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Effects of Coriolis Force on Flow in Rotating Diffusers

Hide S. Koyama¤ and Kuniharu Uchikawa²

Tokyo Denki University, Tokyo 101, Japan
and

Hani H. Nigim³

Birzeit University, Birzeit, Palestine

To investigate the coupled effects of secondary ¯ ow, stability (or instability) due to Coriolis force, and adverse
pressure gradient on the ¯ ow in a rotating diffuser of low aspect ratio, quantitative experiments were performed.

The diffuserhad parallel end walls and straight sidewalls, which could vary its includedangleup to 18deg. Pressure,
mean velocity, and turbulence intensity were measured with a pressure transducer, hot-wire anemometers, and a

transmission system of electrical signals from a rotating apparatus to the stationary system. Experimental results
indicate the formation of a stable large separated ¯ ow region on the suction side and a through-¯ ow region on the

pressure side. The ¯ ow pattern was steady, and once the separation occurred, the change of the angular velocity
had little or no effect on the mean velocity and turbulence intensity pro® les at the midheightof the rotating diffuser.

Nomenclature
C p = static pressure coef® cient
H12 = shape factor
p = static pressure
pt = total pressure
Re = Reynolds number, Um x/ m
Ri = Richardson number
Ro = rotation number, x x/ Um

r = local radius
u, Um , Up = mean velocities
u 0 , v 0 = root mean square of ¯ uctuating velocities
W = width of diffuser
x , y, z = coordinates
c p = percent of time of downstream ¯ ow
d = boundary layer thickness
d 1 = displacement thickness
h = diffuser included half angle
m = ¯ uid kinematic viscosity
q = ¯ uid density
x = angular velocity

Subscripts

s = suction side
p = pressure side
1 = diffuser inlet condition

Introduction

M ANY investigations concerning ¯ ow mechanism in the pas-
sages of centrifugal impellers have been reported over the

years.1±4 Recently,a low-speedcentrifugalcompressorfacility was
designed and built by the NASA Lewis Research Center. The pur-
pose of this facility is to obtain detailed ¯ ow® eld measurements for
computational¯ uid dynamiccode assessmentand fundamental¯ ow
physics research. Preliminary experimental investigation results of
inlet and exit ¯ ow uniformity and measurement repeatability were
reportedby Hathawayet al.5 The computational¯ uid dynamicmod-
els used for analysis of the low-speed centrifugal compressor ¯ ow-
® eld may not have correctly predicted the magnitudes of the ¯ ow
parameters.
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The ¯ ow mechanismwithin actual centrifugal impellers is not yet
understoodcompletely becauseof the complexity of the ¯ ow that is
affected by the coupled effects of the adverse pressure gradient, the
rotation and the streamline curvatures of hub and shroud from the
axial to the radial direction, and blades in the tangential direction.
To elucidate this problem, various approaches have been carried
out. It is common knowledge that the stability of shear ¯ ow and
the secondary ¯ ow play important roles in the rotating system. For
example, the motion of ¯ uid particles is stabilized in the boundary
layer on the suction side (parallel to the axis of rotation) of the ro-
tating rectangular channel, whereas on the pressure side the motion
of ¯ uid particles is destabilized.Secondary ¯ ows from the pressure
side to the suction side arise in boundary layers known as Ekman
layers on the top and bottom walls (perpendicular to the axis of ro-
tation) because of the imbalance between the Coriolis force and the
pressure force. Therefore, these phenomena are generally referred
to as the stabilizing (or destabilizing)effect and the secondary ¯ ow
effect of Coriolis force, respectively.

