP AND VALIDATION 

2.1 Geometry of Datum and End Slotted Blades  
Experiments on the high-speed datum blade and end slotted blade were conducted previously by Tang et al. (2017). 

The datum blade configuration is a highly loaded high-turning compressor cascade, whose profile is cut off at the middle 
span of a modern compressor stator. The geometric parameters of the datum blade and the end slotted blade could refer to 
Tang et al. (2017, 2020). 

The end slotted blade shares the same geometry parameters as the datum one. The 3D model of the end slotted blade 
is shown in Figure 1. Each blade consists of two slots at the blade end. A-A is a spanwise cross section of the slotted parts 
where the two slotting profiles keep identical along spanwise and each profile occupies 20 percent of span length. The 
current slotting profile is consistent with the profile verified by experiment. 

In order to facilitate the low-speed modelling of the slots, the slot profile need to be parametrically defined. Each slot 
profile is defined as three arcs, namely, the leading edge/trailing edge fillets, the main arc of the slot, and the transition arc 
between the slot and datum blade. By manually modifying the parameters of each arc, the parametric double-slot profile is 
basically consistent with the experimental double-slot profile. The double-slot profile contains four curves, which contains 
12 arcs. The degree of freedom for each arc is 3, so the parameterized double-slot requires 36 degrees of freedom to 
constrain. Excluding the 16 constraints that are tangent between the arcs and datum blade profile, 20 additional constrains 
are needed. The slot inlet/outlet width has a great influence on the slot outflow jet and must be used as strong constraints 
(Figure 1 green). The axial position of the intersection point between the slotted part and unslotted profile (marked in green 
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and blue in Figure 1), the axial position of the tangent point between the main arc of the slot and the transitional arc (marked 
in magenta in Figure 1), and the axial position of leading edge and trailing edge of each segment (marked in blue in Figure 
1) affect the local blade surface pressure and velocity distribution. Considering that the low-speed modelling requires the 
same dimensionless velocity distribution on the blade surface, these parameters should be used as strong constraints. 
Therefore, the slot profiles are finally parameterized by the axial relative positions of the 16 important points and 4 slot 
widths as shown in Figure 1. The constraints marked in green in Figure 1 (b) are the key control variables for slot design 
in literature (Tang et al.,2017). 

 

Figure 1 3D Model and Cross Section Configurations of the End Slotted Blade Geometry 

2.2 Numerical Method 
Steady Reynolds averaged Navier-Stokes simulations are conducted using NUMECA. The convective fluxes, as well 

as the diffusive fluxes, have been discretized by the second-order central scheme.  
Due to the symmetry of the cascade in the spanwise direction, only half of the blade height is selected as the 

computational domain. The total grid number of the high-speed datum blade is 2.16 million. The slotted blade adopts a 
new topology structure on the basis of the 6 H grid blocks of the original H-O4H-H blade grid, three small O grids are 
refined in the O grid to ensure the grid quality of wall surface boundary layer grid quality, remaining volumes are filled 
with 9 H grid blocks (as shown in Figure 2 ). The final grid number of high-speed slotted blade used is 3.24 million.  

 

Figure 2 Grid for end slotted blade                Figure 3 Yp Contours at the Measurement Plane 

A-A 

Sec1 
Sec2 Sec3 

(a) 3D Model of the End Slotted Blade (b) Cross Section Configurations of the End Slotted Blade 

A A 

(a) Exp_0° (b)  SA-Helicity_0° 
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The Spalart–Allmaras (SA) model (Spalart and Allmaras,1992) is a preferred method in compressor engineering due 
to its simplicity, robustness and efficiency. However, the original SA model trends to over predict corner separation when 
the blade loading is high, and Liu et al. (2011) modified the SA model (named SA-Helicity) using velocity helicity to 
consider turbulence energy backscatter of the vorticial flow. The helicity correction is proved to be better for predicting 
complex flow in compressors (Lee et al.,2017; Kim et al.,2019). Hence, the SA-Helicity model is used in this study 
(validation as shown in Figure 3). 

