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Abstract

blade.
Consequently,
the
configuration
enhances
the
stability of the compressor
effectively
than
the
configuration.

This paper presents a numerical
investigation
on
the
effect
of
Reynolds Number on the Groove Casing
Treatment in NASA rotor 67. The
results indicate that the blade
loading near the casing decreases as
the Reynolds number decreases, which
weakens the flow exchange between
the blade passage and the grooves.
Compared
with
the
low
Reynolds
number case, the positive axial
momentum injected into the blade
passage from the grooves is higher
and the negative axial momentum
through the tip gap is reduced more
significantly
at
high
Reynolds
number.
Thus
the
groove
casing
treatment
is
more
effective
in
reducing the low momentum area due
to
the
tip
leakage
flow
and
repositioning the interface between
the tip leakage flow and incoming
flow downstream at high Reynolds
number in contrast to low Reynolds
number. This results in a higher
stall margin improvement at high
Reynolds Number than low Reynolds
Number. In order to improve the
stall margin of the compressor at
low Reynolds Number further, two
configurations with air injection at
the bottom of one groove are tested.
The configuration with air injection
near the leading edge (CG_1) reduces
the blockage due to the tip leakage
flow and delays the spillage of the
tip leakage flow more effectively by
higher injected axial momentum at
the front part of the blade. Whereas
the configuration with air injection
after the shock (CG_4) suppresses
the boundary layer separation more
effectively by higher injected axial
momentum at the rear part of the

CG_1
flow
more
CG_4

Nomenclature
H
m
PR
P
T

momentum flow rate
mass flow rate
total pressure ratio
total pressure
total temperature

Subscripts
s
in
SC
CG
low
cor

near stall point
inlet
smooth casing
casing grooves
low Reynolds Number
converted

Introduction
The
aerodynamic
instability
including rotating stall limits the
stable
operating
range
of
compressors.
The
stall
of
compressors generally starts in the
blade tip region. For transonic
compressors, complex interaction of
the shock, the tip leakage vortex
and the boundary layer separation
exists near the casing, which can
cause flow blockage and have adverse
impact
on
the
aerodynamic
stability1-3. In order to improve the
flow field in the blade tip region
and increase the stall margin of
compressors,
numerous
casing
treatment configurations have been
investigated by the researchers4-6.
In recent years, circumferential
groove casing treatments7, 8 and slot
casing treatments9-10 are most widely
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studied. Compared to slot casing
treatments, circumferential groove
casing treatments usually generate
lower stall margin improvement but
induce smaller efficiency losses11.

into the blade passage from the
grooves
and
the
negative
axial
momentum through the tip gap was
reduced, so the stall margin of the
compressor was improved.

There
have
been
many
investigations that tried to reveal
the mechanisms responsible for stall
margin
improvement
caused
by
circumferential
groove
casing
treatments. Rabe and Hah12 examined
the two-dimensional boundary layer
effect, tangential velocity effect,
end wall boundary layer effect and
leakage vortex segmentation effect
which are caused by the casing
grooves in a transonic compressor.
They identified that the reduction
of the incidence near the leading
edge of the pressure side is the
main mechanism for stall margin
improvement
owing
to
the
circumferential
groove
casing
treatment.
Wilke
and
Kau13
numerically investigated the effect
of circumferential groove casing
treatment on the tip leakage flow in
a transonic compressor. The results
indicated
that
casing
grooves
enhanced the flow stability because
the casing grooves could reduce the
losses of the tip leakage vortex and
prevent the vortex breakdown. Muller
investigated
the
et
al14
circumferential
groove
casing
treatment in a transonic compressor
by
numerical
simulation
and
experiment. They concluded that two
effects were responsible for the
stall margin improvement induced by
the casing grooves. The first effect
was that the blade loading near
casing is reduced and thus the
velocity of the tip leakage flow is
lower. The second effect was that
the tip leakage vortex was weakened
by the flow into and out of the
grooves. Chen et al15 and Huang et
al16 uncovered the flow mechanisms
of the circumferential groove casing
treatment in a transonic compressor
quantitatively.
The
mass
and
momentum transportation carried by
the tip leakage flow and the groove
flow were analyzed. The positive
axial momentum could be injected