Moore6 investigated the effects of rotation, secondary ¯ ow, and
adverse pressure gradient on ¯ ow in a rotating diffuser with aspect
ratio 1:1 at the inlet. Experimental results indicated that, at high ¯ ow
rates, the boundary layer attached on the pressure side, whereas a
large wake was formed on the suction side of the diffuser. The suc-
tion side boundary layer thickened as the ¯ uid transported toward
the suction side concentrated in a large wake region. However, sec-
ondary ¯ ow through the pattern was not symmetrical and no reverse
¯ ow was measured in this wake region; hence, the ¯ ow was not
separated in the two-dimensional sense. Moore suggested that the
entrainment at the edge of the wake was small compared to the
cross¯ ows into the region from the top and bottom walls.

Rothe and Johnston7 and Johnston8 reported experiments con-
cerning the effects of rotation on the ¯ ow in a rotating diffuser that
was attached to the end of the long channel of aspect ratio 7.2:1.
The results showed that the ¯ ow always was separated from the
suction side and downstream of the separation point; a shear layer
marked a sharp boundary between a through-¯ ow and a separated
region.The separatedregionwas steadycomparedwith that foundin
a stalled stationary diffuser. Flow visualizationresults showed that,
on the free shear layer between the through-¯ ow and the separated
region, there was little mixing or entrainment.

Sturge9 investigated the in¯ uence of rotation on the growth and
separation of the turbulent boundary layers on the side walls of a
rotating diffuser of aspect ratio 2:1 at the inlet. The growth and
separationof the boundary layer on the suction side, the subsequent
development of a wake including reverse ¯ ow on that side, and the
thinning of the boundary layer on the pressure side that were found
were attributed mainly to secondary ¯ ows on the end walls. No
direct evidence of the expected in¯ uence of the Coriolis force on
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boundary-layerstability was found because on the suction side the
turbulence intensity increased to a high value of about 15% in the
middle of the boundary layer.

Kikuyama et al.10 , 11 investigated the effects of rotation on the
¯ ow in rotating conical and cross-section diffusers of different in-
cluded angles. From the experimental results, it was found that the
¯ ow patterns in the diffusers were changed strongly by the rotation
number. The separationpoint moved toward the inlet of the diffuser,
and the pressureenergy recoverydecreasedwith increasingrotation
number. With increasing included angle, the turbulence intensity
and mean velocity gradient increased near the pressure side wall
but decreased near the suction side wall.

The objective of the present study is to investigate the secondary
¯ ow effect and stabilizing(or destabilizing)effectsof Coriolis force
on the ¯ ow in a rotating diffuser of low aspect ratio and to offer re-
liable experimentaldata on mean velocity and turbulencequantities

Fig. 1 Denki University, Tokyo, rotating wind tunnel.

Fig. 2 Geometry and coordinate axes of rotating diffuser. Dimensions are in millimeters.

that are desirable in numerical simulations of rotating diffuser ¯ ow.
Detailedmeasurementswere performedwith a rotatingwind tunnel.
An important difference between the present experiment and those
by Moore,6 Sturge,9 and Kikuyama et al.11 is the inlet and exit ¯ ow
conditions.

Apparatus and Instrumentation
To study the stability and secondary ¯ ow effects of the Coriolis

force on a rotating shear layer, a rotating wind tunnel was designed
by Koyama et al.12 A small wind tunnel was mounted on a turntable
2 m in diameter,which was rotating about a verticalaxis at a consid-
erable speed. Although the tunnel could be rotated in either direc-
tion, most of the experimentswere performed for counterclockwise
rotation as shown in Fig. 1. Air, delivered to the rotating duct by
a fan blower, ¯ owed through the recti® cation section and the sym-
metrical converging nozzle of contraction ratio 7.5:1 into the test
channel. Recti® cation was secured by means of layers of honey-
comb ¯ ow straighteners interspersed with screens. A test channel
having a cross section 40 mm high £ 280 mm wide and a length of
760 mm was attached to the end of the convergent nozzle. Flow in
a rotating single channel, especially of low aspect ratio, is affected
by cross¯ ow, which is equal to the circumferential velocity at the
channel exit.13 To eliminate this obstructive in¯ uence in the study
of Coriolis force effects, a fence 40 mm long £ 110 mm high was
installedon both sides of the test channel exit, and the rotating wind
tunnel was covered with a cylindrical fence rotating at the same ro-
tational speed of the wind tunnel. To obtain the turbulent boundary
layers, two tripping wires with diameters of 1.0 and 1.5 mm were
installed on the surfaces at the inlet and 75 mm upstream of the test
channel. To construct a diffuser, two streamlined side walls were
put in the test channel as shown in Fig. 2. The side walls could be
pivoted around axes a±a as shown to maintain the same geome-
try upstream of the diffuser inlet, and the included angle 2h could
be varied continuously up to 18 deg. The experiments described
here used 5, 10, and 15 deg. The diffuser had an aspect ratio of 1:2
at the inlet and a length of 660 mm. Arrays of static pressure taps
were provided on the side wall surfaces and the bottom wall surface
of the diffuser.