3 LOW-SPEED MODELLING METHOD FOR THE COMPRESSOR CASCADE BLADING WITH BLADE END 
SLOTS 

The low-speed modelling of end slotted blade can be divided into two stages: low-speed modelling of the datum blade 
and low-speed modelling of the slotted profile. For linear cascades, there is no variation in spanwise stacking of the datum 
profile in the blade middle and the slotted profile in the blade end region, so the dimension can be reduced to a low-speed 
modelling of the original two-dimensional (2D) blade profile and slot profile. 

3.1 Low-Speed Modelling Method for Datum 2D Blade Profile 
The positive design method is adopted for the low-speed modelling design of the 2D blade profile. In the positive 

design, the definition of blade shape, mesh generation, and numerical simulations are all conducted by Denton’s procedure, 
which is open accessed. The procedure has been developed over many years, it has been run on a very large number of 
data sets and could provide realistic result for almost all cases (Denton,2017). The advantages of Denton’s procedure are 
the diverse blade section definition methods, automatic mesh generation and fast simulation speed. The disadvantage is 
that the simulation convergence and accuracy are a little poor, so Numeca verification is required after the design is 
completed. The specific design process is shown in Figure 4 which can be expanded into the following steps. 

 

Figure 4 Diagram of 2D Low-speed Blade Profile Modelling 
1) Parameterization of low-speed blade profile  
In this paper, the low-speed blade profile adopts the method of defining the mean camber line and the stacking 

thickness, and the stacking thickness is distributed symmetrically along the mean camber line. The mean camber line is a 
spline curve with its tangent angle in 0, 20%, 40%, 60%, 80%, 100% axial chord length position given. The stacking 
thickness is between the straight line and the quadratic curve given along the chord length based on the inherent algorithm 
of the Denton’s procedure by a thickness distribution control coefficient. 

2) Constrain of geometric parameters of the blade profile based on one-dimensional simulation 
Theoretically, if the hub-tip ratio, aspect ratio, and solidity of the high-speed and low-speed blade profiles are 

completely consistent, simply to determine the outer diameter of the casing, the blades spanwise height, chord length, pitch 
and the number of blades can be fully constrained. However, the three dimensionless similarity criteria for successful low-
speed simulations are difficult to guarantee the same. The reason is that the hub ratio is generally limited by the low-speed 
test rig, and the solidity is limited by the flow parameters Df and Cp. For the positive design, the biggest problem is that 
the low-speed blade is more curved, and the flow turning angle is different from the high-speed blade. For the stators, it is 
generally desirable that the outlet flow angle of both high-speed and low-speed should remain the same to meet the similar 
incoming flow conditions for the rear stage blades. This leads to the difficulty of specifying the inlet flow angle of the low-
speed blade in the numerical simulations. Based on one-dimensional derivation, this paper obtains an approximate 
simulation method for the inlet flow angle of the low-speed blade under the assumption of ensuring the consistence of 
outlets Df and Cp for the high-speed and low-speed blades. Eq. (1) and Eq. (2) show the results, whereβis a compressible 
correction factor determined by Ma. An approximate low-speed blade outlet metal angle can also be obtained through 
combination with a reasonable deviation angle model.  
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3) Manual adjustment of geometric parameters 
The rest parameters include the tangent angle of each position on the mean camber line of the blade profile, the position 

of the maximum thickness of the blade profile, the thickness stacking law, the radius of the leading edge and the trailing 
edge fillet, etc. It is difficult to achieve these parameters through simple derivation, so manual adjustment and iterate 
simulation are required to meet the distribution of the dimensionless speed coefficients of the high-speed and low-speed 
blade surfaces. 