The investigation on casing
treatments mainly focused on the
high Reynolds number condition. When
the aircraft engine is working at
the high altitude and low flight
Mach
number
condition,
the
air
density is low and the kinematic
viscosity coefficient is large. The
performance of the compressor is
affected by the low Reynolds number.
The boundary layer separation occurs
more easily at the low Reynolds
number condition compared to the
high Reynolds number condition. The
blade loading distribution in the
blade tip region can be changed when
the Reynolds number is reduced,
which will affect the intensity of
the tip leakage flow. The structure
and the intensity of the shock will
also change with the decrease of the
Reynolds number. Thus, the blade tip
flow field at low Reynolds number
has different features with that at
high Reynolds number17-19. Besides,
the interaction between the casing
grooves and the flow field near the
blade tip can be affected by the
Reynolds number. The effectiveness
of the circumferential groove casing
treatment in improving the stall
margin at different Reynolds number
conditions
need
to
be
further
explored.
For
these
reasons,
the
influence of the Reynolds number on
the
effectiveness
of
the
circumferential
groove
casing
treatment in a transonic compressor
is analyzed. The investigation is
implemented with three dimensional
numerical simulations.
Investigated compressor and casing grooves
The transonic axial compressor
NASA Rotor 67 was used for this
investigation.
The
detail
aerodynamic parameters of NASA Rotor
67 can be found in Reference 20-22.
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Some overall design parameters are
listed in Table 1. Previous studies
indicated that the grooves near the
leading
edge
and
trailing
edge
contributed little to the stall
margin improvement. And the ratio of
the open area to the treated area of
the grooves should be kept between
0.65 and 0.7523. Based on these
results, the casing grooves in this
paper are located from 7.5% to 92.5%
tip axial chord. The width and depth
of the grooves is 10% tip axial
chord. And the width of the gap
between the grooves is 5% tip axial
chord, as shown in Figure 1.
Table 1 Design parameters
Rotor 67
Rotational speed (rpm)
Number of rotor blades
Design mass flow rate
(kg/s)
Adiabatic efficiency
Total pressure ratio
Tip inlet relative Mach
number
Tip clearance/Span
Tip speed (m/s)

standard bypass transition and flows
in
low
free-stream
turbulence
environments.
Langtry
et
al24
validated the Gamma Theta transition
model and SST turbulence model for
several turbomachinery test cases
including a highly loaded compressor
cascade, a low pressure turbine
blade and a transonic turbine guide
vane cascade with CFX software. The
numerical method captured the effect
of Reynolds Number, the transition
location
and
boundary
layer
separation well.
The grid topology of the the
casing grooves and the blade passage
is shown in Figure 2. The blade
passage
was
meshed
with
HOH
topology. The blade passage included
1000000 grid points in total. The
blade passage was meshed with 73
grid
points
in
the
span-wise
direction and 65 grid points in the
blade-to-blade direction. The O-grid
had
265
grid
points
in
the
circumferential direction. The tip
clearance was meshed with butterfly
topology. There were 17 nodes in the
radial
direction
for
the
tip
clearance. The casing grooves were
meshed in H topology. A single
groove had 33 grid points in both
the axial and the radial direction,
and was meshed with 65 grid points
in the circumferential direction.
The
grid
density
was
increased
towards the solid boundaries to meet
the resolution requirement of y+<2.
The blade passage mesh and the
grooves mesh were connected with the
general grid interface (GGI) method.

of NASA
16042.8
22
33.25
0.896
1.629
1.379
0.71%
429

Figure
1
Geometry
of
the
circumferential
groove
casing
treatment

The
solid
boundaries
were
applied with adiabatic and no-slip
boundary conditions. At the inlet
boundary, total pressure and total
temperature were set. At the outlet
boundary, static back pressure was
set and radial equilibrium equation
was used to obtain the static
pressure distribution. The numerical
stall was approached by gradually
increasing the static back pressure.
The last converged working condition
with higher back pressure than the

Numerical Method
The commercial CFD software
ANSYS CFX was used for the numerical
simulation.
The
steady
RANS
equations were solved with the two
equation SST turbulence model and
the Gamma Theta transition model.
The Gamma Theta transition model was
a correlation-based transition model,
which
was
developed
to
cover
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stall point is considered
near stall point.

as

the

can predict the near stall mass flow
correctly.

a)

a)

b)
Figure 3 Numerical and experimental
overall performance of NASA Rotor 67
at design speed

b)
Figure 2 Grid topology of the blade
passage and the casing grooves
Validation of the Numerical Method

Figure 4 shows the span-wise
distributions
of
total
pressure
ratio and total temperature ratio at
the
near
stall
condition.
The
computation
can
predict
the
variation trend of total pressure
ratio and total temperature ratio
along the span-wise direction well.
The maximum error of total pressure
ratio is within 4.0% and the maximum
error of total temperature ratio is
within
3.5%.
In
general,
the
numerical method is able to predict
the performance and the main flow
characteristics of the transonic
rotor well.

