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Four Equiangular Annular Diffusers were investigated 
with an inlet flow having swirl. The total expansion angles 
of the inner and outer cones of the diffusers were 40 ° and 
the area ratios were 1.2 5 , 1.50* 2 .00, 3.00 respectively.
The performance of each of these diffusers was studied at 
various amounts of inlet swirl. The mean swirl angle at 
the inlet was varied from approximately zero {axial flow)

Oto a value of about 25 « The performance of the diffuser 
was studied at five different inlet swirl angles with 
the aim of finding the effect of inlet swirl on the per
formance. It was found that the Equiangular Annular Diffuser 
performance was good at axial flow,, decreased fit low swirl 
and Increased at higher swirl.

The performance of the present diffuser geometry 
was compared to a set of annular diffusers whose inner cone 
converged and outer cone diverged. The Equiangular Divergent 
Annular Diffuser performed better than the Equiangular 
Divergent-Convergent Annular Diffuser,

H i
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CHAPTER I

INTRODUCTION

Plane-walled and conical diffusers have been exten- 
sively investigated at least,in the absence of swirl; 
annular diffusers, however, have not yet been thoroughly 
investigated. Since the flow in turbomachinery is largely 
through annul! this type of duct is of great interest.

In investigating the performance of a diffuser it 
is important to measure certain performance parameters, such 
as pressure recovery and diffuser efficiency, and also 
to determine the effect if any, of the various geometric 
and flow variables on the performance parameters.

A comparatively simple type of annular difftiser of 
practical interest is that in which the mean flow surface 
is a cone of increasing radius. For such a configuration 
there are four basic geometrical variables, the inlet 
hub/tip ratio, the over-all area ratio, the angle of the 
inner wall, and the angle of the outer wall.

It is also essential that several aerodjmaraic para
meters be carefully measured if a meaningful analysis of 
diffuser performance is sought, For the inlet, these 
parameters are the inlet profile shape, turbulence and 
inlet swirl.

Defects in mass flux and momentum flux at the inlet 
may be of several kinds, associated with the boundary 
layer or with, the radial or circumferential variations in

i
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flow velocity and pressure. In order to reduce the number 
of experimental configurations, it was desired to establish 
a flow that is axisymmetric and to employ a fully developed 
flow, which would establish a "thick" boundary layer. 
Repeatability is best achieved if the boundary layer builds 
up In a long constant area duct.

In practical applications of annular diffusers the
\

flow enters the diffuser with a swirl. The effect of inlet 
swirl Is of major importance, and no performance data on 
this type of diffuser can be considered complete unless 
It includes the effect of inlet swirl.

The aim of this research is to Investigate the effects 
of inlet swirl on the performance of a number of annular 
diffusers of equal divergent angles, but different area 
ratios.
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3
CHAPTER 2

LITERATURE SURVEY 
The material covered in this chapter summarizes briefly 

the existing literature and also, introduces some of the 
terminology used in diffuser research.

2.1.0 General Remarks on Diffusers
The diffuser is a device which converts the kinetic 

energy of a moving stream of fluid into static pressure. 
Continuity is satisfied by the corresponding reduction in 
mean velocity. The mean velocity reduction is accompanied 
by a pressure rise? however, this relationship, between 
decreasing velocity and increasing pressure is complex.
The axial momentum is reduced not only because of the 
increased pressure, but also because of mixing processes 
occurring and the shear forces developed on the diffuser 
walls. With a diffuser a wide variation in axial vel
ocity occurs across the outlet section, the flow separ
ating from the walls if the diffuser expansion angle is 
sufficiently large.

The simplest flow passing through a diffuser may be 
considered as one-dimensional. As the floY/ enters,the 
streamlines diverge and the fluid experiences a deac
celeration, velocity decreasing as the flow continues 
through the diffuser, but static pressure increasing.
Most of the analysis on diffuser performance In the 
past has been done using one dimensional flew Through
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the diffuser.
Diffusers are classified into three general groups- 

plane-walled, conical and annular. The various types of 
diffusers are in Figure (1).

2»2gQ Diffuser Performance
The performance parameters most-commonly used in the 

analysis of diffuser performance are the pressure recovery 
factor, CpR and the diffuser effectiveness^ ,

The pressure-recovery factor relates the actual 
pressure rise of a diffuser to the dynamic pressure at 
the diffuser inlet, i.e.,

' = 2s PP E  — —

Q
1/1 (2-1)

- R- - R-~ r) ■-£ ;
b I

The overall diffuser effectiveness is the ratio of 
actual pressure rise to that achievable from the same dif 
fuser with, one dimensional ideal fluid flow at.the same 
flow rate, i.e.,

/£ = C (2-2.')

where the ideal pressure recovery factor can be readily 
shown to be a function of only the area ratio of the
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5

diffuser, i.e.,

c  - / - J.
S?/*3-

Often in the diffuser literature, the term diffuser efficiency 
is used, rather than effectiveness. Efficiency implies 
losses, w h e r e a s , , as defined here, is more representative 
of the effectiveness with which the area change of a diffuser 
is used for diffusion purposes than it is of the loss which 
occurs within the device.

- When swirl is introduced into the flow, the maximum 
pressure rise may he obtained at an optimum swirl angle 
and the effectiveness could be greater than unity. An 
expression for the pressure recovery factor for ideal fluid 
flow through an annular diffuser with a free vortex swirl 
is derived and presented in Appendix B.
2.3.0. Previous Investigations of Diffusers

2.3.1. Conical and Plane Walled Diffusers

Although diffuser research dates back to the eighteenth 
century, it was not until the early twentieth century that 
serious, extensive investigations were carried out by Gibson 
and Eiffel (ref. 3). Both men investigated conical diffusers, 
the former using air the latter water. McDonald and Pox 
(ref. 9 ) did further investigations on conical diffusers, 
obtaining performance and flow regimes information for

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6

a wide range of diffuser geometries. Later Patterson and 
Peters (ref. 10 and 11) correlated diffuser losses with 
the angle of expansion of the diffuser, the shape of the 
diffuser and the area ratio of the diffuser.

Professor Kline (ref. 7) and his associates investigated 
extensively the performance and design of straight two- 
dimensional diffusers (Plane walled). Kline found four 
primary flow regimes, regions of unstalled flow, large tran
sitory stall flow, two-dimensional stall flow, and jet 
flow and presented these as functions of overall diffuser 
geometry. The performance of both stalled and unstalled 
diffuser was mapped for a wide range'of geometries and 
inlet boundary layer thicknesses. In analyzing the diffuser 
performance, two performance parameters were found- the 
pressure recovery factor, Cp^, and the diffuser effectiveness, 

, Using these values, performance plots were obtained.
It was found that in the region of unstalled flow, C-.̂  isirxl
determined by the area ratio, the diffuser effectiveness is 
determined by the diffuser expansion angle. In the region 
of large transitory stall, C_._ is determined by the expansion

x  r i

angle. In the two-dimensional stall flow and in the jet 
flow CpH remains fairly constant.
2.3.2. Annular Diffusers

Johnston (ref. 6) investigated the effect of inlet 
conditions on the flow, in annular diffusers.

