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Abstract 

This paper investigates the recirculation channel with an addition of bleeding channels located on shroud 
surface of recirculation channel in the rotor domain, where the bleeding system consists of 36 channels 
distributed on the recirculation channel. This study focuses on its effects on aerodynamic performance of a 
single-stage transonic axial compressor, NASA Stage 37. Validation of numerical results was performed 
using experimental data for a single-stage transonic axial compressor. A parametric study with only three 
position of the bleeding channels were performed in a single-stage transonic axial compressor, NASA Stage 
37. The numerical results showed the aerodynamic performance of a single-stage transonic axial 
compressor was increased, such as total pressure ratio, adiabatic efficiency, stall margin as compared to the 
smooth casing. 

RC Keywords: Single-stage transonic axial compressor, Recirculation-bleeding channels, Reynolds-
averaged Navier-Stokes analysis, Total pressure ratio, Adiabatic efficiency, Stall margin. 

 

Nomenclature 
Notation* 
 chord length of blade tip (mm) 

IL  distance from rotor injection and rotor leading 
edge (mm) 

EL  distance from rotor ejection and rotor leading 
edge (mm) 

peakm  mass flow rate at peak efficiency condition (kg/s) 

stallm  mass flow rate at near-stall condition (kg/s) 

tP  total pressure (Pa) 

tT  total temperature (0C) 
 
Greek symbols 
α injection angle of rotor bleeding ejector (0) 
β ejection angle of rotor bleeding ejector (0) 
φ coverage angle of rotor bleeding ejector (0) 
γ specific heat ratio 
η adiabatic efficiency (%) 
 
Abbreviations 
CFD computational fluid dynamics 
EFF adiabatic efficiency (%) 
LSZ low speed zone 
PR total pressure ratio 
RANS Reynolds-averaged Navier-Stokes 
SM stall margin (%) 
SRE stable range extension (%) 
 

 
* Corresponding author:  Tel.: (+84) 934.638.035 
Email: truong.dinhcong@hust.edu.vn 

Subscripts 
max choking mass flow point 
peak peak adiabatic efficiency point 
stall near-stall point 
in inlet 
out outlet 

1. Introduction 

Flow through tip clearance of an axial 
compressor is an important element affecting the 
inception of stall and surge, and thus is a key concern 
in researches to improve the stability of the 
compressor. The tip clearance behavior is complex, 
which involves the interactions of leakage flow, end-
wall boundary and blade wakes. An early 
experimental study from Hunter and Cumpsty [1] 
revealed some aspects of the flow in tip clearance 
region as well as the important role of tip clearance 
on compressor’s performance. 

Recirculation casing treatment is one method 
that shows much potential in enhancing compressor 
performance and stability by dealing with undesirable 
phenomena in the tip clearance region. Koff et al [2], 
Hobbs [3], and Nolcheff [4] investigated a 
circumferential recirculation from the rear near the 
trailing edge to the front near the leading edge of a 
rotor blade on an axial compressor’s shroud surface. 
Air is bled from the region with highest pressure, then 
re-injected to the upstream location to energize the 
low momentum fluid, thus extend the operating range 
of the compressor. Hathaway [5] suggested a self-
recirculating casing treatment concept which 
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provided an increase in stall margin, pressure rise as 
well as compressor’s efficiency by combining tip 
injection and bleeding. Strazisar et al. [6] presented 
end-wall recirculation stall control with airflow being 
bled from a casing downstream of a stator blade row 
and then re-injected as a wall jet upstream of a 
preceding rotor row. The result was an extension of 
the stable operating range of high-speed, highly 
loaded compressor. Recently, Dinh et al. [7] 
investigated a feed-back channel to enhance operating 
stability of a single stage compressor. The result was 
an increase of 26.8% in stall margin with only 0.14% 
decrease in efficiency. 