Figure 3 compares the numerical
and experimental overall performance
of Rotor 67 with smooth casing. The
calculated variation trend of total
pressure
ratio
and
adiabatic
efficiency with mass flow has good
agreement
with
the
experimental
result. Meanwhile, there is some
difference between the numerical
data and the experimental data. The
error of total pressure ratio is
within 4.5% and error of adiabatic
efficiency is within 2.5%. Besides,
the normalized near stall mass flow
obtained
by
the
calculation
is
0.923, and the normalized near stall
mass flow obtained by the experiment
is 0.921. The numerical simulation
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of the transonic compressor at high
and low Reynolds number. In the
Figure, SC stands for the case of
smooth casing and CG stands for the
case
of
circumferential
groove
casing treatment. The mass flow of
the
compressor
at
low
Reynolds
number is the converted mass flow,
which is calculated by the following
equation:
Tin
101325
(1)
×
mcor =
mlow ×
288.15
Pin
where m cor is the converted mass
flow, m low is the actual mass flow
at low Reynolds number, P in and T in
are inlet total pressure and inlet
total temperature at low Reynolds
number. The circumferential groove
casing treatment has little effect
on the efficiency of the compressor.
The peak efficiency is improved by
0.12% at high Reynolds number and
improved by 0.03% at low Reynolds
number with the casing grooves.
Meanwhile,
the
circumferential
groove casing treatment increases
the stable operating range of the
compressor at both high and low
Reynolds number. The stall margin
improvement
(ΔSM)
is
used
to
evaluate the effect of the casing
grooves on the stability of the
compressor.
The
stall
margin
improvement is calculated by the
following equation:
(m )

(PRs)CG
ΔSM
=  s SC ⋅
− 1 × 100% (2)
m
PR
(
)
(
)
s SC
 s CG

where (m s ) SC and (PR s ) SC represent
mass flow and total pressure ratio
at the near stall point of the
smooth casing. And (m s ) CG and (PR s ) CG
represent
mass
flow
and
total
pressure ratio at the near stall
point of the groove casing treatment.
The casing grooves improve the stall
margin by 9.40% at high Reynolds
number and improve the stall margin
by 1.48% at low Reynolds number. The
groove casing treatment is more
effective in improving the stall
margin at the high Reynolds number
condition
compared
to
the
low
Reynolds number condition.

a)

b)
Figure 4 Numerical and experimental
span-wise profiles of total pressure
ratio and total temperature ratio at
the near stall condition
Overall Performance of the Compressor
Two typical Reynolds number
conditions are investigated in this
paper. They are the ground working
condition and the high altitude
working condition (20 km, 0.6 Mach
number).
At
the
ground
working
condition, the inlet total pressure
is 101325 Pa, the inlet total
temperature is 288.15 K and the
Reynolds Number is 1.96×106. At the
high altitude working condition, the
inlet total pressure is 7052.26 Pa,
the
inlet
total
temperature
is
232.25 K and the Reynolds Number is
1.53×105.
Figure 5 shows the effect of
the circumferential groove casing
treatment on the overall performance
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speed region caused by the tip
leakage
vortex
is
significantly
reduced. The blockage in the blade
tip region is alleviated, which
results in the improvement of the
stall margin. Figure 7 shows the
relative Mach distributions near the
blade tip at the near stall mass
flow of the smooth casing and at low
Reynolds number. At the low Reynolds
number condition, in addition to the
low speed region caused by the tip
leakage vortex, there is a large low
speed zone near the blade suction
surface caused by the boundary layer
separation. The tip leakage vortex
and
the
suction
surface
flow
separation
are
both
important
factors which are responsible for
the blockage near the casing.
The
low speed regions owing to the tip
leakage vortex and the suction side
separation
are
not
effectively
reduced
by
the
groove
casing
treatment. It indicates that the
groove casing treatment is more
effective in reducing the blockage
near the blade tip at the high
Reynolds number condition compared
to the low Reynolds number condition.