The expansion angles of his annular diffuser varied

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



from 6.5 to 15 . For a variety of inlet velocity distri
butions the performance of each diffuser was measured. He 
found that diffuser efficiency deteriorated as inlet con
ditions become more non-uniform, this tendency increasing 
with diffuser angle.

Hensler and Howard (ref. 5) investigated equiangular un 
annular diffusers (converging inner cone,diverging outer

O ocone) with angles ranging between 7 and 20 . They were 
able to establish the flow regimes and performance as 
functions of the geometrical parameters of the diffusers,
The flow was fully developed at the inlet, without swirl, and 
it was noticed that the behaviour of the equiangular diffuser, 
was similar to that of two dimensional diffusers,

Thornton-Trump (ref. 15) investigating annular dif
fusers with a straight inner concentric core and a diverging 
outer cone found that the performance of the diffuser laid 
between two-dimensional diffusers and conical diffusers.

Sovran and Klomp (ref. 13) studied the performance of a 
wide variety of annular diffusers,•for flow without swirl,using 
thin boundary layers and different inner and outer wall 
angles to obtain a performance chart. They concluded that wall 
angles and the inlet radius ratio did not’ affect the 
performance appreciably; however, the area ratio and the 
non-dimensional diffuser length, war,? important controlling 
factors.
2.4.0, Specification of Inlet Swirl

In most practical applications of annular diffuser
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8

the fluid•motion is not one-dimensional, but possesses 
also a swirl motion,, Such a motion in a flow may be set 
up by means of a swirl vane, turbine blades or compressor 
blades. Due to the swirl motion, the flow entering the 
diffuser now has an axial velocity component and also a 
tangential velocity component. A swirl angle,ip , the angle 
of the flow measured relative to a plane through the 
center line of the duct, is defined. If the swirl angle 
distribution has a profile of its own, it becomes neces
sary to find an overall average value of the swirl angle. 
Schwartz defined a mass weighted average value of the 
swirl angle denoted, by ,
2.^.1. Previous Investigations of Diffussrs-Wlth Inlet 
Swirl

In 1953* Schwartz {ref. 12) Investigated the effects 
of swirl on the annular diffusers with constant outer

o ddiameters and effective angles of 8 and 16 . He found 
that regions of maximum efficiency occurred when the angle 
of inflow (swirl angle) equalled the conical angle of 
expansion and also when the flow was axial. There are 
sharp reductions in efficiency at high angles of swirl.

The effect of swirl' on the Plow Regimes and Performance 
of Equiangular, Divergent-Convergent Annular Diffuser was 
investigated by Srinath (ref. 1^). It was found that the 
diffuser performed most efficiently when the mean inlet 
swirl angle was close to the total expansion angle of the 
diffuser. Swirl removed stall completely from the outer
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wall and transitory stall set in almost immediately on 
the inner wall. At higher swirl angles, there was great 
reduction in the efficiency of the diffuser.
2.5.0. Alms of Present Investigation

In view of the need for a better understanding of 
the effect of swirl on annular diffuser performance 
and of its importance in numerous practical applications, 
the present work aims to investigate the effects of inlet 
swirl on the performance of a number of annular diffusers, 
of equal inner and outer divergent angles.
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1 0

CHAPTER 3
TEST FACILITIES AND EXPERIMENTAL PROCEDUR_E

3.1«0c Test Facilities
A schematic diagram is given in Figure (2) showing 

the letter code used in the following description of the 
test facilities. Figure (3) to (8 ) show a series of photos 
of the test facilities,

Air Supply and Flow-Calibration Pipe 
Air was supplied by a type E 9 size 7 Canadian Buffalo 

blower„B, with a rating of 2000 C.P.K,, 56.1 inches of 
water S.P.,3500 H.P.M. and 31«9 This blower was
driven by a 40 H«P.,550 volts and 3500 R,P.M,•General 
Electric induction motor. The air flow could be varied 
by a 10 inch blast plate and a damper, A, fitted at the 
intake of the blower.

The flow entered a short converging section and then 
passed into a 30 inch long cold rolled seamless steel 
pipe, C, with 5 inch O.D., This pipe served as a flow 
measuring section, A standard pitot-static probe mounted 
on a traversing mechanism was able to traverse across 
the pipe and. the air flow thus could be determined by 
knowing the velocity profiles inside the pipe.
3.1»2. Expansion Cone and Plenum Chamber

The expansion cone, D, approximately eight feet long,
•was constructed out of 1/8 inch plywood sheets. The inner 
surface was sanded and varnished to ensure a smooth surface.
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11.
"The plenum chamber, E, consists of four cylindrical

sections, 38 inches diameter, built out of‘l/l6 Inch 
1
plexiglass, supported by J/b inch plywood frames. These 
sections were joined to form a six foot long settling chamber 
which contained also a one foot honeycomb section, G, and 
three screens, H, (30x30 mesh). A fibre glass filter, F, 
was mounted at the front of the chamber. The plexiglass 
wall provides a smooth inner surface and also allows for 
flow visualization at the inlet of the swirl vane unit.

By means of a velometer the velocity profile at the 
exit of the plenum chamber was measured. The profile 
showed that a uniform flow had been achieved.
3»lo3<» Swirl Vane Unit

A swirl vane unit ( or swirl generator). I, was 
mounted in the last section of the plenum chamber. The unit 
consisted of two machined pieces of wood (axisymmetric)»the 
outer piece mounted 011 the outer tube of the annulus,the 
inner piece mounted on the inner tube and suspended In the 
chamber by a spider. The inner and outer flow contours were 
obtained after a detailed analysis to achieve the best flow 
conditions. This analysis was carried out with the help of 
United Aircraft of Canada Limited (ref, 16).

According to the analysis, presented briefly in 
Appendix C, the flow in the swirl unit Is continuously 
accelerated with minimum losses and enters the annular pass
age at the end. If inlet flow conditions are as
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12
specified in the analysis, no flow separation should occur 
at the walls.