3.2 Low-Speed Modelling Method for 2D Slots 
The slotted profile is parameterized according to the method in Figure 1. After ensuring that the axial relative positions 

of the arc end points for each segment of the high-speed and low-speed slot profiles are consistent, the parameters to be 
constrained for the entire channel section are only two variables, namely, the width of the slot inlet and outlet. For double 
slots, the parameters to be constrained are four. 

In this paper, a simple method for calculating the width of the inlet and outlet of the low-speed slot is obtained by 
derivation. The derivation is based on the following three assumptions. 

1) The mass flow ratio of the jet flow for the low-speed slotted blade is consistent with this for the high-speed 
counterpart. 

2) The averaged Cp at the inlet and outlet throat positions of the high-speed and low-speed slot is consistent. 
3) The flow from the leading edge of the blade to the outlet of the channel is isentropic. 
The deduced slot width is shown in Eq. (3). 

 

0 0 0 0

'
0 1 0

1 *' ' ' *' ' '1 1
1 0 0 1 0 0*' *'

0 0*' * *' *' * *'
0 0 0 0 0 0 0 0

/

( )( ) ( )( )
( ) 2 (1 ( ) )

( ) ( )

k

k k

m m m
A

p p p p p p p p p p
cpT

p p p p p p p p





   
  

 

 (3) 

All parameters of the above formula can be directly obtained through high-speed CFD results or low-speed boundary 
conditions. In the subsequent verification process, it is found that the above formula is very accurate for the results of the 
outlet width of the two slots, but the inlet width needs to be increased by 10% to meet the requirement of consistent non-
dimensional velocity coefficients in the high-speed and low-speed slots. The reason relates to the difference in inlet 
geometric angle between the high-speed and low-speed slots. This method can greatly reduce the number of iterations 
required for the slot design. 

3.3 Spanwise Stacking of Low-Speed Cascade 
For the low-speed modelling of 3D blades, it is necessary to meet the stacking laws of each element blade profiles 

along the spanwise direction. The CA cascade is a linear cascade without 3D stacking in spanwise direction. According to 
this rule, the low-speed blade cascade is obtained by stretching the designed 2D blade profile in the spanwise direction. 
However, due to the influence of the endwall boundary layer of the incoming flow, the inlet Ma at the near endwall region 
is lower than 0.59, which may have a certain impact on the low-speed simulation results. 

 

Figure 5 Datum Cascade Spanwise Ma Distribution and Blade Surface Non-dimensional Velocity 

(a) Datum Cascade Spanwise Ma Distribution (b)  Blade Surface Nondimensional Velocity 
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Figure 5 (a) shows the distribution of inlet Ma at half span of the CA datum cascade. It can be seen that at the height 
of 1% blade height, Ma is 0.45. Figure 5 (b) compares the difference in the dimensionless velocity distribution of the blade 
surface when the inlet Ma is 0.59 and 0.45. It can be seen that the decrease in Ma at this height does not have a large impact, 
which only has a certain impact on the peak velocity of the suction surface. So, the difference is acceptable. Within 1% of 
the blade height, the inlet Ma gradient is very large, but due to the low flow rate in this area, the impact on the modelling 
results of the entire blade cascade is very limited. Therefore, this paper still uses the linear stretching method which 
consistent with the datum cascade for the 3D stacking of the low-speed cascade. 

3.4 High-Speed and Low-Speed 2D Datum/Slotted Blade Profile 
The purpose of low-speed simulation is to reflect the flow structures in high-speed flow field through low-speed 

experiments. However, due to the difference of inlet Ma, low-speed simulation is destined to fail to satisfy the similarity 
theory in the dynamic similarity. At this time, geometric similarity needs to be discarded to compensate for the impact of 
dynamic similarity.  

