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To study how the geometry of the plenum chamber in the bleed system of an axial compressor influences the losses therein and to
establish a theoretical loss model for this system, a 1.5-stage axial compressor with a bleed system is studied numerically by means
of computational fluid dynamics (CFD). The results show that losses in the bleed system occur mainly in the axisymmetric bleed
slot and plenum chamber, accounting for ca. 85% of the total loss. For a bleed system with a vertical axisymmetric slot, the loss is
more sensitive to the radial height than to the axial width of the plenum chamber. A loss model for each part of the bleed system is
established via theoretical analysis, and then, a model of the overall bleed system is established by combining these submodels. The
predictions of the theoretical loss model agree well with the CFD results: the maximum prediction error for the coefficient of the
stagnation pressure loss in the bleed system is −1.38%, and the average prediction error is −0.8%. This loss model can be used
when designing the geometry of a bleed system.

1. Introduction

In an aeroengine, depending on the operating conditions of
the engine and the aircraft, the bleed system removes air
flow with appropriate pressure and temperature through
one or several compressor stages for cabin pressurization,
wing thermal anti-icing, engine inlet anti-icing, and combus-
tor and turbine cooling [1], all of which are necessary for
normal engine operation and aircraft flight requirements.
The bleed rate is between 1% and 5% of the mainstream flow
during design operation and may increase during off-design
operation. To satisfy the bleed air requirement of other sys-
tems and mitigate its impact on cycle efficiency, the loss
mechanism of the bleed system on the mainstream flow
and the losses within the bleed system must be investigated.

The bleed system consists of the bleed slot or a set of
holes on the compressor casing, an annular plenum cham-
ber, and the off-take ducts. The bleed shot or holes are used
to extract air from the mainstream of the compressor, and a
good design for the bleed slot configuration can reduce the
secondary flow losses in the endwall region in certain condi-

tions. Previous studies have investigated how the bleed slot
shape—e.g., circular, rectangular, or axisymmetric—affects
the mainstream flow [2, 3], and the results show that axi-
symmetric and circular slots are more effective in controlling
the mainstream flow and generate lower bleeding losses. The
bleed slot has different effects on the mainstream flow for
different bleed positions in the blade passage and different
bleed rates [4–6]. A proper bleed scheme can remove the
low-energy fluid in the boundary layer and suppress the flow
separation in the corner region of blade passage, thereby
increasing both the adiabatic efficiency and the stall margin
of the compressor [7–9].

Meanwhile, normal operation of the engine’s secondary
air system—which includes the bleed system—has an essential
impact on the engine’s behavior. Many scholars have modeled
and analyzed the whole secondary air system, considering
each of its elements as a “black box” and establishing the
connections among them. The network of the secondary air
system is drawn, and the conditions of each element during
different phases are predicted using analysis codes (e.g., ESMS)
[10–12]. However, unlike those simplified quasi-one-
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dimensional models, the flow within the compressor bleed
system is strongly three-dimensional and the different parts
interact with each other. To predict the performance of the
bleed system accurately during the design process, it is neces-
sary to obtain its internal flow characteristics and identify the
loss mechanism.

Grimshaw et al. [13] studied the loss mechanism in the
bleed system and concluded that there are two main sources
of losses therein: (i) the shear stresses generated between the
high-speed jet and the slot wall and (ii) the viscous mixing
between the jet and the low-speed fluid in the plenum cham-
ber. Gomes et al. [14] investigated how different off-take duct
arrangements affect the flow in the bleed system, including
double and quadruple distributions, and the choice of arrange-
ment has a strong effect on the circumferential flow pattern in
the plenum chamber. Peltier et al. [15] designed a new struc-
ture for the slot inlet—known as a “lip”—in which a circular
arc with a certain radius is used at the inlet of the slot, instead
of a right angle. This structure sacrifices the uniformity of the
mainstream static pressure distribution to reduce the total
pressure loss at the slot inlet.