The pressure was sensed by a pressure transducer (Sankei En-
gineering, DPX10). Constant-temperature hot-wire anemometers
(Dantec Electronik, 56C01, 56C17, and 56N21) and a single hot-
wire sensor with a 5- l m tungstenwire were used for measurements
of the mean velocity and turbulence intensity. A tandem hot-wire
sensor was used to measure the unsteady reverse ¯ ow in the sepa-
rated region and the percentage of downstream ¯ ow time. The hot-
wire probe or pitot tube was traversed continuouslyby a traversing
mechanism driven by a stepping motor while the wind tunnel was
rotating. Power for operation of the hot-wire anemometer, the pres-
sure transducer, and the traversing mechanism, as well as control
signals, was transmitted through the rotating slip rings (Michigan
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Scienti® c Co., SR20M). Control units of the hot-wire anemometer
were mounted on the turntable. A new transmission system of hot-
wire signals from the rotating system to the stationary system was
designed to immunize the electricalnoise, because the signals must
be sent througha very noisyenvironmentto the stationarysystemfor
further processing. Details of the signal transmission system used
in the present experiment have been reported by Koyama et al.12

Experimental Results and Discussions
Reynolds number and rotation number, which is a measure of the

Coriolis force relative to the inertia force, were formed utilizing x ,
the distance from the inlet of the diffuser:

Re = Um x/ m (1a)

and
Ro = x x/ Um (1b)

where Um is the local mean velocity across the cross section and x
is the angularvelocityof the diffuser.Measurementsof mean veloc-
ity and turbulence intensity were made at six locations at 100-mm
intervals under conditions of diffuser inlet velocity equal to
10.0 m/s; x = 0.0, 5.2, and 10.5 rad/s; and 2h = 5, 10, and 15 deg.
In the experiments described here, global Re and Ro at the exit of
the diffuser of 2h = 15 deg are 1.26 £ 105 and 2.42, respectively.

Hill and Moon,14 Moon,15 and Wagner and Velkoff16 put forth
a great effort to achieve a uniform velocity pro® le at the inlet of a

Horizontal pro® le

Vertical pro® le

Fig. 3 Pro® les of mean velocity, turbulence intensity, and reduced total pressure of rotating diffusers: ±, 0 rad/s; 4 , 5.2 rad/s; and , 10.5 rad/s.

rotating test channel for all angular velocities of the wind tunnel.
In the present experiments, however, no efforts were made to get a
uniform velocity at the diffuser inlet. The system rotation imposes
a linear velocity gradient along the transverse direction at the inlet
where the ¯ ow is potential.Figure 3 shows the inlet ¯ ow conditions
of the rotatingdiffusers.It shows the pro® les of mean velocityu/ u1,
where u1 is the reference mean velocity measured in the midheight
of the diffuser at the inlet, i.e., x = 0.0, turbulence intensity u 0 / u1,
and reduced total pressure p ¤

t [= pt ¡ ( pr2 x 2/ 2)]/ p ¤
t1, where pt is

total pressure, r is the local radius from the axis of rotation, and p ¤t1
is reduced total pressure in the center of the diffuser at the inlet for
the cases of x = 0.0, 5.2, and 10.5 rad/s, and 2h = 15 deg. For
counterclockwise rotation, the upper line at y/ W1 = 0.50, where
W1 is the width of the diffuser at the inlet, is the suction side surface
of the rotating diffuser and the lower line at y/ W1 = ¡ 0.50 is the
pressure side surface. As x increased, the boundary-layerthickness
increased on the suction side and slightly decreasedon the pressure
side.