a)

b)
Figure 5 Overall performance of the
transonic
compressor
with
and
without casing grooves at high and
low Reynolds number condition
Analysis of the stall margin improvement due to
casing grooves at different Reynolds number
conditions
Figure 6 shows the relative
Mach number distributions near the
blade tip at the near stall mass
flow of the smooth casing and at
high Reynolds number. In the case of
the smooth casing, a large low speed
region is formed in the blade
passage
due
to
the
interaction
between the tip leakage vortex and
the shock. The low speed region at
the blade suction surface caused by
the boundary layer separation is
small. The flow blockage caused by
the tip leakage vortex is mainly
responsible for the stall of the
compressor. In the case of the
groove casing treatment, the low

SC

CG

Figure
6
Relative
Mach
number
distributions at the near stall mass
flow of the smooth casing and at
high Reynolds number (98% span)
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treatment changes the location of
the interface of the tip leakage
flow and incoming flow little.

SC

Above all, the groove casing
treatment
is
more
effective
in
reducing the blockage near the blade
tip and repositioning the interface
between the tip leakage flow and
incoming flow towards the trailing
edge
at
high
Reynolds
number
compared to low Reynolds number. As
a
result,
the
stall
margin
improvement induced by the casing
grooves at high Reynolds number is
larger than that at lower Reynolds
number.

CG

Figure
7
Relative
Mach
number
distributions at the near stall mass
flow of the smooth casingand at low
Reynolds number (98% span)
Figure 8 shows the entropy
distributions near the blade tip at
the near stall mass flow of the
smooth casing and at high Reynolds
number. There is a high entropy
region which is caused by the tip
leakage flow. The line separating
the high entropy region and low
entropy region can be considered as
the
interface
between
the
tip
leakage flow and the incoming flow.
proposed
a
criterion
of
Vo25
compressor stall. The criterion is
that the interface between the tip
leakage flow and the incoming flow
reaches the leading edge plane and
the tip leakage flow spills into the
adjacent blade passage. As shown in
Figure 4, the interface between the
tip leakage flow and the main flow
is almost parallel to the leading
edge plane at the near stall point
of
the
smooth
casing.
So
the
compressor studied in this paper
follows the criterion of compressor
stall.
With
the
groove
casing
treatment, the interface between the
tip leakage flow and the main flow
is further from the leading edge of
the pressure side. The leading edge
spillage of the tip leakage flow is
delayed. Figure 9 shows the entropy
distributions near the blade tip at
the near stall mass flow of the
smooth casing and at low Reynolds
number. At the low Reynolds number
condition,
the
groove
casing

SC

CG

Figure 8 Entropy distributions at
the near stall mass flow of the
smooth casing and at high Reynolds
number (98% span)

SC

CG

Figure 9 Entropy distributions at
the near stall mass flow of the
smooth casing and at low Reynolds
number (98% span)
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Figure 10 shows the normalized
flow density distributions at the
interface between the casing grooves
and the blade passage. The flow
density is the product of the
density and the normal velocity. The
flow density is normalized by the
averaged inlet flow density of the
compressor. The normal velocity is
positive when the fluid in the blade
passage enters the grooves, and the
normal velocity is negative when the
fluid is injected from the the
grooves to the blade passage. The
high positive flow density region is
mainly located near the pressure
surface, while the high negative
flow
density
region
is
mainly
located near the suction surface.
Namely, the casing grooves can bleed
the tip leakage flow into the
grooves near the pressure side. Then
the grooves transport the bleed
fluid
in
the
circumferential
direction and inject it into the
main flow near the suction surface.
This effect reduces the negative
axial momentum injected into the
blade passage through the tip gap.
Figure 11 shows the normalized mass
flow rate into the casing grooves
(normalized by the compressor inlet
mass flow rate and equal to the
normalized mass flow rate out of the
casing grooves). The normalized mass
flow rate into the second groove
from the blade passage at low
Reynolds number is slightly larger
than that at high Reynolds number,
whereas the normalized mass flow
rate into all the other grooves at
low Reynolds number is lower than
that
at
high
Reynolds
number.
Meanwhile, the negative normalized
axial momentum flow rate through the
tip
gap
(normalized
by
the
compressor inlet axial momentum flow
rate) is reduced from 1.47% to 0.92%
at high Reynolds number, while it is
reduced from 1.29% to 1.06% at low
Reynolds number. This indicates that
the groove casing treatment is more
effective in reducing the negative
axial momentum through the tip gap
at high Reynolds number compared to
low Reynolds number.