The present work investigates the bleeding 
channels on the feed-back channel with two parts: the 
recirculation channel and sub-bleeding channels. 
Through the recirculation channel, high pressure air 
was extracted from the downstream and re-injected to 
the upstream location between the trailing and 
leading edges of rotor blades. With the addition of 
sub-bleeding channels, the feed-back channel could 
also perform bleed air extraction. Low momentum air 
would still be removed from the tip clearance region 
as in recirculation but would be bleed outside instead 
of being re-injected upstream. A parametric study 
was performed using geometric parameters of the 
sub-bleeding channels using three-dimensional (3D) 
Reynolds-averages Navier-Stokes (RANS) equations 
to find their effects on the performance of a single-
stage axial compressor (NASA Stage 37). 

2. Numerical Analysis 

2.1. Description of Geometry 

The single-stage transonic axial compressor 
investigated in this research by Reid and Moore [8] 
was NASA Stage 37 with 36 blades of Rotor 37 at a 
rotation speed of 17185.7 rpm (100% of design 
speed) and 46 blades of Stator 37. The values of the 
tip clearance for rotor and stator blades of this single-
stage compressor were 0.04 cm under the rotor 
shroud and 0.0762 cm over the stator hub, 
respectively. The peak adiabatic efficiency and total 
pressure ratio at peak adiabatic efficiency were 
84.00% and 2.00, respectively, at a mass flow rate of 
20.74 kg/s (peak efficiency condition). The choking 
mass flow rate was 20.93 kg/s at 100% of design 
speed, and the reference temperature and pressure 
were 288.15 K and 101,325 Pa, respectively. 

The geometry of the single-stage compressor 
and the recirculation-bleeding channels was generated 
using ANSYS 19.1 [9] as shown in Fig. 1, where the 
rotor and stator domains were created by using Blade-
Gen and the recirculation-bleeding channels were 
built by using Design Modeler. 

 
(a) 3D view  

 
(b) Meridional view  

 
(c) 3D of Recirculation-Bleeding Channels  

Fig. 1 Description of Recirculation-Bleeding 
channels 

Based on the recirculation channel design [7], 
the angles (α and β) indicated the angles of injection 
and ejection, and the references of these angles are 
commonly 45°. The coverage angle (φ) indicated the 
angle of the annular coverage of the channel around 
the central axis in one rotor passage. Due to the need 
for mechanical support for the channel, the maximum 
value of this angle (reference value) was fixed at 8°. 
The locations of the injection and ejection ports for 
the recirculation channel (LI, LE) were measured from 
the rotor leading edge with the reference values of 
40% and 70% of rotor tip chord length (CR), 
respectively. 
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Fig. 2. Meridional positions of bleeding channels 

 
Fig. 3. Computational domains and grids 

Three different locations of the bleeding 
channels along the upper surface of the recirculation 
channel, are presented at “Left”, “Middle” and 
“Right” as shown in Fig. 2. 

2.2. Numerical method 

The mesh of rotor and stator domains were used 
by Turbo-Grid®, whereas the computational domain 
of recirculation-bleeding channels was created using 
ICEM-CFD®, illustrated in Fig. 3. For the 
aerodynamic analysis, 3-D Reynold-Averaged 
Navier-Stokes (RANS) equations were solved using 
ANSYS CFX 19.1. ANSYS CFX-Pre, CFX-Solver 
and CFX-Post were used to define boundary 
conditions, solve the governing equations and 
postprocess the results, respectively. The working 
fluid is considered to be ideal air. Turbulence model 
k-ε was used with scalable wall function with y+ 
value ranging from 20 to 100. 

The performance parameters of a single-stage 
transonic axial compressor, NASA stage 37 in this 
research were the total pressure ratio (PR), adiabatic 
efficiency (η), stall margin (SM), which were 
presented by Dinh et al. [7]: 
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3. Results and disscution 

Dinh et al. [7] presented the validation of a 
single-stage transonic axial compressor, NASA Stage 
37 with the smooth casing optimum grid system of 
590,080 nodes (Mesh 2) as shown in Fig. 4. Fig. 5 
shows that the numerical and experimental results 
were good coincide, where the predicted peak 
adiabatic efficiency and stall margin, 83.85% and 
9.95% are very close to the measurement, 84.00% 
and 10%, respectively. 