These phenomena might be due to the secondary ¯ ows arising in
the boundary layers on the top and bottom walls of the converging
section upstream of the diffuser inlet. Although a weak increasing
tendency could be seen, the freestream-turbulenceintensities were
less than 0.4% for both the stationaryand rotatingcases.Overshoots
of velocity were observed near the walls at the inlet of the diffuser.
However, it was fully noticeable that the total pressuresbetween the
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side walls for both the stationary and rotating cases were constant
outside the boundary-layer regions, i.e., the ¯ ows were potential.
Boundary-layer thickness at the inlet exerts a large in¯ uence on the
ef® ciency of pressure recovery of even a stationary diffuser. The
inlet blockage factor was about 0.03.

From the experimental results for the stationary diffusers, it was
found that the boundary-layerdevelopments were promoted on the
side walls of the stationarydiffusersbecauseof the adversepressure
gradient along the walls. Points of in¯ exion of the velocity pro® le
were observed in the boundary layer at the exit for 2h = 10 deg
and downstream of x/ W1 = 3.75 for 2h = 15 deg. For the cases of
2h = 5 and 10 deg, the velocity pro® les were almost symmetrical
over the width of the diffusers.Although the lack of symmetry could
be seen at the exit of 2h = 15 deg, frequent oscillation of the ¯ ow
from one side to the other was not observed.

The analogy between density strati® ed, curved streamline, and
rotating turbulent ¯ ows has been discussed by Bradshaw.17 As an
appropriate measure of the local stability for the case of rotating,
parallel shear ¯ ow the gradient Richardson number was de® ned as
follows:

Ri = ¡ 2 x
@u/@y ¡ 2 x

(@u/ @y)2

= S(1 + S) (2)

where S is ¡ 2 x / (@u/ @y), which represents the ratio of the local
Coriolis force ¡ 2 x u to the inertia force u(@u/@y).

Pro® les of u/ u1 , u 0 / Up , where Up is hypotheticalvelocityextrap-
olated from the velocitypro® le between the boundarylayer edges d s
and d p, for the case of x = 10.5 rad/s, and 2h = 15 deg, are shown
in Fig. 4. Richardsonnumber, as de® ned by Eq. (2), and percentage
downstream ¯ ow time c p between the side walls at midheight of
the rotating diffuser are also shown in Fig. 4. Squares represent the
pro® les measured by the single hot-wire sensor, and solid circles
represent the pro® les by the tandem hot-wire sensor. As x and 2h
increased, boundary-layer development was promoted on the suc-
tion side and suppressed on the pressure side, in comparison with
the case of a stationary diffuser. The slope of the velocity pro® le
increased in the vicinity of the pressure side wall and decreased on
the suction side. These tendencies were exaggerated with increas-
ing x and x . For the case of x = 10.5 rad/s, the boundary layer
separated at x/ W1 = 5.00 for 2h = 10 deg and at x/ W1 = 2.50
for 2h = 15 deg at the least. However, separationwas not observed
for the case of 2h = 5 deg. The measurements of secondary ¯ ows
in rotating diffusers have been carried out by Moore,6 Sturge,9 and
Kikuyama et al.10 Those experimentsclearly indicated the presence
of two longitudinalvortices that extended the length of the channel.
It seems that the same type of longitudinalvortices also arise in the
rotating diffuser described here. Consequently, the secondary ¯ ows
in the end wall boundary layers may have relatively strong effects

Fig. 4 Pro® les of mean velocity, turbulence intensity, percentage downstream ¯ ow time, and Richardson number for the case of 2µ = 15 deg and
!= 10.5 rad/s.

on the overall ¯ ow, especially on the boundary-layer development
on the suction side of the diffuser.

