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ABSTRACT 

The present paper is devoted to the numerical and 
experimental investigation of flow characteristics and 
pressure distribution in a rotor-stator cavity of different 
aspect ratio with various radial inflow. The numerical 
simulations are carried out with axisymmetric and 3-D sector 
models, whose aspect ratio G varies between 0.01 and 0.2, 
for various β0 (0~0.8), λT (0.022~0.287). The results show 
that the flow under most of these conditions belongs to the 
Batchelor type family. However, for conditions with small G 
and high λT, the radial velocity is no longer negligible and 
results in more pressure losses because of hydraulic frictional 
resistance. For the conditions with big aspect ratio and small 
λT, whose radial Rossby number is much smaller than 1, the 
N-S equation for tangential component of the flow in the 
rotating core reduces to the balance of the centrifugal force 
and the radial pressure gradient, therefore the radial 
distribution of pressure is decided by the central core swirl 
ratio β. Furthermore, the numerical investigation shows that 
the radial distribution of β can be correlated, in the case of 
small aspect ratio, according to a 5/7 power-law. On the 
other hand, in the case of big aspect ratio the radial 
distribution of β can be correlated according to a modified 
5/7 power-law. The experiments acquire the tangential 
velocity and static pressure distributions of the conditions 
whose aspect ratio equals 0.2 by pressure transducers and 
three-hole probe. The measurement data verify some 
conclusions of the numerical investigation. 

INTRODUCTION 
In medium and small aeroengines which have the 

structure with high pressure ratio centrifugal compressor, the 
air used to realize the functions of secondary air system such 
as cooling of turbine blades and disks, sealing of turbine 
cavities and bearing chambers, adjusting of rotating assembly 
axial load, is commonly bled off from the main flow at the 
root of the centrifugal impeller and drawn radially inwards 
through the impeller rear cavity. Due to the variations of 
geometry and flow parameters of the impeller rear cavities, 
the characteristics of pressure loss and pressure distribution 
follow complex variation law. Therefore, the thorough 
understanding of the flow mechanism in a rotor-stator cavity 
with radial inflow, represented by the impeller rear cavity, is 
the key to design the rational secondary air system. 

The researches of the flow in a rotor-stator cavity with 
radial inflow are based on the studies of the flow in the 
cavity with infinite disks. Batchelor (Batchelor, 1951) solved 
the system of differential equations relative to the stationary 
axisymmetric flow between two disks of infinite radius. He 
specified the formation of a nonviscous core in the solid 
body rotation, confined between the two boundary layers that 
develop on the disks. The boundary layer on the stationary 
disk is called the Bödewadt layer and flows radially inward, 
the boundary layer on the rotating disk is called the Von 
Kármán or Ekman Layer and flows radially outward. 
However, this result has been contrasted by Stewartson 
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(Stewartson, 1953) who found that the solid rotation of the 
central core and the stator boundary layer are nonexistence. 
The problem of the existence or nonexistence of a core 
region justified many works until Kreiss (Kreiss and Parter, 
1983) and Brady (Brady and Durlofsky, 1987) proved 
numerically and experimentally that the two solutions 
advocated by Batchelor and Stewartson could both be found 
in a rotor-stator cavity 

Because the radius of rotating disk in the real 
aeroengines is finite, many numerical and experimental 
studies dealing with enclosed rotor-stator system can be 
found in the literature. The most representative study is from 
Daily and Nece (Daily and Nece, 1960). They pointed out the 
existence of four flow regimes according to the Reynolds 
number and to the aspect ratio: two laminar and two 
turbulent regimes, each of which corresponding either to 
merged or separated boundary layers. This classification was 
confirmed numerically by Lance (Lance and Roger, 1962) 
and Owen (Owen and Roger, 1989). 