Between the outer and inner parts of the swirl unit 
a 1.6 inch gap allows the mounting of twenty-four NACA 
0012 airfoils (3 inch chord). By means of a ring mechanism, 
all twenty-four vanes can be turned through the same angle 
and different degrees of swirl introduced into the flow.
3.1.^. Annular Pipes

Prom the swirl vane unit, the. air passed through the 
annular space between two twelve-foot aluminum pipes, J, 
the inner pipe being 5 inch O.D., the outer pipe 8 inch
I.D.. Spacers were not used to separate the annular pipes 
in order to reduce distortion of the swirl asit passed 
down the annular passage. To ensure concentricity of the 
pipes and keep vibrations to a minimum, considerable work 
was done to suspend the inner pipe firmly at one end by 
a spider located in the plenum chamber, at the other end 
by a solid-angle stand. The outer pipe was cradled firmly 
by two solid stands, which also allowed levelling of the 
outer pipe to ensure concentricity of the inner and outer 
pipes. The last foot of the outer pipe was replaced by a 
plexiglass section, K, of the same diameter. The section 
was threaded and flanged on, so that the probe attached to 
it could be rotated about the inner pipe.
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1 3

3.1.5<» fbe Test Section: The Diffuser
Prom the annular passage, the flow entered the test 

section-the annular diffuser,L. The annular diffuser, 
shown in Figure (9) consisted of two cones, total expansion 
angle of each cone being 40. The cones were machined from 
laminated pieces of basswood and were assembled out of four 
cone sections, thereby, allowing the study of four annular 
diffusers, of the same divergent angle but of different 
lengths. The lengths were chosen, to give area ratios of 
1.25, 1.50, 2.0 and 3 .0.

At the diffuser inlet, the inner diameter of the outer 
pipe was 8.0 inches and the inner pipe had an outer diameter 
of 5.0 inches, resulting in an annular height of 1*5 inches. 
The hub to tip radius ratio was 0.6., typical of turbine 
outlet annul!.

The following table gives the area ratios and the 
corresponding non-dimensional length for the diffusers 
tested.' Total Expan

= ho°
sion Angle

L/h • AR
1.60 1.25
3.13 1.50
6.35 2. 00

12.65 3. 00

TABLE 3-1

3.2.0. Experimental Procedure
The following measurements were made for each diffuser,
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the largest diffuser being analyzed first.
Each annular.diffuser was studied for five different 

swirl conditions, approximately zero swirl to a maximum
Oswirl of about 25 . For each swirl condition, pressure 

variations along the diffuser and the flow conditions at the 
inlet and the outlet of the diffuser were measured. The 
degree of swirl was set, by turning the external control 
knob, which rotated all of the twenty-four vanes simul
taneously through the same angle (O^to 4-5 ).

Initially, the airfoils were turned to a neutral 
position, allowing zero swirl or axial flow to be introduced 
into the flow. (Two inches upstream of the diffuser inlet, 
a yaw probe was inserted, and measurements were made at 
ten positions, radially across the annular gap. The probe 
also allowed measurements of static pressure and total 
pressure at these positions. It should be noted that first, 
the probe was rotated to the null direction and then swirl 
angle and pressure readings were taken.

The inlet flow conditions were measured at three
a

different radial locations 120 apart, by rotating the 
plexiglass section about the inner pipe.

The flow was adjusted for each swirl condition by 
adjustment of the damper, to ensure a constant flow rate

5of approximately 1900 cfm at a Reynold9s Number of 2x10.
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Following the inlet swirl and pressure measurements, 
the yaw probe was removed and replaced by a hot wire;probe 
to measure the inlet turbulence level. Care was taken to 
locate the hot wire at the same position as the yaw probe 
and for each position to rotate the hot wire to the same 
angle as was measured, with the yaw probe at the corres
ponding position. Once the hot wire was properly aligned 
average D.C. voltage and RMS voltage readings were recorded

Care was taken not to bring the hot wire probe too 
close to the wall, in order to reduce the chances of 
damaging the hot wire. This precaution allowed turbulrrJ 
ent measurements only at eight positions, instead of ten.

At the exit, another yaw probe was mounted and similar 
measurements'were made at ten positions? however, only one 
traverse was made. No static pressure measurements were 
made, assuming that the exit static pressure was atmos
pheric. Also, no turbulence measurements were made at the 
exit.

The pressure variations in the diffuser were noted
rby means of three rows (120 apart) of static pressure 

taps, fourteen per row, along the diffuser wall. These 
pressure taps were hooked up to a thirty-six tube sloping 
bank manometer.

In Figure (10), the stations at which measurements 
were taken are shown.
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3.3.0. Instrumentation

The inlet conditions were measured with a probe that 
contained a cobra yaw probe, a circular stainless steel ~ 
hypodermic tube (0.06 in 0. D. ) to measure total pressure 
and a similar hypodermic tube of the same outer dimensions 
with two small holes on the side to measure static pressure. 
The yaw probe was aligned for zero swirl by placing it in 
a uniform velocity field of a windtunnel. The static pressure 
and total pressure tubes were calibrated with a standard 
Kiel Probe in a windtunnel.

Outlet conditions were measured with another cobra, 
ya.w probe, whose central hyp.-odermic tube measured the 
total pressure. The probe was aligned and calibrated in 
the windtunnel. Static pressure was assumed atmospheric 
at the exit.

Thirty static pressure taps, .04-0 in. diameter, were 
drilled into the outer wall and allowed measurement of 
the static pressure rise in the diffuser.

A NPL-Type Multitube Tilting Manometer was utilized 
in making all pressure measurements.

The relative inlet turbulence was measured with a 
Disci, Consbant-Temperature Anemoneter, 55A01, using a 
Type 55A36 Miniature Hot Wire Probe. The cold resistance 
of this probe was approximately 3*^0 ohms. Calibration 
of the hot wire was done periodically in the windtunnel 
and the test apparatus itself.
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CHAPTER 4 

RESULTS AND DISCUSSION 

*K1.0. Experimental Results

Before measurements were taken, It was shown that 
the flow, for zero swirl, was fully developed. Since the 
length of the annulus was 80 times the hydraulic diameter, 
it was reasonable to assume that the flow at the diffuser 
inlet was fully developed. Also the velocity profile at 
the diffuser Inlet was compared with the velocity profiles 
of Brighton and Jones (ref. 1) for fully developed turbulent 
flow, Figure 11, showing very good agreement. It was 
observed that the inlet velocity profile could be repeated 
well and at zero swirl did not vary considerably for 
different flow rates. The last observation showed that the 
Reynold's Number effects were quite small, within the range 
of experimentation.

A-.2.0. Inlet Conditions
Inlet measurements, taken at three traverses, 120° 

apart, Indicated a good circumferential uniformity. The 
flow was, therefore, assumed to be a function of radial 
distance only (axisymmetric).
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In order to check the magnitude of three-dimensional 
effects, a three-dimensional five-hole yaw probe was 
employed and a traverse made at the diffuser inlet. The 
pressure difference in the pitch plane was small? therefore, 
the flow in the radial direction was considered to be negllg- 
.ibly small.