Table 1 summarizes the numerical results of this 
investigation (Recirculation-bleeding channels) on 
aerodynamic performance of NASA Stage 37. It is 
clear that the recirculation-bleeding channels have 
positive effects on the aerodynamic performance of 
the single-stage compressor, where the total pressure 
ratio at the near-stall condition for all case of 
recirculation-bleeding channels is superior to that of 
smooth casing, except the stall margin for the 
“Middle” location of bleeding channels. The maximal 
value of total pressure ratio at the near-stall and peak 
conditions are 2.0976 and 2.0089, respectively, for 
“Middle” location of bleeding channels. The maximal 
efficiency value is 84.10% for “Left” location of 
bleeding channels. The value of 12.08 is the maximal 
stall margin with the “Right” location of bleeding 
channels in NASA Stage 37. 

The existence of low-speed zones is a factor that 
degrade the performance of a compressor. Fig. 6 
indicates that the size of low-speed zones was 
reduced with the application of recirculation-bleeding 
channels as compared to the smooth casing. 

Another factor that contributes to the extension 
of stall margin is the spanwise length of reattachment 
and separation lines on rotor blades suction surface. 
Fig. 7 shows that these lines are pushed down away 
from blade’s tip, which helps prevent the stall 
inception. Nevertheless, the level of impact is 
different among the locations of bleeding channels. In 
the case of smooth casing, the separation line is 
located at about the rotor blade tip while the 
reattachment line is at approximately 85% of rotor 
blade span. The “Right” location of bleeding channels 
is the most effective on the separation and 
reattachment lines, about 93% and 76% of rotor blade 
span, respectively. With “Left” location of bleeding 
channels, while the spanwise length of reattachment 
line is highly reduced to 75 % of rotor blade span, the 
separation line was very close to the rotor tip, at 
about 98% of blade span. 
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Fig. 4. Grid dependency tests for single-stage 
compressor, NASA stage 37 

 
Fig. 5. Validation of numerical results with 
experimental data for NASA stage 37 

 
Fig. 6. Relative Mach number contour at 98% span at 
peak adiabatic efficiency condition 

Table 1. Effects of recirculation-bleeding channels 
on aerodynamic performances of NASA Stage 37 

Location PRstall PRpeak η 
(%) 

SM 
(%) 

SC 2.0802 2.0045 83.85 9.95 
Left 2.0934 2.0076 84.10 11.36 

Middle 2.0976 2.0089 84.06 9.85 
Right (Ref.) 2.0868 2.0074 84.06 12.08 

 

 
Fig. 7. Streamlines of reattachment and separation 
flow on rotor blade surface at near-stall condition 

4. Conclusion 

The study focuses on the enhancement ability of 
a new recirculation casing treatment, called 
recirculation-bleeding channels. These channels were 
investigated numerically to examine its effects on 
enhancing the aerodynamic performance of the 
single-stage transonic axial compressor, NASA Stage 
37. These channels are capable of increasing the 
compressor’s stall margin without any penalty in 
terms of adiabatic efficiency and pressure ratio. A 
reference design of the channels increased the stall 
margin by 21.43% with small improvement in peak 
adiabatic efficiency, by 0.25%. The location of the 
bleeding channels play an important role in the 
effectiveness of the recirculation-bleeding channels 
on the aerodynamic performance of the single-stage 
transonic compressor, NASA Stage 37. 

Clearly, the study has not found the optimum 
design for this recirculation-bleeding channels. 
However, this preliminary investigation has shown 
positive result on the aerodynamic performance of 
this casing treatment. Further work is clearly 
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necessary to find the optimal design to maximize the 
aerodynamic performance of a single-stage transonic 
axial compressor. 
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