 

Figure 6 2D Profile of High-Speed and Low-Speed Datum/Slotted Blade 
 
The final design of the low-speed blade and slots profile are shown in red line in Figure 6, while the black line 

represents the corresponding high-speed prototype. To make a facilitate comparison, the axial chord length is 
nondimensionalized. It can be clearly seen that the low-speed blade profile has a larger camber angle than the high-speed 
blade profile, and the overall blade profile is thicker. The relative width of the low-speed slots outlet is not much different 
from that of the high-speed slots, but the relative width of the slot’s inlet is wider. At the same time, due to the difference 
between the high-speed and low-speed blade profiles, the geometric angle of the inlet of the low-speed slots are larger than 
that of the high-speed slots. Table 1 shows the difference of main geometric parameters and flow parameters between the 
high-speed and low-speed slotted blades. It can be seen that the low-speed slots obtained by the method in section 3.2 has 
very little difference in jet ratio with the high-speed slots, indicating the slots low-speed simulation method is reliable. 

 
Table 1 Key Parameters of High-Speed and Low-Speed Slotted Blade Profile 

Parameters Type Key Parameters High-Speed Low-Speed 

Geometric Parameters 

Chord length c  [mm] 55 111 

Solidity c/t  [-] 1.52 1.49 

Inlet metal angle [°] -48.09 -55.8 

Stagger angle [°] -21.7 -23.8 

Camber angle [°] 52.94 61.8 

Outlet mental angle [°] 4.85 6 

Slots width / 
Chord length [-] 

Inlet 2.43% / 2.79% 2.73% / 3.17% 

Outlet 1.67% / 1.83% 1.59% / 1.80% 

Flow Parameters 

Incidence angle at DC [°] 0 -4.5 

Deviation angle at DC [°] 10.4 11.9 

Slot jet flow ratio [-] 3.61% / 3.48% 3.66% / 3.42% 

Design Ma number [-] 0.59 0.15 

High-Speed Datum/Slotted Blade 
Low-Speed Datum/Slotted Blade 
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4 RESULTS AND DISCUSSION 

4.1 Comparison of High-Speed and Low-Speed 2D Datum/Slotted Blade Profile 
In the boundary layer momentum Eq. (4), the increase of the boundary layer thickness is mainly affected by the second 

term on the right (Lieblein et al.,1953). It can be seen that the velocity gradient in the streamwise is very important to the 
development of the boundary layer. Therefore, the low-speed simulation must ensure the uniformity of the dimensionless 
velocity distribution in flow direction on the blade surface. This paper adopts the blade inlet speed for the dimensionless 
speed. 

 2
( 2)

d dv
H

dx v dxv

  


    (4) 

Figure 7 shows the dimensionless velocity distribution on the blade surface of the datum blade and the slotted blade. 
It can be seen that, except for the slight difference between the front edge of pressure side and the highest position of the 
suction surface, the dimensionless velocity distribution of the blade surface of the high and low-speed blade remains a high 
degree of consistency. The main reason for the inconsistency is that the Denton’s procedure defines the mean camber 
stacking thickness only through one shape parameter, and is symmetrical to the thickest position of the blade profile. The 
over-simplified low-speed blade profile definition method is difficult to completely match the original high-speed blade 
profile. Even so, because the fluid near the front edge of the suction is accelerated, the boundary layer thickness does not 
change significantly, so it will not have much impact on the low-speed simulation results, so the low-speed simulation of 
the blade profile is successful. The nondimensionalized velocity distribution on the slot surface in Figure 7 (b) is almost 
completely consistent, which proves that the slot similarity transformation method based on the assumption in Section 3.2 
is applicable. 