Inlet data and calculated results are given in Table X.

fy.2.1. Swirl and Tangential Velocity Distributions
Figure (13) shows the various inlet swirl distrib

utions at which the diffusers were tested. It is seen 
that for low and medium swirl, the swirl angle is nearly 
constant across the core of the. annulus. At higher swirl, 
the swirl angle increases tov/ard the outer wallV the slope 
of the profile increasing as the swirl angle increases.
The same trend is evident for all four diffusers.

Figure (1*0 shows the various inlet tangential vel
ocity distributions for the four diffusers,, A trend similar 
to the swirl angle distributions is evident. For low and 
medium swirl, the profiles are flat, the tangential velocity- 
being nearly constant across the core of the annulus. At 
higher swirl, the tangential velocity increases towwards 
the outer wall.

From the tangential velocity' profiles across the 
annulus, It is evident that the inlet swirl distribution 
dees not follow a free vortex pattern. This can be
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attributed to the fact that the flow is fully developed 
at the entry to the diffuser and also that the annulus 
is qitite small. Therefore, the whole flow region is 
affected by shear stresses and hence there is no non-viscous 
flow region for the free vortex pattern of swirl to develop.

At higher swirl angles, the slope of the swirl angle 
and the tangential velocity distributions increase, because 
the flow is being shifted outwards.
4.2.2. Velocity and Dynamic- Pressure Distributions

Figure (15) shows the dynamic pressure distributions 
for the four diffusers, .and Figures (16 and 17) show the 
absolute and axial velocity profiles are almost identical.
As the swirl, angle increases, the absolute velocity profile 
becomes increasingly affected by both the tangential 
velocity and the axial velocity. The figures show, however, 
that the trend of the axial velocity distribution is also 
dominant in the corresponding absolute velocity distribution. 
Both profiles show that with increasing swirl, the profile 
becomes more shewed towards the outer wall (the point of 
maximum velocity shifts toward the outer wall). This trend 
becomes even more pronounced in the dynamic pressure dis
tributions where the velocity is squared and plotted.
4.2.3 Static Pressure Distribution

The inlet static pressure distribution for the four 
diffuser studied are shown in Figure (18).
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It is seen that as the swirl increases the static 
pressure decreases, becoming more negative at the diffuser 
inlet. Note that this condition is a favorable condition, 
for it causes the diffuser to be more efficient. A decreasing 
static pressure at the inlet increases the flow rate.

The static pressure distributions show the static 
pressure to be generally constant near the inner wall and 
increasing towards the outer wall. In the outer region, 
the static pressure becomes increasingly affected by a 
combination of the boundary layer effects and the cent
rifugal forces created by the swirl flow.

As the the diffuser length increases, it Is observed 
that the inlet static pressure decreases. • This could be 
explained by the fact that the exit static pressure for 
all diffusers is equal to ambient pressure,
4.3.0. Diffuser Duct and Outlet

Outlet data and calculated results are given in 
Table II.
4.3.1. Swirl and Tangential Velocity Distributions 

Swirl angle and tangential velocity distributions
at the diffuser outlet are shovm in Figures (19 and 20).
The profiles are not as smooth as the inlet profiles? 
however, do show the same trend as ’was evident for 
high inlet swirl;the swirl angle Increasing towards 
the outer wall. For all swirl conditions, the mass- 
weighted swirl angle decreases from the diffuser inlet
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to the diffuser outlet.
For low and medium swirl the reduction in mean swirl 

.angle.from inlet to the outlet* is accompanied by a change 
in distribution from a relatively uniform rotation in the 
inlet to a non-uniform gradient with maximum swirl angle 
at the outer wall at the exit.

The tangential velocity distributions show the tang
ential velocity to be constant across the core of the an
nulus for all swirl conditions.
^.3.2. Velocity and Pressure Distributions

Dynamic pressure and velocity distributions for the 
diffuser outlet are presented in Figures (21,22, and 23).
The distributions for the dynamic pressure, absolute velocity 
and axial velocity show similar trends, greater skewness 
towards the outer wall as the swirl angle increases. The 
outward'shift is more pronounced at the diffuser exit.
For low swirl, the maximum velocity is near the inner 
wall; and at high swirl, it has shifted considerably towards 
the outer wall. Comparison of the curves of the dynamic 
pressure at the diffuser inlet to that at the outlet, shows 
the curves to be steeper at the exit, having a more pro
nounced maximum point. The diffuser magnifies any dis
tortion of the flow parameters. This amplification is due 
to the diffusing action which occurs.

With increasing swirl, the absolute velocity dis
tribution changes significantly; static pressure and
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flow-angle distributions on the contrary were essentially 
constant fron inlet to exit of the diffuser.
^.3.3. Static Pressure Rise in Diffuser

The static pressure distribution along the diffuser 
length is shown in figure (2h) for the four annular diffuser 

. investigated. It is seen that as the diffuser length in
creases the static pressure rise increases accordingly.
Swirl appears to have no appreciable effect on the dis
tributions.
h.h.O. Effect of Turbulence

Kline (ref.?) his associates have done extensive
investigations on plane walled diffusers and they concluded
that for r.lach number less than unity and for Reynold *s

sNumber greater than 5^10 f the most important iilet con
ditions affecting performance are inlet velocity profile 
and turbulence level. Other researchers have also mentioned 
turbulence as a prime influence on diffuser performance.

In turbomachines, the boundary layer builds up and 
often occupies a considerable portion of the annular space 
of the flow. In swirl flow, because of the tangential 
mean velocity, neither the turbulence level nor the radial 
pressure variation need be small in the boundary layer.

Yeh (ref. 1?) investigated the development of in
compressible turbulent boundary layers along concave and 
convex stationary annular walls, analytically and exper
imentally for a swirling flow. He concluded that large-- 
scale turbulence eddies "roam" radially bach and forth
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in the outer half of the annular passage? while* such 
motion is very much reduced in the inner half. The strong 
radial turbulent motion near the outer wall pulls the im
mediate adjacent mean velocity taut, creating a larger 
velocity gradient and shear stress at the outer wall.

For flow with swirl, the boundary layer near the 
inner wall is very much like the one for flow with no swirl- 
approaching the equilibrium profile for fully-developed 
turbulent flow without swirl. For the outer wall region, 
the boundary layer departs much more than for flow v/ith 
no swirl. The turbulence intensity is generally larger 
near the outer wall. This is shown to be true for the 
results found in the present investigation,as shown in 
Figure (15)• The transverse component of turbulence in
tensity is produced near the outer or concave wall (where 
the tangential velocity decreases with radius) but is sup
pressed near the inner or convex wall (where the tangential 
velocity increases with radius), resulting in a larger 
intensity near the outer wall.