High Re

Low Re

Figure 10 Flow density distributions
at the interface of the grooves and
the blade passage at the near stall
mass flow of the smooth casing

Figure 11 Normalized mass flow rate
into the casing grooves at the near
stall mass flow of the smooth casing
With smooth casing, the axial
momentum can only be injected into
the blade passage through the tip
gap. But with the groove casing
treatment, the axial momentum can
also be injected into the blade
passage
through
the
interface
between the grooves and the blade
passage. Figure 12 shows the net
normalized axial momentum flow rate
injected into the blade passage from
the casing grooves (normalized by
the compressor inlet axial momentum
flow rate). Except for the last
groove, the positive axial momentum
flow rate injected into the blade
passage from all the other grooves
at high Reynolds number is larger
than that at low Reynolds number.
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Overall, compared with the low
Reynolds number condition, the the
negative axial momentum through the
tip gap is reduced more effectively
and the positive axial momentum
injected into the blade passage from
the grooves is larger at high
Reynolds number condition. Thus, the
groove casing treatment is more
effective in reducing the blockage
caused by the tip leakage flow and
delaying the leading edge spillage
of the tip leakage flow at high
Reynolds number compared to low
Reynolds number. Meanwhile, because
the axial momentum injected into the
blade passage from the grooves at
the rear part of the blade is little,
the boundary layer separation cannot
be effectively suppressed at low
Reynolds number.

the driving force for the flow into
and out of grooves is the pressure
difference between the pressure side
and the suction side near the tip.
With the decrease of the Reynolds
number,
the
boundary
layer
separation region at the suction
side is increased and the intensity
of the shock is decreased, thus the
blade loading near the casing is
reduced. As a result, the intensity
of the mass and momentum exchange
between the blade passage and the
grooves at low Reynolds number is
lower than that at high Reynolds
number.

Figure
13
Static
pressure
coefficient distributions at the
near stall mass flow of the smooth
casing (99% span)
Figure 12 Normalized axial momentum
flow rate into the blade passage at
the near stall mass flow of the
smooth casing

Analysis of the stall margin improvement due to
the casing grooves with injection at the bottom at
low Reynolds number condition.
In order to improve the stall
margin of the compressor at the low
Reynolds
number
condition
more
effectively, two modified casing
treatment configurations with air
injection at the bottom of one
groove are tested. The geometry of
the casing grooves is not changed.
One configuration is injecting air
at the bottom of the first groove
from the leading edge (CG_1), and
the other configuration is injecting
air at the bottom of the fourth
groove from the leading edge (CG_4).
The injection mass flow is equal to
1% near stall mass flow of the
smooth casing at low Reynolds number.

Figure 13 shows the static
pressure coefficient distributions
at 99% span. The axial extent of the
grooves is also shown in the Figure.
The static pressure coefficient is
equal to static pressure divided by
the inlet total pressure of the
compressor.
The
groove
casing
treatment changes the blade loading
distribution near the blade tip.
This changes the driving force of
the tip leakage flow. The groove
near the leading edge reduces the
pressure difference over the blade
tip
significantly,
which
is
beneficial to reduce the intensity
of the tip leakage flow. Besides,
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The injection velocity is normal to
the bottom of the groove. And the
injection total temperature is equal
to the inlet total temperature of
the compressor. The configuration
with air injection at the bottom of
the first groove obtains a stall
margin improvement of 4.07%. And the
configuration with air injection at
the bottom of the fourth groove
obtains a stall margin improvement
of 3.00%.

the
tip
leakage
flow
and
the
incoming
flow
changes
little
compared
to
the
configuration
without injection. However, with the
CG_1 configuration, the interface
between the tip leakage flow and the
incoming flow is further from the
leading edge of the pressure side.
The spillage of the tip leakage flow
near
the
leading
edge
can
be
suppressed.
Overall, The CG_1 configuration
is more effective in reducing the
blockage due to the tip leakage flow
near
the
leading
edge
of
the
pressure
side
and
delaying
the
leading edge spillage of the tip
leakage
flow,
while
the
CG_4
configuration is more effective in
reducing the low speed region due to
the boundary layer separation. With
the CG_4 configuration, there is
still a large low speed region
caused by the tip leakage vortex
near
the
leading
edge
of
the
pressure side which can blocks the
incoming flow. Besides, the leading
edge spillage of the tip leakage
flow cannot be delayed effectively.
Consequently, the CG_1 configuration
improves the stall margin of the
compressor more effectively than the
CG_4 configuration.