The case of a rotor-stator system with a superposed 
centripetal inflow has been investigated by Debuchy 
(Debuchy, 1998). For high Reynolds number, small aspect 
ratio and small Ekman number, it was found that the flow 
structure was strongly modified as soon as a very weak 
inflow was applied. Furthermore, they found analytical 
solutions and provided experimental data in good agreement 
with the features of their asymptotic model. More recently, 
new experimental investigations and extensive measurements 
have been performed and compared to numerical predictions 
to describe the flow in a rotor-stator system with or without 
throughflow according to a large range of the flow control 
parameters: a rotational Reynolds number Reφ, a 
dimensionless mass flow Cw, and the aspect ratio G of the 
cavity by Poncet (Poncet, 2005). They found that the flow, in 
a closed cavity as well as in the case of a centripetal 
throughflow, belongs to the Batchelor family. When a 
centrifugal throughflow is superimposed, Batchelor and 
Stewartson flow structures can both be found. The transition 
between the Batchelor and the Stewartson flow structures can 
be characterized by considering a Rossby number. In 
addition, they found that the flow in the case of a turbulent 
Batchelor flow satisfies the simple radial equilibrium 
equation, which means the radial distribution of pressure in 
the cavity is decided by the central core swirl ratio β. EI-Oun 
(EI-Oun and Owen, 1988) and Pincombe (Pincombe, 1973) 
measured the velocity profiles in the cavity for a wide range 
of Reφ and inlet swirl ratio β0. It was found that the value of 
β0 had the significant influence of the distribution of the swirl 
ratio β in central core region. 

In this paper, the numerical and experimental 
investigations are carried out on the flow in a rotor-stator 
cavity of different aspect ratio with various radial inflow. 
The main purpose is to find out the basic flow characteristics, 
the crucial dimensionless parameters and their influence law 
of flow in a rotor-stator cavity. Furthermore, explore the 
distribution laws of pressure and velocity. 

THE CFD MODEL 

Model Geometry  
The configuration of a rotor-stator cavity with inflow is 

shown in Figure 1. The outer radius of rotor disk is R, inner 
radius is RH; the axial spacing between disks is S, G=S/R is 
called the aspect ratio of the cavity. All the geometric 
parameters are shown in table 1. 

CFD Method 
The numerical study presented in this paper is performed 

using the ANASYS CFX 13.0 flow solver and the SST k-ω 
model is used for turbulent model. A 4° 3D sector domain is 
used with rotationally periodic boundary conditions. The 
ANSYS ICEMCFD 13.0 software is used and structured 
mesh is generated. The computations for grid independent 
verification for the cavity have been carried out. At last, four 
meshes with 350,000, 500,000, 670,000 and 850,000 cells 
are chosen for the cavities whose G is 0.01, 0.02, 0.08 and 
0.2 respectively. All of the calculated cases have near wall 
mesh y+ values within the range from 0 to 2, which is within 
the accepted limits. The mesh for the cavity of aspect ratio 
G=0.08 is shown in Figure 2. 

Fig.1 Geometry of a 
Rotor-Stator Cavity 

Fig.2 the CFD Mesh for Cavity Whose 
G=0.08 

 
Table 1 Geometric Parameters 

R/mm S/mm RH/mm G 

144 1.44/2.88/11.52/28.8 48 0.01/0.02/0.08/0.2

Boundary Conditions and Dimensional Parameters 
For any particular geometry, the dimensionless 

parameters that will influence the flow in a rotor-stator cavity 
include rotational Reynolds number Reφ, dimensionless mass 
flow Cw and inlet swirl ratio β0. In some researches, turbulent 
flow parameter λT is used to represent the combined action of 
Reφ and Cw. For cavity with a radial inflow, pressure 
coefficient Cp is normally used to stand for the pressure loss. 