In the bleed system, themost complicated flow phenomena
are those in the plenum chamber. Gomes et al. [16] examined
the loss generation mechanism in a bleed system whose ple-
num chamber had two different heights at different bleed rates;
their results showed that the total pressure loss was between
one and 1.5 dynamic heads when the bleed rate was increased
from zero to 15%, and the loss within the plenum chamber
increased with increasing plenum-chamber height. Schwarz
[17] and Peltier et al. [18] studied the flow patterns inside the
plenum chamber experimentally, finding that the flow therein

is dominated by either a circumferential vortex or a pair of vor-
tices with opposite rotational directions; the flow structure in
the plenum chamber could be changed by varying the bleeding
parameters.

However, the previous studies were all aimed at analyzing
the flow patterns for a specific bleed structure, and there is yet
to be a low-dimensional model that can predict the loss char-
acteristics of the bleed system in the early design phase. The
present paper investigates how different geometric parameters
influence the internal flow of the plenum chamber and the loss
of the bleed system. The effects of the radial height and axial
width of the plenum chamber on the flow loss of the bleed sys-
tem are evaluated separately. A loss model of each part of the
bleed system is established via theoretical analysis, and then, a
loss prediction model of the overall bleed system is established
by combining these submodels.

Off-take duct

Plenum
chamber

Bleed slot
Casing

Hub

Figure 1: Meridional cross-section of compressor.

Table 1: Geometric parameters of plenum chamber.

IGV Rotor Stator

Hub-to-tip ratio 0.545 0.556 0.633

Height (mm) 88 86 71

Blade count 38 25 40

Rotation speed (rpm) 17000

Tip clearance (mm) 0.03

Width of bleed slot (Lx) (mm) 1.825

Radial height of plenum chamber (mm) 10/20/44/60/76

Axial width of plenum chamber (mm) 43/60/86/100/136
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2. Geometries and Numerical Methods

Herein, a 1.5-stage low-speed subsonic compressor is studied,
comprising an inlet guide vane (IGV), a rotor, and a stator, as
shown in Figure 1. To study the compressor bleed system, an
external bleed system connected to the casing was designed. In
total, the bleed system is divided into three main parts: (i) the
axisymmetric vertical slot, which is located between the rotor
and the stator, (ii) the plenum chamber, and (iii) the off-take
duct. To investigate the relationship between the loss of the
bleed system and the geometric parameters of the plenum
chamber as given in Table 1, the blade height H (71mm) of
the third row of stators was used as the length scale. The radial
height was varied from 0.14H to 1.07H, and the axial width
was varied from 0.61H to 1.92H, and how varying these two
geometric parameters of the plenum chamber affected the loss
of each part of the bleed system was evaluated.

Numerical simulations were performed using the com-
mercial computational fluid dynamics (CFD) package Ansys
CFX, which is a Reynolds-averaged Navier–Stokes code. The
discretization schemes and solver parameters were the
advanced scheme with high resolution, and the residual type
was RMS with a high target that was 10 minus six. A periodic
quarter-annulus sector was modeled to capture the circumfer-
entially nonuniform flow in the plenum. For themesh, a struc-
tured mesh, as shown in Figure 2, was generated using the
commercial software Pointwise [19], and the total grid size
was 10 128 431. The mesh had two parts: (i) the blade passage
and (ii) the bleed system. The “HO” topology was used to gen-
erate themesh: “O” blocks were used to grid the blade surfaces,
rotor tip gap, and off-take duct, with “H” blocks used else-
where. Figure 3 shows the four parts of computation domain

in different colors, respectively, IGV, rotor, stator, and exit.
The mesh height adjacent to the blade surface was set to
0.001mm, thereby ensuring that the nondimensional wall cell
size y+ was ca. 1. Figure 4 shows the y+ of the blade surface.
Themixing-planemodel was used to handle the stage interface.