Figure 14 shows the relative
Mach number distributions near the
blade tip at the near stall mass
flow of the smooth casing. The
location of the groove with air
injection at the bottom is also
shown in the figure. The CG_1
configuration is more effective in
reducing the low speed region caused
by the tip leakage vortex near the
leading edge of the pressure side
than the CG_4 configuration, while
the
CG_4
configuration
is
more
effective in reducing the low speed
region induced by the boundary layer
separation
than
the
CG_1
configuration.

CG_1

CG_4

CG_1

Figure
14
Relative
Mach
number
distributions at the near stall mass
flow of the smooth casing and at low
Reynolds number (98% span)

CG_4

Figure 15 Entropy distributions at
low Reynolds number and at the near
stall mass flow of the smooth casing
(98% span)

Figure 15 shows the entropy
distributions near the blade tip for
the CG_1 and CG_4 configuration at
the near stall mass flow of the
smooth
casing.
With
the
CG_4
configuration, the interface between

Figure
16
shows
the
net
normalized axial momentum flow rate
injected into the blade passage from
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the casing grooves for the CG_1 case,
the CG_4 case and the case without
injection.
Compared
to
the
configuration without air injection,
the CG_1 configuration increases the
axial momentum injected into the
blade passage from the first two
grooves obviously. But the CG_1
configuration
changes
the
axial
momentum injected into the blade
passage from the last four grooves
little. Thus, the CG_1 configuration
is more effective in energizing the
low momentum fluid from the tip
leakage flow near the leading edge
and suppressing the leading edge
spillage of the tip leakage flow.
For the CG_4 configuration, the
axial momentum injected into the
blade passage from the first two
grooves decreases. But the axial
momentum injected into the blade
passage from the last three grooves
increases significantly. So the CG_4
configuration is more effective in
energizing the low speed fluid due
to the boundary layer separation at
the rear part of the blade.

the tip leakage flow is strengthened,
and this will have negative effect
on the flow stability. Meanwhile,
the tip leakage flow can be weakened
by the flow into and out of the
grooves. With the combined effect of
these
factors,
the
negative
normalized axial momentum flow rate
through the tip gap is 1.05% for the
CG_1 configuration and 1.06% for the
CG_2 configuration. They are almost
identical to the normalized axial
momentum flow rate through the tip
gap for the configuration without
injection.
The
modified
configurations have little effect on
the negative axial momentum through
the tip gap.

Figure
17
Static
pressure
coefficient distributions at the
near stall mass flow of the smooth
casing (99% span)
Conclusions
A numerical investigation on
the circumferential groove casing
treatment in NASA rotor 67 at two
different
Reynolds
numbers
is
conducted
in
this
paper.
The
conclusions
are
summarized
as
follows:

Figure 16 Normalized axial momentum
flow rate into the blade passage at
the near stall mass flow of the
smooth casing
Injecting air at the bottom of
the casing grooves also changes the
blade loading near the tip. As shown
in Figure 17, the CG_1 configuration
increases the static pressure near
the leading edge of the pressure
side.
The
CG_4
configuration
increases the static pressure near
the pressure side along the entire
axial chord. The driving force for

(1) As the Reynolds number is
reduced, the flow separation zone at
the suction side is enlarged and the
intensity of the shock is reduced,
which decreases the blade loading
near the blade. Hence, the intensity
of the mass and momentum exchange
between the blade passage and the
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grooves is reduced. The positive
axial momentum injected into the
blade
passage
from
the
grooves
becomes lower and the negative axial
momentum through the tip gap is
reduced less effectively. Therefore,
at low Reynolds Number, the casing
grooves have little effect on the
location of the interface between
the tip leakage flow and incoming
flow. And the low speed regions
caused by the tip leakage vortex and
boundary layer separation are not
reduced effectively. Whereas at high
Reynolds Number, the casing grooves
reduce the blockage from the tip
leakage vortex and delay the leading
edge spillage of the tip leakage
flow significantly. So the groove
casing treatment obtains a larger
stall margin improvement at high
Reynolds number compared to low
Reynolds number.

2010CB227302) and National Natural
Science Foundation of China (No.
51206162). The authors would like to
thank them for funding it and their
permission to publish this paper.
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rear part of of the blade. As a
result, the CG_1 configuration is
more effective in energizing the low
speed fluid from the tip leakage
flow near the leading edge and
delaying the leading edge spillage
of the tip leakage flow, while the
CG_4 configuration is more effective
in alleviating the boundary layer
separation. As a result, the CG_1
configuration is more effective in
improving the stall margin than the
CG_4 configuration.
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