 

Figure 7 Non-dimensional Velocity Distribution of 2D High-speed and Low-Speed Datum/Slotted Blade  
 

The flow parameters in Figure 8 are defined as follows. 
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With the change of the incidence, the one-dimensional aerodynamic parameter curve of the 2D datum blade is shown 
in Figure 8. It can be seen that the Yp, Cp, Df of the high-speed and low-speed airfoil are consistent between -8° and 2°. 
When the angle is less than -8°, the Ma in the channel throat position reaches 1, so the high-speed blade enters the choking 
condition, resulting in the rapid rising in Yp, and falling in Cp and Df. However, due to the low inlet Ma of the low-speed 
blade, there is no choking condition, so the changing for flow parameters is not significantly. When the incidence is greater 
than 2°, the changes of flow parameters of the high and low-speed blades are consistent, but the low-speed blade is not as 
sensitive to the changes in the incidence as the high-speed blade. The reason can be seen in Figure 7 (a). The flow velocity 
gradient of the suction surface of the high-speed blade is slightly larger than that of the low-speed blade. It can be seen 
from Eq. (4) that this leads to a faster increase in the boundary layer thickness of the suction surface of the high-speed 
blade, and the ability to overcome large incidence is also weaker, namely, the flow parameters are more sensitive to the 

(a) 2D Datum Blade (b)  2D Slotted Blade 
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incidence. This finding is reflected by the curve of the deviation angle of the high-speed and low-speed blades with the 
incidence. Since the camber curve angle of the low-speed blade is larger, its deviation angle is larger than that of the high-
speed blade. With the increase of the incidence, the difference in the deviation angle of the high and low-speed blade 
decreases gradually. It can be seen that the ability of the high-speed blade to overcome the boundary layer separation of 
the suction surface is weaker at large incidence. 

 

Figure 8 Flow Parameters over the Range of Operation of 2D Datum Blade 

4.2 Comparison of High-Speed and Low-Speed 3D Datum/Slotted Cascade 
Figure 9 shows the incidence and Yp, Cp curves of the 3D datum/slotted cascade. It can be seen that for the high-speed 

and low-speed datum cascades, except for the point that high-speed cascade entering the choking condition at the incidence 
of -10°, the curves are almost coincident at the other incidences. Although the similarity of the high-speed and low-speed 
slotted cascade is not as good as that of the datum cascade, the shape of the curves is closer to the 2D incidence 
characteristics of the blade profile in Figure 8. To a certain extent, it reflects that slotting in the end zone inhibits the three-
dimensionality of the flow, and the channel blockage is greatly relieved. 
 

 
 

(c)  Deviation angle                                     (d)  Df 
  

(a)  Yp                                          (b)  Cp 
  

(a) Yp for Datum Blade (b) Cp for Datum Blade 
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Figure 9 Yp and Cp over the Range of Operation of 3D Datum/Slotted Blade 
Due to the existence of the 3D corner separation, the distribution of flow parameters along the spanwise direction are 

different. Figure 10 shows the changes in the spanwise direction of the pitch averaged flow parameters at the measurement 
plane of the high-speed and low-speed datum/slotted cascade under design conditions. From the results, the difference 
between the high-speed and low-speed datum cascades is mainly reflected in the range of 10%-20% blade height. The 
specific manifestation is that the low-speed cascade has greater loss, higher load, and lower outlet relative Ma; The 
difference of the slotted cascade is mainly reflected in the 0-10% blade height range. The low-speed slotted cascade has 
less loss, lower load, and higher outlet relative Ma near the endwall. The deviation angle distribution of the low-speed 
datum/slotted cascade is consistent with that of the high-speed datum/slotted cascade. On the whole, the flow parameters 
of the high-speed and low-speed datum/slotted cascade have good similarity in the spanwise distribution. 

 

Figure 10 Pitch Averaged Flow Parameters at the Measurement Plane at Incidence=0° 
The loss caused by the corner separation can be quantified by the Yp in the measurement plane behind the cascade. 