Before conducting the study, the accuracy of the simula-
tion results was assessed. Table 2 compares the CFD and
experimental results for the mass flow rate and pressure
ratio at the design point, and Figure 5 compares the CFD
and experimental results for the compressor. As shown, the
error between the CFD and experimental results at the
design point is within 2%, which indicates that the former
agree well with the latter.

Grid independence was checked for the bleed system,
with four grids with 0.76M, 1M, 1.25M, and 1.5M finite
volumes in the plenum chamber created and carefully stud-
ied. For the different numbers of grid points, Figure 6 shows
the coefficient of the stagnation pressure loss (SPL) in the
plenum chamber, and Figure 7 shows the exit average veloc-
ity. Thereafter, the 1.25M grid was chosen for its ability to
describe the flow in the plenum chamber accurately but with
less computational burden. Table 3 gives the numbers of
grid points used for the different parts of the bleed system.

3. Results and Discussion

3.1. Flow Structure in Bleed System. Bleeding air from the
main flow impacts the flow characteristics in a small region
near the shroud, as shown in Figure 8. The flow characteris-
tics in each part of the bleed system differ significantly, and
as shown in Figure 9 for a medium bleed rate, the flow is
separated into two zones in the bleed slot. The recirculation

Figure 2: Structured mesh of compressor bleed system.
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zone—which occupies approximately half of the axial width
of the slot—is generated by a portion of the low-speed flow
separated from the plenum chamber; this zone contains a
separation bubble that blocks the flow through the slot.
The other zone is the high-speed jet flowing into the plenum
chamber along the slot wall. The bleed rate has a significant
impact on the flow in the slot, and Figure 10 shows the flow
characteristics in the slot with low and high bleed rate. The
separation bubble shrinks steadily with increasing bleed rate,
and the jet accelerates, thereby changing its direction slightly
at the slot exit.

The bleed flow undergoes a sudden expansion as it leaves
the slot, and the jet dynamic head is dissipated by the mixing
with the low-speed fluid in the plenum chamber; the bleed flow

then rolls into two circumferential vortices with opposite rota-
tions. The off-take duct is responsible for the inhomogeneity
of the circumferential flow in the bleed system; nevertheless,
the off-take duct has only a minor influence on the slot, affect-
ing mostly the flow in the plenum chamber. The circulation of
radial flow is great near the off-take duct (see Figure 11(a)), and
at the contact between the off-take duct and the plenum cham-
ber, the radial velocity varies slightly. Away from the off-take
duct, the radial velocity drops to zero (see Figure 11(b)) because
of the effect of the upper wall of the plenum chamber, and the
fluid develops along the axial direction.

With relatively small radial height, the plenum chamber
contains a pair of vortices with comparable sizes but oppo-
site rotations, as shown in Figures 12(a) and 12(b). With

IGV domain

Rotor domain

Stator domain

Exit domain

Figure 3: Computational domain.
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Figure 4: y+ of the blade surface.

Table 2: Comparison of numerical simulation and experimental results.

Experiment [20] CFD

Pressure ratio 1.30 1.3069

Corrected mass flow rate (kg/s) 13.4 13.406

13.0 13.5 14.0

Mass Flow(Kg/s)

Figure 5: Compressor map.
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Figure 6: Coefficient of stagnation pressure loss (SPL) in plenum chamber for different numbers of grid points.

Figure 7: Average exit velocity for different numbers of grid points.

Table 3: Numbers of grid points used for bleed system.

Bleed slot Plenum chamber Off-take duct

Number of points (axial × radial × circumferential) 13 × 29 × 441 70 × 41 × 441 667 578 (total)
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increasing radial height of the plenum chamber, the vortices
grow and develop different sizes, as shown in Figures 12(c)
and 12(d). The intake of the off-take duct has a zone of high
radial velocity that reduces progressively with increasing
radial height, indicating the uniformity of the inlet flow of
the off-take duct. However, the radial height has only a
minor impact on the flow in the slot.