At the inlet to the annular pipes, the swirl generator 
sets up a swirling flow; that is, flow with both tangential 
and axial mean velocities. The turbulence present in the 
flow decays the turbulent swirl in the flow and also evens 
out the velocity profile. Kreith and Sonju (ref, 8 ) observed 
that swirl in a turbulent pipe flow decays to about 10-20$ 
of its initial value in a distance of about 50 pipe diameters 
In the present investigation it was found that a swirl of
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, a45 set up by the swirl generator at the inlet of the annulus,

* jdecayed to 26 at the diffuser inlet and to 18 at the diffuser 
exit. This trend was true for all swirl conditions.
4.5.0. Discussion of Performance Parameters

The performance of the four annular diffusers and 
the effect of inlet swirl oh the performance was determined 
by plotting the parameters— the diffuser effectiveness and 
the pressure recovery factor. The plots were also compared 
to the findings of other researchers.
4.5*1. Pressure Recovery Factor

For the four diffusers, the pressure recovery factor 
was plotted against the non-dimensional length for different 
inlet swirl conditions, shown in Figure (26). In order to 
find an optium swirl angle, if possible, the pressure 
recovery factor was plotted against mass weighted average 
swirl angle , Figure (27), for each diffuser.

The plots show that the introduction of a certain 
amount of swirl into the flow has an effect on the performance 
of the diffuser.

In the plot of CPR versus the non-dimensional diffuser 
length, the curves are approximately parallel; to the curve 
for zero swirl, indicating that the general trend of the 
CPR variation with the non-dimensional length is not 
affected by the swirl. The pressure recovery factor in
creases as the diffuser length increases and levels off
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at higher values of non-dimensional diffuser length.
Srlnath who investigated an equiangular divergent 

convergent annular diffuser, found that the curves of 
constant swirl angle levelled off and then decreased at 
higher non-dimensional diffuser lengths,Figure (2^).
The curves of the Cpp versus L/h plot were also quite flat, 
compared to the ones of this investigation.

Sovran and Klomp conducted an extensive investigation 
of a wide variety of annular•diffuser configurations, for 
flow with no inlet swirl. The geometric characteristics w- 
ere specified by four parameters-the two wall angles, the 
inlet radius ratio and a non-dimensional length. From 
their results, several types of diffusers wre chosen, 
and a plot of pressure recovery factor versus area ratio 
was.', made, shown in Figure (28).

Each curve in this plot represents a set of diffusers 
of the same wall angle but of different lengths. The 
particular type of annular diffuser is identified by its 
outer wall angle (which has a positive value if the cone 
is diverging, negative if the cone is converging), the 
inner wall angle, the inlet radius ratio and the non 
dimensional diffuser length. For comparison, the four 
diffusers of the present investigation have also been 
plotted, Note that the identification expression for 
this set of diffusers is 20", 20‘, 0.6 , (1,2 5 ,1,50,2 .00,3.00).
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Two sets of diffusers studied by Sovran and Klomp,
(3 0 °, 29i°,0 .?, L/h and 15 , 15 , 0.7 ,L/h) have a 
geometry similar to those of the present investigation 
and show a similar performance trend. Results of the current 
investigation, for the case of flow with no swirl, are 
supported strongly by the results of Sovran and Klomp.

Referring to Figure (28) again, it is observed that 
if the outer wall angle is left at 20 , as the inner wall 
angle becomes less divergent, the pressure recovery factor 
for a constant value of area ratio decreases. The profile 
of pressure recovery factor vers vis area ratio, tends to 
become flater*

Sovran and Klomp unfortunately did not include any 
results for a set of diffusers, which had a diverging 
outer cone and a converging inner cone. The trend of 
Figure (26) and the results obtained by Srinath predicts 
that such a set would have had a flat profile.

In the second performance plot Figure (27) pressure 
recovery factor is plotted against mass-weighted swirl 
angle for constant diffuser length. For the largest 
diffuser, swirl apparently has no effect on the pressure 
recovery factor, for smaller diffuser lengths, however, 
the inlet swirl has a small effect on the pressure re
covery factor. When a small amount of swirl is introduced 
into the flow, the pressure recovery factor decreases, and 
as more swirl is added, the pressure recovery fa.ctor slowly 
increases. For the two shorter diffuser lengths the
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Increased swirl produces pressure recovery factors greater 
than for no-swirl flow. The diffuser with non-dimensional 
diffuser length equal to 6.35 (Diffuser B) shows the same,, 
trend.

The point of minimum pressure recovery factor shifts 
to a higher swirl angle as the non-diminsional diffuser 
lengths Increases, The curves of CpR versus ij,' flatten 
out as the.diffuser length increases.

In general, an increase in swirl angle causes sharp 
radial pressure gradients to develope which will cause 
better mixring of the outer wall boundary layer with fluid 
having higher kinetic energy. This delays or even'..-washes 
off completely the stall or flow separation fromnthe outer 
wall. The divergence of the flow is thus brought closer 
to an ideal flow process. The pressure recovery therefore 
tends to increase.

The profiles, Figure (30), obtained by Srinath for Cps 
versus l|7 for the equiangular divergent-convergent annular 
diffuser show an opposite trend. When swirl Is introduced 
into the flow, the pressure recovery increases to a max
imum value and then further increase in swirl decreases it, 
Srinath concluded that any increase In inlet swirl beyond 
the optimum, value will bring down the diffuser performance.

The geometry of the present annular diffuser; that is 
the divergence of the inner cone, favors also the diverg
ence of the flow. In the diffuser studied by Srinath, 
the converging inner cone, allowed early flow separation
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on the inner wall* especially at higher 'swirl angles. Here, 
the radial pressure gradients also leads to an adverse 
condition resulting from the centripetal, flow of low 
energy air which in turn causes separation of the flow 
on the inner wall. This separation of flow on the inner 
wall causes considerable losses especially intthe exit 
portions of the diffuser. 
fr.5.2. Diffuser Effectiveness

Two additional plots have been included in the per
formance plots, to show the distribution of the diffuser 
effectiveness, which has been redefined for the case of 
flow with inlet swirl. These plots are shown in Figures 
(31 and 32). The effect of inlet swirl is evident in both 
plots.

First consider the plot of diffuser effectiveness 
versus non-dimensional diffuser length. For low swirl, 
the trend is similar to that shown in the plot of pressure 
recovery factor versus non-dimensional' diffuser length. As 
the diffuser length increases the diffuser effectiveness 
increases and tends to flatten out.