In order to calculate the effect of Reφ, Cw and β0 on the 
pressure loss in the cavity with a radial inflow, the 
calculation conditions are shown in Table 2. Reφ is varied by 
altering rotational speed of rotating disk, N; Cw is changed by 
altering outlet mass flow rate, m; for given values of N and 
m, β0 is varied by altering air velocity direction at the inlet 
(for a given value of m, the axial velocity at the inlet can be 
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calculated; the tangential velocity at the inlet is determined 
by N and β0; the radial velocity is zero). The range of 
dimensionless parameters for all the cases in Table 2 are 
shown as follow: Reφ=1.83x106~1.11x107, Cw=6.9x103~4.8 
x104, λT= 0.028~0.280. 

Table 2 Boundary Conditions 

Boudary Location Boudary Conditions 

Inlet 
Total pressure: Pt=600000Pa ;
Total Temperature: Tt=479K

Outlet 
Mass flow rate, m: 

8.6 ~ 313 (g/s) 

Parameters Range of Variation 

Rotational speed, N 5000~20000(rpm) 

Inlet swirl ratio, β0 0~0.8 

NUMERICAL RESULTS AND DISCUSSIONS 

Flow Structure 
Figure 3 shows the streamlines in the r-z plane of the 

cavity with G=0.2 for three values of Cw: 4015, 12050 and 
24155 as well as three values of β0: 0, 0.4 and 0.8. All the 
above cases have the same value of Reφ: 3.68x106. The 
streamlines in Figure 3 show that the basic flow for 
conditions with G=0.2 is in accordance with the Batchelor 
Type. Fluid near the rotor’s surface flows radially outward 
accompanied with the supply fluid entrained from the core. 
Meanwhile, fluid near the stator’s surface flows radially 
inward and an effux happens from the boundary layer to the 
core. 

Figure 4 shows the axial variations of radial velocity and 
tangential velocity at three radial locations of the case shown 
in Figure 3(b). We define the following dimensionless 
quantities: r*=r/R, z*=z/S, vr

*=vr/(Ωr), β=vφ
*=vφ/(Ωr). Note 

that z*=0 corresponds to the rotor side and z*=1 to the stator 
side. It can be seen from Figure 4 that the central core does 
indeed exist and is characterized by a quasi-zero radial 
velocity and a constant tangential velocity βΩr. 

 
(a)Cw=4015, β0=0; 

 
(b)Cw=12050, β0=0.4; 

 
(c)Cw=24155, β0=0.8;

Fig.3 the Streamlines in r-z Plane of Cavity with G=0.2 

 

  

 
(a) r*=0.92;

 
(b)r*=0.65; (c)r*=0.37;

Fig.4 Velocity Profiles for Cw=12050, β0=0.4 with G=0.2 at Three 
Radial Locations 

Figure 5 shows the streamlines in the r-z plane of the 
cavity with G=0.02 for the conditions same as Figure 3. The 
streamlines in Figure 5(a) show that the flow structure still 
satisfies the features of Batchelor Type when Cw is small. 
However, for conditions with high Cw shown as Figure 5(b) 
and 5(c), the basic flow is no longer belong to the Batchelor 
Type because of the increasing of radial velocity. 

Figure 6 shows the axial variations of radial velocity and 
tangential velocity at three radial locations of the case shown 
in Figure 5(b). It can be seen from Figure 6 that β is basically 
constant in the region beyond the two side boundary layers. 
However, the radial velocity in the core region is not 0, its 
axial distribution is peak to valley. The valley value near the 
stationary wall increases from 0.13 at r*=0.95 to 0.5 at 
r*=0.37, so the radial velocity is no longer negligible. 