The distributions of velocity and streamlines are used to
analyze the flow characteristics inside the bleed system, and
quantitative analytical methods are used to investigate the
losses in the various components of the bleed system to
identify its loss mechanism.

3.2. Coefficient of Stagnation Pressure Loss. The bleed system
loss depends on both the compressor operating point and
the bleed rate, therefore requiring a metric that removes this
dependence [20]. The SPL coefficient for the flow passing
through the bleed system is defined as

Yp =
P0CVin − P0e
P0 − Pð ÞCVin

, ð1Þ

where the subscript CVin refers to the inlet of the control
volume (bleed slot inlet) and the subscript e refers to the exit
of the control volume (off-take duct outlet).

The SPL coefficients for the slot, plenum chamber, and off-
take duct are calculated separately to analyze the loss distribu-
tion in the bleed system, of which the plenum-chamber SPL
accounts for 60% of the total loss. Figure 13 shows how each
part of the loss changes with increasing radial height, and
the percentage of the plenum-chamber loss is still increasing.
With a certain bleed rate, which is ca. 20% of the total loss,

the SPL in the slot is kept at a constant level, whereas the
SPL in the off-take duct is decreasing gradually. The total loss
of the bleed system decreases and then tends to stabilize.
Figure 14 shows how the loss in each part changes with
increasing axial width: the loss in the slot changes by only a lit-
tle, whereas the loss in the plenum chamber increases gradu-
ally. The additional loss is due mainly to the friction at the
plenum-chamber wall, but this causes the uniformity of the
off-take duct inlet to tend to unity and reduces the partial loss
in the off-take duct.

The main losses in the bleed system are determined by cal-
culating the SPL coefficient of each component. Identifying
the loss mechanism requires investigating the specific regions
of loss generation, the intensities of multiple losses, and how
they are influenced by the radial height and axial width.

3.3. Entropy Generation. In fluid flow, irreversibility arises
because of heat transfer and viscosity. The entropy genera-
tion rate can be expressed as the sum of the contributions
of the viscous and thermal effects, so it depends functionally
on the local values of velocity and temperature in the
domain of interest. In the bleed system, both the tempera-
ture and velocity fields are known, and the local volume
entropy generation rate can be calculated as [21]

Sgen
˙

= Sgen
� �˙

fric + Sgen
� �˙

heat, ð2Þ

where ðSgenÞ˙fric and ðSgenÞ˙heat represent the entropy genera-
tion due to viscous and thermal effects, respectively, and are
defined as
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Figure 8: Flow characteristics near the shroud.
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Figure 9: Flow diagram in slot with medium bleed rate.
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Figure 10: Flow in slot with (a) low and (b) high bleed rate.
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Figure 11: Distributions of radial velocity and streamlines in meridional plane at two different positions with Dr/H = 0:62: (a) plane at
center of off-take duct and (b) plane 15° from off-take duct.
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Figure 12: Distributions of radial velocity and streamlines in meridional plane with differing radial height: Dr/H = ðaÞ 0:14, (b) 0.28, (c)
0.85, and (d) 1.07.
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 Dr = 0.14H
 Dr = 0.28H
 Dr = 0.62H

 Dr = 0.85H
 Dr = 1.07H

Figure 13: SPL coefficient of each part of bleed system with differing radial height.
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Dz=1.92H

Figure 14: SPL coefficient for each part with differing axial width.
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Sgen
� �˙

fric =
1
T
τij

∂Vi

∂xj
,

Sgen
� �˙

heat =
k

T2
∂T
∂xj

 !2

,
ð3Þ

where τij is the viscous shear stress and k is the thermal
conductivity.