Consider a transient state ¯ ow in a diffuser that is rotating toward
anestablishedconstantangularvelocityfrom the rest.As theangular
velocity increases, the boundary-layerdevelopment is promoted on
the suction side and is suppressed on the pressure side because of
the secondary ¯ ows arising in the top and bottom wall boundary
layers. The fully developing and retarded boundary layer separates
only from the suction side wall because of the coupled effects of
secondary ¯ ow and stability; it never separates from the pressure
side becauseof the coupledeffectsof secondary¯ ow and instability.
Here, the secondary ¯ ow effect may be stronger than the instability
effect. Once the incoming ¯ ow has separated from the suction side
wall, the separated ¯ ow is steady, and a change of angular velocity
has little or no effect on the mean velocity and turbulence intensity
pro® les at the diffuser midheight.

Figure 5 shows the pro® les of u/u1 , u 0 / Up , Richardson number,
and c p between the side walls at x/ W1 = 6.25 for the case of
x = 10.5 rad/s and 2h = 15 deg. The ¯ ow was divided into three
regions: a reverse ¯ ow (wake) on the suction side and a through-
¯ ow ( jet) on the pressure side, with a shear ¯ ow between them.
The point where c p = 50 correspondedvirtually to the edge of the

Fig. 5 Reverse ¯ ow, shear ¯ ow, and through-¯ ow regions.
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reverse ¯ ow region. In the reverse ¯ ow region, where c p was equal
to zero, turbulence intensity was nearly constant. Ri was about 2.5
in the center portion of the shear ¯ ow region between the reverse
¯ ow and the through-¯ ow. This value is enoughto stabilize the shear
¯ ow, as demonstrated in the discussion about the relation between
Richardsonnumber and the degreeof the stabilizingor destabilizing
effect on the boundary-layerdevelopment in rotating low- and high-
aspect ratio channels(see Fig. 6). In the shear ¯ ow region, similarity
of mean velocity pro® le was observed.Moreover, the turbulencein-
tensity decreased with increasing the angular velocity for the same
included angle because the productionof turbulent shear stress was
suppressedbecauseof the stabilizingeffect. The ratio of the produc-
tion of Reynolds shear stress with rotation to that without is equal to
1 + x (u 0 2/ v 0 2 ¡ 1)/ (@u/ @y), where v 0 is a root-mean-squarevalue
of the ¯ uctuatingvelocity componentin the y direction.The ratio of
Reynolds normal stressesu 0 2/v 0 2 is larger than unity in a general tur-
bulent boundary layer. Therefore, the productionof Reynolds shear
stress decreases in the stabilized shear layer.

Theoretical investigationson the stability of boundary-layer¯ ow
and channel ¯ ows subject to rotation have shown that the ¯ ow on
the pressure side (Ri < 0) is destabilized. In contrast, the ¯ ow on
the suction side (Ri > 0) is stabilized. From the distribution of the
Richardson number in the boundary layer, however, it may be not
easy to estimate the degree of stabilizingor destabilizingeffects on
the developingturbulentboundarylayer subjectto rotation.Koyama
and Ohuchi18 studied the stabilizingand destabilizingeffect isolated
from the secondary ¯ ow effect on the two-dimensional boundary
layer developing on the central portion of the side walls of a rotat-
ing straight channel of aspect ratio 7:1. Koyama et al.19 also studied
the coupled effects of secondary ¯ ow and stability (or instability).
From comparisonof these experimental results under the same con-
ditions, inlet velocity equal to 10.0 m/s and x = 10.5 rad/s, it was
found that for low aspect ratio the secondary ¯ ows arising in the
top and bottom wall boundary layers convey ¯ uid of lower velocity

a) Rotating straight channel

b) Rotating diffuser ¯ ows

Fig. 6 Distributions of Richardson number: ÐÐÐ , two-dimensional
boundary layers, @p/@x = 0; ±, three-dimensional boundary layers,
@p/@x = 0, 10.5 rad/s; and ² , three-dimensional boundary layers,
@p/@x > 0, 10.5 rad/s.