For higher swirl, it appears that as the diffuser 
length increases the diffuser effectiveness decreases 
sharply, reaches a minimum and then with further increase 
the effectiveness increases again. The effect of the inlet 
swirl becomes more pronounced in the plot of diffuser ef
fectiveness versus mass-weighted inlet sv/irl angle for con
stant non-dimensional diffuser length.
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For the largest diffuser, the diffuser effectiveness 
remains constant, swirl having no effect. For the other 
three diffusers, the presence of some swirl decreased the 
diffuser effectiveness and reached a minimum value. As 
the inlet swirl was further increased the effectiveness als 
increased, the increase being more rapid as the diffuser 
became shorter.
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CHAPTER 5

CONCLUSIONS

1. The Pressure Recovery Factor, Cpr * increases with dTfuser 
length, L/h, and tends to flatten out at higher values
of diffuser length,

*

2. For a given Equiangular Divergent Annular Diffuser,
CpR initially decreases with swirl, ^  , and then
increases,

3. The effect of swirl on Diffuser Effectiveness is similar
to its effect on CpR, However, the swirl effect on
Diffuser Effectiveness, f? , is more pronounced for 
shorter diffuser lengths.

Equiangular Divergent Annular Diffusers perform better 
than'Equiangular Divergent-Convergent Annular Diffusers,- 
the diffuser effectiveness of the Divergent Annular 
Diffuser being considerably higher at increased inlet 
swirl.
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APPENDIX B.

DIFFUSER EFFECTIVENESS

The diffuser effectiveness is defined as the ratio of 
the actual pressure recovery factor to the ideal pressure 
recovery factor. C 3-0

The actual pressure recovery factor is defined as the 
ratio of the mass weighted static pressure rise from the 
inlet to the diffuser outlet to the average dynamic 
pressure at the inlet.

=  § ,  -

T4-'̂
t h y n (

STATIC PRESSURE RISE 
DYNAMIC HEAD AT INLET

In the present study, the ideal pressure recovery factor 
has been defined on three assumptions. First, the flow is 
considered to be a free vortex. The streamlines in a free 
vortex flow are concentric circles about the center of the 
vortex and the velocity at any point in such a flow field 
is given by the following two components.

1C =  (b-s)
1C =  o
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The free vortex motion is irrotational except at the centre, 
v/her V^ approachs infinity. Secondly, the flow is in radial 
equilibrium and, thirdly, there are no losses. Then from 
continuity

/9 // = /} !/ )
t £lt *

from Bernoulli

_jS s +-j l i 6 * = C -  Cs-s*)
r  &  ~7r &  ~

from Free Vortex Condition

n  16, - n  16, 6 & - & )

The absolute velocity can easily be written in terras of 
its components: the axial velocity and the tangential
velocity. The axial velocity is independent of radius; 
(assuming uniform flow)* the tangential velocity is dependent 
on radius. Therefore,

V * -  + K-fr)s C * ' 7>

Equat i on .fT-vTbe c omes,

P , M  + J  ('>/„ i£.fr?) s i)/r) ^
' / — --- r  ' ^  **X +

y* £  y  x.
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Rewritting,
%<>■)-/&-) =  1  ( 3 - 9 )

y  ? L ~  . J
/>?-. <9)

2
~ J~
2. i

, f . r. )/ &/h)Y/- J4-- M s'Sl fs-io)

> l  2 t J  ■' (  m y .

'% V /  - '

Prom Equat ion t &  ~2 j-

At
V?

a.

From Equation (3~&) 

t/jL (4~) ~* JU 
2 j —

‘ c‘,
ej.V

Substituting these values into Equation {Q-IO} 
F%(r) - p (r) = J. f '(,*/'/- / ; ' ■  J . S  (C. fi-jY’- r! e ) f

  el '/ ft*J I 7Z*l]/> c  ( ' 4 ' V
The mass-weighted and non dimensional form of Equation 
//) is -/ffr) - f f  14, I- /?* l+/izArJj'//- £tm )?

1 W ~  W / ( k  A  ' n„fj) l" -
where rtnt n..m  'art meet# r-e*cfSi\

From the typical velocity triangle
shown in Figure, v/here is defined
as a swirl angle, it is readily
shown that

( £ ’/3)Va=Vcos
V-k=Vsin
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J t n

Substituting these rallies into Equation (B-/£)
Hc'r) - c&s? {/ - Q "  \ ± sirf ipt.f / - rfm * \ ( B-JS'}
j. /7>r i fi * J  ( Ir ~ J  ~2 f  * V  " li* £ r ? f  s

Equation B-/iTIs the final expression for the id sal 
■pressure recovery factor, based on the condition of a 
free vortex flow. The expression differs considerably 
from the one for ideal one~dlinensional flow, because 
it is not expressed wholly in teres of the diffuser 
aeon ©try, but also contains the mas s -we igthed inlet swirl 
angle. However- at saro-svirl, the expression reduces 
to the expression for ideal one-dimensional flow.

yg fr) - /J/r) _ / „ j_- f3  ~/6>J
M  s\lVv /rVc s£ ~ " f

In order to be able to apply the expression, an 
expression has to be found for the roan radii, r^, and

Consider the variation in the racial direction, in 
a typical crocs-s
From Bernoulli,

F>fr) j ! l/Z _ _ ^  r  /”)  -r vr - ?( — 1—  t J
r  £

From v.dii ch 5
PTr) * c / -  | r

= c m  - £  O r  / p r o s)  fs-/s)

! / — /,y x  .-/c> i.O- x ~ .-'U ( -~J ' -/
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APPENDIX C 
DESIGN OF THE SWIRL GENERATOR

The swirl in the annulus is created by a set of 
vanes arranged radially at the inlet to the annulus.
The vanes have an NACA 0012 cross-section and a three 
inch chord. The angle of the airfoils to the incoming 
flow may be varied from 0 degrees (no swirl) to f̂-5 
degrees, The vane arrangement and the inlet contours 
are shown in the figure on the next page. This type 
of arrangement introduces a vortex, similar to a free 
vortex, into the entering flow.

The vanes have a maximum tip diameter of twenty- 
four inches.

In order to establish a well behaved swirl or 
vortex, it was necessary to design a flow contour block 
The incoming flow must be continuously accelerated up 
to the annulus velocity in order to-avoid separation 
and consquent disruption of the swirl.

An analysis was carried out arid was subsequently 
modified by United Aircraft of Canada Limited.
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VANES

PLOW CONTOURS

A

FIGURE C-l SWIRL VANE UNIT

DESIGN ANALYSIS
The Schneider Analysis

—*4 B
A

Design Conditions: Using geometric 
conditions required for 
the annulus.

(a) hub radius (r^HUB)^ 2 .5"
(b) tip radius (r1TIP)= 4.0“
(c) mass flov; rate (Q) =186? cfnr

r2TIP

r- HUB

FIGURE C-2 FLOW CONTOURS
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the continuity equation 0-.VA 4 6

v t s ' d . i  n -IP,6 ? = 
g o

I/- /S6 7 y. /S/St

C - \

/SG ■P-t/ecc.