Figure 11 shows the contours of the Yp at the 60% chord length behind the high/low speed datum/slotted cascade. It can 
be seen from Figure 11 (a) and (b) that the low-speed results of the high-speed datum cascade is very successful. The loss 
distribution and size on the measurement plane are highly similar. The only difference is that the low-speed cascade has a 
slightly higher loss region. From the comparison of Figure 11 (c) and (d), it can be seen that the low-speed slotted cascade 

(c) Yp for Slotted Blade (d) Cp for Slotted Blade 
 

(c)  Deviation angle                                 (d)  Ma/Ma0m  
  

(a)  Yp                                         (b)  Df 
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achieves the same corner control effect as the original high-speed slotted cascade, and the high loss region is also reduced 
from more than 30% blade height to 25% blade height. However, the position of the high-loss core region of the low-speed 
slotted cascade is relatively high, and the shape of the high-loss zone near the endwall is different from that of the high-
speed slotted cascade. 

 

Figure 11 Yp Contours at the Measurement Plane at Incidence=0° 

 

Figure 12 V/V0 Contours and Limiting Streamlines at Incidence=0° 
The limiting streamline can clearly reflect the flow condition of the wall, thereby revealing the main problems of the 

flow near the wall. In Figure 12 (a) and (b), the initial separation point in the suction surface, the size of the separation 
zone, and the strength of the transverse flow on the endwall are all similar confirming the similarity of the high and low-
speed datum cascade flow fields. For the low-speed simulation of the slotted cascade, there are two main differences 
between Figure 12 (c) and (d). Firstly, at a position not far behind the trailing edge of the first slot, the endwall of the high-
speed slotted cascade has an obvious focus point, the focus intensity of the low-speed slotted cascade is much smaller here; 
Secondary, the crossflow region near the trailing edge of the suction surface of the high-speed slotted cascade is a slightly 
smaller, without backflow occurring at the endwall. The trailing edge crossflow of the suction surface of the low-speed 
slotted cascade is a little bit bigger, at this time, the endwall flow near the trailing edge has already returned. The first 
difference is mainly due to the mixing of the jet boundary layer and the mainstream boundary layer at high-speed varies 

(a) Datum Blade_Ma=0.59       (b) Datum Blade_Ma=0.15        (c) Slotted Blade_Ma=0.59      (d) Slotted Blade_Ma=0.15 

(a) Datum Blade_Ma=0.59                    (b) Datum Blade_Ma=0.15   
  

(c) Slotted Blade_Ma=0.59                    (d) Slotted Blade_Ma=0.15   
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from that of low-speed. The second difference is the main reason for the difference between Figure 11 (c) and (d), and its 
formation is related to difference 1. 

5 CONCLUSIONS 
The CA cascade with its mid-span inlet Mach number of 0.59, incidence angle of 0 ° is chosen as the design condition, 

the corresponding low-speed cascade is designed through positive design method combined with partial theoretical 
derivation. At the same time, the paper also provides a low-speed modelling method for the blade end slots through 
parameterized research. Through the comparison of high-speed and low-speed datum/slotted cascade flow field, 
conclusions are drawn as following: 
1) In a large incidence range except for blocking conditions, the one-dimensional characteristics of Yp and Df of the high-

speed and low-speed slotted cascades are similar. 
2) Yp, Df and deviation angle at the rear of the high/low speed slotted cascades all have similar spanwise distributions, 

except for slightly difference near the endwall. 
3) The location and size of the high Yp areas at the rear of the high-speed and low-speed slotted cascades are similar. 
4) The limiting streamlines indicate that the main vortex structure of the flow field of the high-speed and low-speed 

slotted cascades are similar. 

NOMENCLATURE 
 

Notation  Abbreviations  Subscripts  

Ma Mach number Yp  Total pressure loss 
coefficient 

0 Blade inlet 
p  Pressure  1 Slots inlet 
  Density Df  Diffusion factor 2 Slots outlet 
v  Velocity Cp  Static pressure 

coefficient 
3 Blade outlet 

  Solidity  m Mid-span 

X/t Ratio of pitch DC Design condition t Pitchwise direction 

Y/h Ratio of blade height Superscripts  x Streamwise direction 

  * Stagnation   
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