and higher turbulence intensity to the suction side, where it accu-
mulates and forms a rapidly developingturbulentboundary layer, in
contrast with the original stabilizing effect observed for the case of
high aspect ratio. Consequently, the boundary layer on the suction
side of the straight channel of low aspect ratio is strongly stabilized
because of the decrease of the velocity gradient.

Distributions of Richardson number in the boundary layers of
straight channels are shown in Fig. 6a, where the two cases are
compared. The solid lines represent the two-dimensionalboundary
layers in a rotating channel of high aspect ratio; in this case, the
¯ ows were affected only by the stability effect, and the circles rep-
resent the three-dimensional boundary layers in a channel of low
aspect ratio, where the ¯ ows were affected by the coupled effects
of stability and secondary ¯ ow. In Fig. 6a, y 0 is the distance from
the side wall and d is the boundary-layer thickness. For the case
of high aspect ratio, the stability effect on the mean velocity and
turbulenceintensity pro® les was negligible on the suction and pres-
sure sides at the same angular velocity, equal to 10.5 rad/s, but a
large change was observed at x = 31.4 rad/s. From these compar-
isons, it is suggested that for the case of low aspect ratio at relatively
low angular velocity, secondary ¯ ows in end walls have very strong
effects on the boundary-layerdevelopmenton the side walls of a ro-
tating channel. Especially on the suction side, as there is increasing
boundary-layer thickness, the ¯ ow may be stabilized substantially
because the value of the Richardson number was higher than that
at x = 31.4 rad/s near the wall, where the turbulence production
shows a maximum. These considerationscan be applied to the ¯ ow
in the rotatingdiffuserof low aspect ratio. In Fig. 6b, the lines repre-
sent the same as Fig. 6a, and the symbols represent the cases of the
three-dimensional boundary layers at x/ W1 = 6.25 of the present
diffuser for the case of x = 10.5 rad/s and 2h = 15 deg. On the suc-
tion side, the ¯ ow is stabilized substantially because the values of
the Richardsonnumber are extremelyhigh, especiallynear the wall.

The velocity gradient of the potential ¯ ow within a rotating par-
allel channel is equal to 2 x in the plane normal to the rotation axis.
Usually, actual ¯ ow consists of boundary layers accompanied by a
potential core within rotating side walls in a constant-area straight
channel.As a fundamental idea, if the mean velocity and turbulence
quantities in the turbulent boundary layers on the side walls are
nondimensionalizedby the corresponding velocity of the potential
¯ ow, one can evaluate them under the same criterion for the rotating
and nonrotatingcases. Therefore, in this paper, the hypotheticalve-
locity Up , which was extrapolatedfrom the velocity pro® le outside
the boundary layer (see Fig. 5), was used as a reference velocity for
calculations of the boundary-layer integral thicknesses.