( c - n

(c -3)
G O  x  3 0 . - /

the velocity at the exit piano is to he 146.0 ft/sic 
From these conditions and supposing a n  inlet 

rad ins (r?TI?) of 11" the angular momentum and 
continuity equations are usee to find the inlet- opening
T* ‘*7,M

7~ = f Q  Crz,!■) cos**? ~ rf !/f cos^, )

":n pro becomes sere as in oascaees where there are no

with
o f  _ — oO. s? 02? 
' /

^  !4  - n  %

«c
/>

vanes.

. ?*Q /d, 1/ cos =  Z*O rf ’/[ cos c</

S  0 4  //■ T " / ; / 3 <7:■■/?}-■; 4} f ? J

( c ~  S')
oustant, which is free vortex notion 

with the tangential component of velocity varying 

inversely with radius.

r p v .  n ru 
i i i l o

"led;inthe ;.v an value x o r  i  n

IP - 3',35~ * /tn> x/s/frtx/2) ~ S/S. fr/src

- /h>‘-7 >■ A/'-''' ~  G: 7 7 'r~ (c~G)
7?

•Y»V ^  r-V, -
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computer without any changes. The program used was
UACL-D1118 * MULTIPLE PLANE COMPLETE- RADIAL EQUILIBRIUM.

From the program output the velocity and pressure
0distributions were plotted versus sweep angle 0 for 

various planes as seen on profile (1), Figure (12A).The 
velocity distribution, for 0° swirl, Figure (12B), shows a 
fairly smooth acceleration along the'tip contour which 
by itself would be acceptable. The hub velocity, on the
other hand shows a peak at plane U- and a sharp drop at
plane 5. This drop is accompanied by a sharp increase in 
static pressure at plane 5 as seen in Figure (12C). The 
increase In static pressure is due mostly to the high 
curvature change from plane ^ to 5 ( increase in curvature) 
hence the velocity in this region is lower (decreased). 

Although the acceleration along the tip contour is 
smooth, the diffusion factor, defined as

Dtip= 1-..Velocity out ( ,Velocity max ' ' 1

has a value of 0.0232.
This in itself is far from critical but in view of 

the flow conditions at the hub there is a possibility of 
flow distortion in the exit portion of the duct.

In the case of 4-5° swirl at the Inlet, with the 
same profile, the flow conditions are greatly improved.
As can be seen from Figure (12D), the velocity along both 
walls increases smoothly and the hump on the duct hub contour
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velocity curve disappears resulting in much improved flow 
conditions.
The Modified Analysis by United Aircraft Limited

The ana.lysis in this case considers the same flow 
parameters and geometric conditions as in the Schneider 
analysis but differs in the duct profile. It was felt 
that the Schneider profile did not turn the flow early- 
enough upstream but rather turned very late, as shown by 
the high curvatures at planes ^ and 5«

A comparison of the UACL profile, Profile 2, Figure 
(12F), and Profile 1, Figure (12A), show earlier turning 
In Profile 2 resulting in a continuous acceleration through
out the entire length of the duct. The advantage of early 
turning of the flow is that if any imperfections in the 
contours occur in a region of high curvature,, the flow 
will feel .these effects'much more than in a region where 
curvatures are low. Therefore, with early turning, the 
flow can use the rest of the duct to stabalize Itself, 
whereas when the flow is turned in the late stages there 
is no time for stabaiization, Again this analysis was 
done for both 0° and A5° swirl angles at the inlet.
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APPENDIX D 
ERR OH ANALYSIS

^9

Accuracy of Measurements
The multitube tilting manometer used in the present 

investigation had a reading accuracy of 0.10 inches of 
water, and the radial position of the probe could be read 
to an accuracy of 0.01 inch. From wind tunnel calibration 
tests, using the test probe and a standard pitot static 
probe calibration curves were obtained for the static pres
sure and total pressure readings taken with the two probes.

Due to some inevitable fluctuations of the manometer 
readings, it was sometimes necessary to select an average 
reading. Secondly the manometer had sometimes slow response 
to the applied pressures. Care was taken to wait for some 
time before taking the readings. The static pressure tube 
was susceptible to greater error as non-alignment with the 
flow could cause greater error. It was more sensitive to 
non- alignment than the total pressure tube. It was estim
ated that the accuracy of the total pressure measurements 
was + 0.20”H20 and that of the static pressure measure
ments was + 0.30"H20.

The error in the pressure recovery factor is analyzed 
below by incorporating the Uncertainity Analysis Standard 
Equation:
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where R Is a given function of the independent

variable x^, x2 » ----- xn
Wg is the uncertainity in the result
Wj, w2 ,  wn are the uncertainitles

in the independent variables.
Equation for the Pressure Recovery Factors

P £ > y r> , ^ T i ~  P S f

Since Ps2 was assumed to be equal to the ambient pressure,
/=%a

Therefore, ^  ^ ~ 3 )

*7 s *
Then, applying the General Equation for the Uncertainity 
Analysis,

“ t f j * r° - * >

Upon differentiations

°/ 1

=
=</=5-. 't

pr; -/S>

f - - & J —  )=■ - ps, f o - & )t- -̂c. J  f  ̂ ->% )
As an example, consider Diffuser A at maximum swirl cond
ition: P = -6.017” H20, Ps2= 0, and PT1= 2.4-33" H20. Then

<=*£ — '1 7 **2  -  - - - - - - ^ — ‘ w  — t *  ... - — , -  — *
o( J=> ffe -V-SSY. 707) C*7Y.73?)j  S- V

C {-6 .0/ 7X 707)______ ^_ ^  J J  1 .  y  y  f  ^

Y^^rjy33Y,7c>7jY^.^/7Y707jJ 62), S
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And the Uncertainity Values are*
51

u r ^ s = t  - £ •  2o "
US’- = £  ./& ±  . /o =  ±  . g o  "

The error in the Pressure Recovery Factor is

U C  - ■//! x .30 -4-.pt.
U  J  ( si,.* y J

-  %
From windtunnel calibration tests it was found that the 
accuracy of the yaw probes was approximately - 2.0°.

A similar error analysis was carried out for the
axial velocity. , . - * \

14 = l/ecs «  , ( & - 7 J
=  /  ter-Pxr)(f/A  -Ay?cas<*.

- C & r - P s ^ c & s  '^
where PT and Ps were measured in inches of

water in a manometer.
Applying the Uncertainity Analysis, one obtains

“ fe
where

< ± J C  „ *  f / > - ? )

^  ' mm£ .