 
(a)Cw=4015, β0=0; 

 
(b)Cw=12050, β0=0.4; 

 
(c)Cw=24155, β0=0.8; 

Fig.5 the Streamlines in r-z Plane with G=0.02 

 

 

 
(a) r*=0.92; 

 

 
(b)r*=0.65; 

 

(c)r*=0.37; 
Fig.6 Velocity Profiles for Cw=12050,β0=0.4 with G=0.02 at Three 

Radial Locations 

For the flow of Batchelor type whose vr≈vz≈0 in the 
core region, the N-S equation for tangential component of the 
flow in the rotating core reduces to the balance of the 
centrifugal force and the radial pressure gradient: 
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* *2 * 2 *1
/ /

2 pC dr v r r    .   (1) 

It is called the simple radial equilibrium equation. For the 
flow with non-negligible radial velocity, the simple radial 
equilibrium equation becomes: 

* 2* *
2 * 2 *

* * * *

1
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.  (2) 

RoH, the radial Rossby number, evaluates the order of 
magnitude of radial velocity with regard to tangential 
velocity at rotating disk rim. In fact, it reflects the deviation 
degree of flow from the standard Batchelor type. 
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For the conditions with big G, Reφ or small Cw, whose 
radial Rossby number is much small than 1, the flow is 
approximately of standard Batchelor type, such as Figure 3 
and Figure 5(a). For the conditions with small G and big Cw, 
such as Figure 5(b) and 5(c), RoH is no longer much smaller 
than 1. Hence, the flow is not of standard Batchelor type. 

Discussion of Dimensionless Flow Parameters 
The distinctions among flow structures will result in the 

different cavity pressure loss ultimately, and the pressure loss 
is one of the most important results for flow in rotating 
cavity. Figure 7(a) and 7(b) show the variation of Cp1, which 
denotes outlet pressure coefficient, with λT when β0 keeps the 
same for G=0.2 and G=0.02 respectively. The cases in Figure 
7 include four different values of λT and every λT contains 
four combinations of Cw and Reφ. Kumar et al. (Kumar et al., 
2013) have made the conclusion that for any particular 
geometry of rotating cavity, Cp1 depends only on β0 and λT.  

In current paper, for conditions of G=0.2 shown in 
Figure 7(a), when β0 and λT are the same, the difference of 
Cp1, between the cases with different combinations of Cw and 
Reφ, is below 3%. For conditions of G=0.02 in Figure 7(b), 
although the discrepancy of Cp1 remains small when λT is 
small, it increases with the increase of λT and is up to 12% 
when λT is 0.287. The reason why the discrepancy is big for 
the conditions of small G and big λT is the change of degree 
of deviation from the standard Batchelor type. 

 
(a)G=0.2 (b)G=0.02 

Fig.7 Comparison of Cp1 Among Different Combinations of Reφ 
and Cw 

As shown in Table 3, when λT equals 0.022, RoH is 
much smaller than 1 and basically the same among different 
combinations of Cw and Reφ. However, when λT equals 
0.287, RoH is the order of magnitude of 1 and varies 
apparently among different combinations of Cw and Reφ. The 
non-negligible radial velocity will result in more pressure 
loss because of hydraulic frictional resistance, therefore, 

different RoH among different combinations of Cw and Reφ 
denotes the different pressure loss. 

Through the above analysis, a conclusion can be made: 
for a rotor-stator cavity, the pressure loss depends only on β0 
and λT when RoH<<1. 

Table 3 Comparison of RoH Among Different Combinations of 
Reφ and Cw with G=0.02 

λT=0.022 

Reφ RoH Reφ RoH Reφ RoH Reφ RoH 

1.8x106 0.029 3.7x106 0.026 5.5x106 0.024 7.4x106 0.022 

λT=0.0287 

Reφ RoH Reφ RoH Reφ RoH Reφ RoH 

1.8x106 0.383 3.7x106 0.333 5.5x106 0.307 7.4x106 0.290

The relationships between β0, λT and pressure loss are 
discussed in the following. Figure 8 shows the variation of 
the outlet pressure coefficient Cp1 for the cavity, with λT for a 
range of different inlet swirl ratio when G=0.2. It can be seen 
from Fig.8 that: for a given value of λT, Cp1 increases with 
increasing β0, this impact becomes stronger with the increase 
of λT; for a big given value of β0 (greater than 0.2), Cp1 
increases with increasing λT; for a small given value of β0 
(less than 0.2), Cp1 increases at first and then decreases with 
increasing β0. 