Figure 7 shows the variationof the displacement thickness d 1 and
the shape factor H12 of the boundary layers on the side walls of
stationary and rotating diffusers with 2h = 5, 10, and 15 deg. On
the suction side, the development of the boundary layer was pro-
moted in the streamwise direction; developmentwas suppressedon
the pressure side. Especially on the pressure side for the case of
2h = 15 deg, the thicknesseswere nearly constant in the streamwise
direction. The H12 also had a constant downstream of the location
x/ W1 = 1.25 and is nearly independent of the included angle and
the angular velocity. The freestream was de¯ ected toward the pres-
sure side becauseof the strong effect of displacementon the suction
side. The magnitudes of these phenomena were not linearly pro-
portional to the angular velocity. It is important to determine the
onset of separation.The point of separation is de® ned as the veloc-
ity gradientat the wall equal to zero.Moore6 concludedthat the skin
friction approached zero as the suction side boundary layer thick-
ened to a large wake ¯ ow, with a shape factor of approximately
3.8. However, no reverse ¯ ow was measured in the wake region;
hence, the ¯ ow was not separated in the two-dimensional sense. In
the present results, the shape factor was approximately6.6 at the lo-
cation x/ W1 = 2.5 for the case of 2h = 15 deg and at x = 10.5 rad/s,
where a reverse ¯ ow was not observed.Probably, the shape factor at
the onsetof separationis dependenton theaspect ratio at the diffuser
inlet. Rothe and Johnston,7 in a study of a rotating diffuser of high
aspect ratio, found that the end wall cross¯ ows did not sweep into
the wake region of low-speed ¯ uid. Rather, the cross¯ ows appear
to be entrained by the free shear layer downstream of boundary-
layer separation from the suction side. They emphasized that such
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Displacement thickness

Shape factor

Fig. 7 Distributions.

observations in a high-aspect-ratiodiffuser may not be representa-
tive of the cross¯ ow patterns in low-aspect-ratiopassages typical of
centrifugal impellers.

Static pressure distributionswere measured in the diffusers with
2h = 5, 10, and 15 deg for x = 0.0, 5.2, and 10.5 rad/s. A local static
pressuretapwas connectedby tubing to a pressuretransducer,which
was mounted on the turntable centerline. The transducer sensed a
reduced static pressure p ¤ = p ¡ ( q r 2 x 2/2), where p is static
pressure. Figure 8 shows the distributions of the static pressure co-
ef® cient C p , which is de® ned as

C p =
p ¤ ¡ p ¤

1

q u2
1/2

(3)

where p ¤
1 is an averaged,reducedstaticpressureacross the sidewalls

at the inletof thediffuser.For thecaseof 2h = 5 deg, thedistribution
of Cp was virtually independentof x . However, as 2h increased, the

Fig. 8 Distribution of static pressure coef® cient.

independencecould not be maintained, and the in¯ uence of x could
be seen.The C p of the stationarydiffusersemployedhere was lower
than that of the diffusers of high aspect ratio reported by Reneau
et al.20 This differencemight be due to the shape of the cross section
at the inlet of the diffuser.

Conclusions
Conclusionsreachedas a result of the present study may be sum-

marized as follows.
1) As angularvelocityincreases,the boundary-layerdevelopment

is promoted on the suction side and suppressedon the pressure side
because of the secondary ¯ ows arising in the top and bottom wall
boundary layers of the rotating diffuser of low aspect ratio. Eventu-
ally, the fully developedand retardedboundary layer separatesonly
from the suction side wall becauseof the coupled effects of adverse
pressure gradient, secondary ¯ ow, and stability; it never separates
from the pressure side because of the coupled effects of secondary
¯ ow and instability, but the secondary ¯ ow effect may be stronger
than the instability effect.

2) Once the oncoming ¯ ow is separated from the suction side
wall, the separated ¯ ow pattern is steady because of the combined
effects of secondary ¯ ow and stability because of Coriolis force. A
changeof angularvelocityhas little or noeffecton the mean velocity
and turbulenceintensity pro® les at the diffuser midheight. The ¯ ow
is divided approximately into three regions, a through-¯ ow ( jet) on
the pressure side, a reverse ¯ ow (wake) on the suction side, and a
shear ¯ ow between them.

3) In the shear ¯ ow region, the turbulence intensity decreases
with increasingangular velocity at the same includedangle because
the production of turbulent shear stress is suppressed because of
the stabilizing effect of Coriolis force. Generally, these phenomena
were not linearly proportional to the angular velocity.
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