Flow regions in which losses occur can be identified
directly by evaluating the local volumetric entropy
generation rate. To unify the evaluation criteria, the
volumetric entropy generation rate of the bleed system
is normalized as

g
Sgen
˙

=
TCVin Sgen

˙

ρV3
CVin/Lx

, ð4Þ

Normalised Entropy Generation Rate

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050

1.21H

A A’

B B’

C C’

B

C
A

A’
B’

C’

Slot In
let

Plenum Chamber Inlet

0.6
2H

WallWall

Off-take Duct

Figure 15: Normalized entropy generation rate of bleed system for plenum chamber with a radial height of 0.62H and an axial width of 1.21H.
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Figure 16: Normalized entropy generation rate of bleed system for plenum chamber with a radial height of 0.14H and an axial width of 1.21H.
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where TCVin = PCVin/ρR and VCVin =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2ðP0 − PÞCVin/ρ

p
are

the temperature and speed, respectively, at the inlet of the
bleed system, and Lx is the axial width of the slot inlet.

To describe the complex three-dimensional flow in the
bleed system, the volumetric entropy generation rate in the
bleed system is described by the iso-Z surface and the iso-θ
cross-section; in the corresponding figures, the former is
shown on the left and the latter is shown on the right side,
where B-B′ is the central cross-section of the off-take duct
and A-A′ and C-C′ are those ±15° from the center of the off-
take duct, respectively. According to the iso-Z cross-section,
the entropy generation rate is high in the slot and plenum
chamber, and Figures 15 and 16 show the normalized entropy
generation rate for two different values of the plenum-
chamber radial height. The high-speed jet from the slot is
not decelerated adequately by the limited radial height, and
its influence continues into the off-take duct, resulting in
greater loss therein. At the section far from the off-take duct,
the high-speed jet impacts the upper wall of the plenum cham-
ber, forming an impact zone (red region in Figure 16), and the
jet therein decelerates rapidly and develops laterally. Because
of viscosity, the lateral development of the jet thickens the
boundary layer and increases the friction loss; however, com-
pared with the mixing loss generated by the jet and the loss in
the impact zone, this part of the loss can be ignored. The high-
speed jet from the slot is decelerated more with increasing
radial height; the speed at which it impacts the upper wall of
the plenum chamber decreases, as does the loss in the impact
zone. Figures 15 and 17 show the normalized entropy genera-
tion rate for two different values of the plenum-chamber axial
width. Comparing the iso-Z cross-sections shows that the larger
the axial width, the smaller the circumferential inhomogeneity
caused by the off-take duct, but the flow characteristics of the

bleed system are not affected significantly, which means that
the axial width has little effect on the loss in the bleed system.

4. Theoretical Model

The influences of different values of the radial height and axial
width of the plenum chamber on the loss in the bleed system
were studied, and it was found that in the bleed system with
a vertical slot, the axial width has little effect, whereas the
radial height has a greater effect. Herein, theoretical submodels
of each component of the bleed system are established based
on the influence of the radial height of the plenum chamber.

4.1. Off-Take Duct Loss Model. If the inlet condition of a pipe
is uniform incoming flow, then previous research shows that
the flow SPL in the pipe can be calculated as [22]

ΔP0 c−eð Þ = λρ
l
d
V2

2 , ð5Þ

where λ is the friction factor of the pipe and depends on its
diameter, l is the length of the pipe, d is the diameter of the
pipe, and V is the flow speed at the pipe inlet. However, in
the bleed system, the inlet condition of the off-take duct is
often nonuniform, and so the above flow SPL equation is
no longer applicable. Instead, we define here the inlet unifor-
mity, which is used to calculate the off-take duct flow SPL,
i.e., [23]

N = 1
_m

ð
V/�V
� �3d _m, ð6Þ

where �V is the average flow speed at the inlet. Correcting the
velocity with the inlet uniformity, the submodel of the off-

B

C
A

A’
B’

C’

Slot In
let

Plenum Chamber Inlet

WallWall

Off-take Duct

Normalised Entropy Generation Rate

0.0000.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050

A A’

1.92H

B B’

C C’