In addition, the influence of aspect ratio G on pressure 
loss is investigated. Figure 9 shows the variation of the outlet 
pressure coefficient Cp1 for the cavity, with λT for a range of 
different G when β0=0.8. It can be seen from Fig.9 that: Cp1 
increases with decreasing G. 

 
Fig.8 Variation of Cp1 with λT 

for a Range of Different β0 

when G=0.2 

Fig.9 Variation of Cp1 with λT 

for a Range of Different G 

when β0=0.8 

All the above discussions are the qualitative analysises 
of the influence of β0, λT and G on pressure loss. However, 
the accurate calculation of pressure loss needs the 
quantitative result. Because the raidal distribution of pressure 
loss is decided by the central core swirl ratio β when 
RoH<<1, many studies are focused on the calculation of β. 
Poncet (Poncet, 2005) found that β of the turbulent flow in a 
rotor-stator cavity depends on a local flow rate coefficient 
Cqr=(Q/2πr3Ω)(Ωr2/ν)1/5 according to a 5/7 power-law: 

 5/72 ( ) 1ra Cq b            (4) 

with a and b two experimental constants. Furthermore, they 
measured the radial distribution of β on the conditions of 
G=0.024~0.048, Reφ=6.92x105~4.15x106, Cw=1247~18215 
and found that a, b were independent of G, Reφ and Cw. 

Figure 10 shows the variations of β with Cqr in the 
rotor-stator cavity of G=0.02 which are calculated in current 
paper. It can be seen from Figure 10 that the distribution of 
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β can indeed be correlated according to a 5/7 power-low in 
the cases of small aspect ratio. However, a as well as b of 
the equations are obviously dependent of β0. The values of a 
and b of the 5/7 power-law equations for β0=0~0.8, 
λT=0.022~0.287 and G=0.02 are shown in Table 4. Through 
further analysis, we find that a as well as b can be correlated 
to β0 and λT according to the polynomial laws: 

0 0(11.602 17.652) (0.5708 5.9826)Ta         (5) 

0 0(1.9413 1.0229) (0.0433 0.6668)Tb       .  (6) 
It can be seen from the above correlations that: when β0 

and λT are small, a and b are approximately constants, as 
found by Poncet; when β0 and λT are big, a and b are 
dependent of β0 and λT. In fact, Cqr can be defined as another 
expression Cqr=(1/2π)λT(r/R)-2.6 and the 5/7 power-low of β 
becomes: 

 2.6 5/72 ( ( / ) ) 1A r R b        (7) 

with A=(a/2π)λT.  
Figure 11 shows the variations of β with Cqr for G=0.2. 

It can be seen from Figure 11 that the distribution of β cannot 
be correlated according to the 5/7 power-law in the case of 
big aspect ratio. One possible reason is that the increase of 
the aspect ratio will reduce the influence of the core region 
on the boundary layers near the disks. Therefore, the flow in 
boundary layers at low radial location in the case of big G is 
laminar flow and does not satisfy the premise that Poncet 
used to obtain the 5/7power-law correlation. Debuchy et al. 
(Debuchy et al., 2008) proposed several correction methods 
of the 5/7power-law correlation such as: 

 2/3
1 1[ ]ra Cq b       (8) 

5/4

1 1

r

r
Cq

a Cq b

e
     

.   (9) 

In current paper, a modified 5/7 power-law correlation 
of β is proposed: 

 
5/7

1 1

r

r
Cq

a Cq b

e
     

  (10) 

with a1, b1 and φ being constants. Comparisons between the 
modified 5/7 power-law and the numerical data of the 
distribution of β are shown in Figure 11. The results are in 
very good agreement. In addition, a1, b1 and φ are also found 
to be decided by β0, λT. 

 
Figure 10 Variation of β with Cqr for G=0.02, λT=0.135 

 
Table 4 a, b for Different β0 and λT with G=0.02 
 β0=0 β0=0.4 β0=0.8 
λT a b a b a b 

0.022 5.9 0.655 6 0.68 6.4 0.69
0.067 4.8 0.62 5.5 0.665 5.7 0.75
0.135 3 0.5 4.4 0.61 5.1 0.82
0.287 1.15 0.41 2.75 0.575 3.85 0.86

 

 
Figure 11 Modified 5/7 Power Law Giving β Versus Cqr for G=0.2, 

λT=0.135 

EXPERIMENTAL APPARATUS AND RESULTS 

Experimental Apparatus 
The experimental investigations of flow in a rotor-stator 

cavity with radial inflow are carried out. A rotor-stator cavity 
test rig, which covers the range of dimensionless parameters 
described as above, is designed and built up. Figure 12 shows 
the rig flow path and the rig itself with the installed 
instrumentation. The test rig is composed of a rotor of 
500mm diameter, spinning at up to 5000rpm and separated 
from a shrouded stator by an axial air gap which can be 
varied from 3mm-60mm (0.012≤G≤0.24) in width by 
changing the stator. The rotating of the disk is produced by a 
15kW three-phase frequency conversion motor. A variable 
speed numerical controller directs the angular velocity Ω. 
The accuracy on the measurement of the angular velocity is 
better than 1%. The air discharged from a screw compressor 
is divided into two parts: one goes through the holes in the 
stationary shroud to get no initial swirl flow (mass flow 1), 
and the other goes through the inclined holes in the rotor to 
get the high pre-swirl flow (mass flow 2). The no initial swirl 
flow and the high pre-swirl flow will converge again and mix 
uniformly before getting into the rotor-stator cavity. The 
distribution of the air of the two parts is controlled by a set of 
butterfly valves. The variation of β0 can be achieved by the 
adjustment of the distribution of the air. After passing 
radially inward through the rotor-stator cavity, the air leaves 
to the atmosphere. The main characteristics and 
dimensionless parameter values of the test rig are listed in 
Table 5. 

The instrumentation used for the experiments can be 
separated into two groups. Instrumentation is mounted to 
determine the flow quantities as well as instrumentation to 
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monitor the test rig in operation. The first category includes 
vortex street flowmeters (range: 40~350m3/h, accuracy: 
±1%FS) to measure the different mass flows, two three-hole 
pressure probes to determine the tangential velocity of the 
flow at the cavity inlet and inside the rotor-stator cavity, 
platinum resistance temperature sensor (range: -50~100℃, 
accuracy:±1℃) to quantify the gas temperature and pressure 
transducers (range: 5/10/100psi, accuracy:±0.05%FS) to 
determine the static pressure of vortex street flowmeter and 
cavity. The second category includes safety instrumentation 
like vibration sensors to measure the bearing vibrations, 
thermocouples to determine the bearing temperatures. 

 
Figure 12 Schematic Representation of the Experimental Setup 

 
Table 5 Main Characteristics and Dimensionless Parameter 

Values 

Main Characteristics 
Dimensionless 

Parameters 

Rotor Radius:R(m) 0.25 Reφ 3.65×106

Max. Rotating Speed: 
N(rpm) 

4000 Cw 5.14×104 

Pressure: P(bar) 1.5 λT 0.01~0.058

Temperature: T(℃) 15 β0 0~1 

Max. Flow Rate: 
Qmax(kg/s) 

0.2 RoH 0.18 

Results and Discussions 
In current paper, the experimental data of tangential 

velocity and static pressure distributions of the rotor-stator 
cavity whose aspect ratio equals 0.2 are obtained. In figure 
13, we plot the coefficient Cp versus r* for few relevant 
cases. As expected, the pressure decreases towards the centre 
of the cavity. Moreover, at a given radial position and for a 
given β0 (β0>0.2), it can be observed that Cp increases for 
increasing values of λT. On the other hand, for a given values 
of λT, Cp increases for increasing values of β0. 