Figure 17: Normalized entropy generation rate of bleed system for plenum chamber with a radial height of 0.62H and an axial width of
1.92H.
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take duct is obtained as

ΔP0 c−eð Þ = λρ
l
d

NVð Þ2
2 = λρN2 l

d
V2

2 : ð7Þ

Figure 18 compares the theoretical and CFD results for the
SPL coefficient in the off-take duct with differing radial height
of the plenum chamber; they agree well, with a maximum error
of −4% and an average error of 1%. The loss coefficient in the
off-take duct decreases with increasing radial height of the ple-
num chamber, the main reason being that the uniformity of the
off-take duct inlet decreases with increasing radial height. The
corrected equation shows that the uniformity has a significant
influence on the loss in the off-take duct.

4.2. Slot Loss Model. The loss mechanism in both the slot and
the off-take duct is the viscous shear force, so it is reasonable to
use the same SPL model for both. However, because the slot is
rectangular, the diameter is replaced by the hydraulic diame-
ter, which is defined as

D = 4A
C

, ð8Þ

where A is the area of the rectangular section and C is its
perimeter. The submodel of the slot is obtained by replacing
d in the corrected equation by D, i.e.,

ΔP0 CVin−sð Þ = λρN2 l
D
V2

2 : ð9Þ

The geometrical parameters of the plenum chamber have
small influence on the SPL coefficient in the slot, so it is rea-
sonable and convenient to investigate the average SPL coeffi-
cient of different cases. Table 4 compares the theoretical and
CFD results for the average SPL coefficient in the slot; they
agree well, but the theoretical model does not predict the loss
due to the recirculation region in the slot, which leads to a
smaller predicted value and is the main reason for the error.

4.3. Plenum-Chamber Loss Model. The loss mechanism in
the plenum chamber is the viscous mixing between the
high-speed jet from the slot and the low-speed fluid in the
plenum chamber. This is similar to a free jet, for which there
is no pressure gradient along the jet and the SPL is due to
loss of kinetic energy. From previous work, the rate of decay
of the energy of a free jet is described empirically as [24]

ΔP0 s−cð Þ = ΔEk = P0 − Pð Þs 1 − 2:853ffiffiffiffiffiffiffiffiffi
x/b0

p !
, ð10Þ

where x is the distance along the jet and b0 is the half-width
at the beginning of the jet.

Figure 18: Comparison of results of theoretical model and CFD for SPL coefficient in off-take duct with differing radial height of plenum
chamber.

Table 4: Comparison of results of theoretical model and CFD for
average SPL coefficient in slot.

Model CFD Error

ΔP0 CVin−sð Þ/ P0 − Pð ÞCVin in slot 0.2402 0.2561 −6.2%
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Figure 19: Comparison of results of theoretical model and CFD for SPL coefficient in plenum chamber with differing radial height of
plenum chamber.

0.2 0.4 0.6 0.8 1.0

Figure 20: Comparison of results of theoretical model and CFD for SPL coefficient in bleed system with differing radial height of plenum
chamber.
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When the radial height of the plenum chamber is
large, we can ignore the influence of its upper wall and
consider the flow as a simple free jet. However, when
the radial height is small, the influence of the upper wall
on the jet cannot be ignored: the free jet becomes an
impinging jet and the jet speed drops abruptly at the
impact region, generating a reverse pressure gradient
and hence an SPL. However, the literature appears to
be lacking an empirical equation for the SPL of the
impinging jet. Herein, to predict the SPL in the plenum
chamber, we correct the kinetic energy decay rate of the
free jet as

Δ gP0 s−cð Þ = P0 − Pð Þs
2:853ffiffiffiffiffiffiffiffiffi
x/b0

p !2

−
2:853ffiffiffiffiffiffiffiffiffi
x/b0

p !
+ 1

 !
: ð11Þ

The SPL coefficient in the plenum chamber with dif-
fering radial height is calculated using the corrected equa-
tion and compared with the CFD results, as shown in
Figure 19. The two sets of results agree well, with a max-
imum error of 3.612% and an average error of 2.55%. The
SPL coefficient in the plenum chamber decreases initially
with increasing radial height and then increases: when
the radial height of the plenum chamber is small, the
SPL coefficient decreases with increasing radial height
because the loss in the impact region decreases more than
does the kinetic energy of the jet; when the radial height
of the plenum chamber is large, the SPL coefficient
increases with increasing radial height mainly because of
the loss of jet kinetic energy. The presence of the off-
take duct changes part of the jet flow in the plenum
chamber, which is not predicted by the theoretical model.

4.4. Stagnation Pressure Loss in Bleed System. The loss in
each part is normalized by the dynamic head of the bleed
system inlet, the inlet conditions of each part are the outlet
conditions of the previous part, and the total loss in the
bleed system is the sum of the losses in its three constituent
parts. Figure 20 compares the theoretical and CFD results
for the SPL coefficient of the bleed system with differing
radial height of the plenum chamber; they agree well, with
a maximum error of −1.38% and an average error of
−0.82%, indicating that the theoretical model can predict
accurately the SPL coefficient in the bleed system.

The CFD and theoretical results show that narrowing the
impact region in the plenum chamber requires choosing a
proper radial height for the plenum chamber, which herein
is greater than 0.6H. This minimizes the loss in the bleed
system, which is useful for its geometrical design.

5. Conclusions

Herein, the flow characteristics and loss mechanism of the
bleed system of an axial compressor were investigated, the
bleed system was subjected to a comparative analysis for dif-
fering radial height and axial width of its plenum chamber,
and a theoretical loss model was established. The following
conclusions are drawn.

The main sources of loss in the bleed system are (i) the
shear at the wall of the slot and (ii) the viscous mixing of
the high-speed jet with the low-speed fluid in the plenum
chamber, which together account for more than 85% of the
total loss in the bleed system.

For the bleed system with differing radial height of its
plenum chamber, the SPL coefficient decreases initially with
increasing radial height and then tends to stabilize; by con-
trast, the axial width of the plenum chamber has no appar-
ent effect on the SPL coefficient of the bleed system. This
indicates that when the slot is vertical, the loss in the bleed
system is sensitive to the radial height of the plenum cham-
ber but not to its axial width.

When the radial height of the plenum chamber is small,
the SPL coefficient decreases with increasing radial height
because the loss in the impact region decreases more than
does the jet kinetic energy, whereas when the radial height
of the plenum chamber is large, the SPL coefficient increases
with increasing radial height mainly because of the loss of jet
kinetic energy.

A model was established that can predict the loss in the
bleed system. Its results agreed well with those from CFD,
with a maximum error of −1.38% and an average error of
−0.82%, so the present loss model for the bleed system can
be used to assist in the design progress.

Notations

A: Area (m2)
b0: Half-width of jet flow (mm)
C: Perimeter (m)
D: Hydraulic diameter (m)
d: Diameter (m)
H: Height of blade (mm)
k: Thermal conductivity (J/K/m/s)
l: Length (m)
Lx: Axial width of bleed slot inlet (mm)
N: Uniformity
P0: Stagnation pressure (Pa)
P: Static pressure (Pa)
Sgen

˙: Volumetric entropy generation rate (J/K/m3/s)

T: Temperature (K)
x: Jet flow distance (mm)
YP: Coefficient of stagnation pressure loss in bleed system
YPc: Coefficient of stagnation pressure loss in plenum

chamber
ρ: Density (kg/m3)
τij: Viscous shear stress (N/m2)
λ: Friction factor of pipe
Dr: Radial height of the plenum chamber (m)
Dz: Axial width of the plenum chamber (m).

Subscripts

CVin: Inlet of bleed system
S: Slot outlet
c: Chamber outlet
e: Exit of bleed system.
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