According to the simple radial equilibrium equation, we 
can determine β from the value of Cp. To calculate the 
derivative of Cp, it is first necessary to perform a polynomial 
fit of the curves Cp versus r*. Then, we calculate by finite 
difference the derivative of Cp in order to obtain the values of 
β. Figure 14 compares the variations of β with the 
dimensionless radius r* for the data series obtained by the 
pressure sensor and from the three-holes pressure probe 
measurements. The results are in good agreement. The above 
discussions verified the conclusion of the numerical 
investigationsthat the flow in a rotor-stator cavity for the 

conditions with big G, whose radial Rossby number is much 
small than 1, is indeed of standard Batchelor type. 

Furthermore, comparisons between the modified 5/7 
power-law proposed in current paper and the experimental 
data of several cases are shown in Figure 15. The results are 
in very good agreement.  

 
Figure 13 Radial Distributions of Cp for Various Flow Conditions 

 
Figure 14 Radial Profiles of β: comparison between the values of 
β obtained from the pressure measurements and from 3-hole 

probe 

 

 

Figure 15 Modified 5/7 Law Giving β Versus Cqr 
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CONCLUSIONS 
Numerical and experimental investigations of the flow 

in a rotor-stator cavity of different aspect ratio with various 
radial inflow have been performed in the current paper.  

It is found that the radial Rossby number reflects the 
deviation degree of flow from the standard Batchelor type. 
For the conditions with big aspect ratio and small λT, whose 
radial Rossby number is much smaller than 1, the flow is of 
standard Batchelor type. However, for conditions with small 
G and high λT, the radial Rossby number increases 
apparently and the radial velocity is no longer negligible. For 
the flow of standard Batchelor type, the flow characteristics 
are dependent on β0 and λT, the variation of tangential 
component of the flow in the rotating core can be described 
by the simple radial equilibrium equation. 

The radial distribution of β could be correlated, in the 
case of small aspect ratio, according to a 5/7 power-law, in 
the case of big aspect ratio, according to a modified 5/7 
power-law. Furthermore, the coefficients of the 5/7 power-
law equation are correlated to β0 and λT according to the 
polynomial law. 

The experiments acquire the tangential velocity and 
static pressure distributions of the conditions whose aspect 
ratio equals 0.2 by pressure transducers and three-hole probe. 
The measurement data verify that the flow in the rotor-stator 
cavity with G=0.2 is of Standard Batchelor Type and its 
distribution of β can be correlated according to a modified 
5/7 power-law. 

NOMENCLATURE 

R = outer radius 

RH = Inner radius 

S = the axial spacing between disks 

m = outlet mass flow rate 

r = radius coordinate 

z = axial coordinate 

r* = dimensionless radius=r/R 

z* = dimensionless axial coordinate=z/S 

G = aspect ratio=S/R 

N = rotational speed of disk 

vφ = tangential velocity 

vφ,0 = inlet tangential velocity 

vr = radial velocity 

vr
* = dimensionless radial velocity=vr/Ωr 

vφ
* = dimensionless tangential velocity= vφ/Ωr 

β = swirl ratio= Vφ / Ωr 

β0 = inlet swirl ratio= Vφ,0 / ΩR 

P = static pressure 

P0 = inlet static pressure 

P1 = out static pressure 

Cw = dimensionless mass flow=m/μR 

Reφ = rotational Reynolds Number=ρΩR2 /μ 

λT = turbulent flow parameter = Cw / Reφ
0.8 

Cqr = local flow rate coefficient =(Q/2πr3Ω)(Ωr2/ν)1/5

RoH = radial Rossby number=Q/(2πRHSΩR) 

Cp = pressure coefficient = 2(P0-P) / (ρΩ2b2) 

Cp1 = outlet pressure coefficient = 2(P0-P1) / (ρΩ
2b2) 
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