*  K  = ~y0  ccs od _/ //p. - Ss)~£  ^ °  ~/£>̂

*  j.
„ - 7 0  - % )  s  S//?c< f o - v )

c4 «X
Considering again Diffuser A at maximum swirl condition 
it is found that
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“  "  '  j  <*/£- ’ J ^

And the Uncertain!ty Values are
- ±  .so *

* % .  =■ t  - 3 0 "

e«u * ± e m

The error in the Axial Velocity is
Cxr:, _ j/~/£.Sx~3&\^.f/£.S x*<2&'/y „ ̂ - S & . S  x 

s  &  £  %
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APPENDIX-E 

MASS-WEIGHTED AVERAGES

The mass weighted average Q is defined as

r fV r'—  I I Q  d m  . .
Q  = Jo Jr:___________

J J-'a J r. • »

c/rn

where Q could be£,£oryV and m is the mass flow across any 
section,,

? ( V Q ) d A
. q  r _ f --------------- (e-e)

(  /  V d R

For incompressible and axisymmetric flow
t

V Q  rcir

' r 'c ,

C.V-
/ -  s  ".

I ■ -
(F-3)

j J  r c h w h e r e  J  & rr:e re/ec/ry
Jr. ' in H jc axvb/c///rti'&n** £>

From the measured value of /E f H  and (?J , the mass weighted
averages were obtained by a step by step numerical integration.
A computer program was prepared to carry out this integration.
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INLET TURBULENCE DATA

DIFFUSER A L/H 12-GST COLD RESISTANCE OF
FLOW TEMPERATURE //a a/=r . HOT WIRE* OHMS
ROOM TEMPERATURE S/.S0̂
BAROMETRIC PRESSURE 29.&B *//n 
MASS WEIGHTED SWIRL ANGLE /.<??£ d

DISTANCE 
FROM: INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
:-AL.UV OLTS

0.230 9.400 o; 2500.450 9.550 0; 160
0; 610 9.600 •o.130
0.760 9; 650 0 M O 50.910 9.650 Oj 085
1-050 9.650 • 0 ,■ 095? 1-1B0 9.-550 o. 136

j L' 310 
.. ... -.. . .... ...... .

9.450 0.183

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES
PERCENTAGE TURBULSNCE

0. 2 80 15- R1.4
0. 450 9. 8130.'6l0 7. 393
0,760 6 . 312
0/9 3 0 5.110
1 . 0 50 5.'71 1
1/1 «0 8. 343
1. 310 
________

11.456
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INLET TURBULENCE DATA

DIFFUSER /? > L/H ZP.^5- COLD RESISTANCE OF
FLOW TEMPERATURE //0.o°/=" • HOT WIRE OHMS
ROOr/? TFVT>FRATUR,3 £’£.0°/r 
BAROMETRIC PRESSURE <29.0,0 *
MASS WEIGHTED SWIRL ANGIE a

DT STANCE 
PROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
KiuUVOLTS

0,280 9.600 0.172
0,950 .9,650 0. 1.99
CL 6:10 9,700 0117
0 7  o 0 9.750 0. 09?
0, 910 9.750 0.090
1, 050 0» 7 50 0,1 OQ
1. 180 9.650 0. 137
1. 310 9,550 0.-197

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES
PERCENTAGE TURRULENCB

. 0.280 10.T93
0,9-50 8.6570.610 6 . 965
0 . ?6o 5. 719
0, 91.0 5, 206
1. . 0 50 6.936
1. 1.80 8. 2 76
1.310 12.082
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INLET TURBULENCE DATA

COLD RESISTANCE OF 
HOT WIRE" 3”. -££> OHMS

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0.280 9. 500 0.183 1
0*1+50 9.600 0.135
0.610 Q.650 0. 1.10
0.'?6 0 9.700 0. 098
0.-910 9.700 0.1.10
1. 050 9.670 0.127

1 1.-180 9.650 011,651. 310 9.550 0.280

RELA TIVE TURBULENCE

DISTANCE 
FROM TNNRp SIIRT*'-̂ E 

INCHES ' ... PERCENT AGE TURBUIBNCE
|

0.280 11.3 3 80 7+50 8. 1970.610 6.-613
0.76 0 5. 8360.010 6 . 568
1. 0 60 7.6051. 180 0.910
1. 310 1?. 1.72

DIFFUSER i L/H //?•£>&'
FLOW TEMPERATURE J/o.o 7=^
ROOM TEMPERATURE &&.# "pr 
BAROMETRIC PRESSURE £9.6,2 "/f9 
MASS WEIGHTED SWIRL ANGLE JO. 2 6 7  a
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INLET TURBULENCE DA.TA

DIFFUSER /9 ,L/H COLD RESISTANCE OF
FLOW TEMPERATURE /to.O ' HOT WIRE= zz.&o OHMS
ROOM TEMPERATURE c9.zf.oV"
BAROMETRIC PRESSURE £9.62
MASS WEIGHTED SWIRL ANGLE /sf&OO 6

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0.280 9.750 0.145
0.450 9.850 0.103
0.610 9.850 o« 000
0.760 9. 850 0. 0870.910 9. 850 0.1051. 050 9. 850 0. 122
1. 180 9, 800 0. 162
1,310 9.750 0.260

RE LATIVE TUB BULENC E

DISTANCE 
FROM INNER SURFACE 

INCHES PERCENTAGE TUBBULENCS

0,280 8. 549
0. 450 6.247
0.610 5.206
0.760 5. 032
0. 910 6.074
1,050 7.0 57
1.180 9-460
1. 310 15.329 ’if
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INLET. TURBULENCE DATA

DIFFUSER 6) , L/H /a.£S COLD RESISTANCE OF
FLOW TEMPERATURE U.O-a 0/=- HOT WIRE= Z.&o OHMS
ROOM TEMPERATURE S£.o °/r 
BAROMETRIC PRESSURE -P v. A,A "
MASS WEIGHTED SWIRL ANGLE &&.& °

DISTANCE 
FROM INNER SURFACE 

INCHES

r  ■ ■ — ■

i DC VOLTAGE
VOLTS

RMS VOLTAGE 
MILLIVOLTS

0.280 
0. 450 
0.610 
0. 760 
0.910 
1.050 
1.180 
1,310 

.............

9.750
9.850
9.850 
9. 900 
9. 900 9.900 
9. 850 
9, 800

0. 168 
0. 121 
0.105 
0. 098 
0, 112 
0.125 
0.155 
0.255

RELATIVE TURBULENCE-

! DISTANCE 
1 PROM INNER SURFACE 
| INCHES

PSRC SUTAGE TUR BU LENC E

0. 280 9. 9050.450 6. 999; 0,610 6.074-
I 0.760 5. 616
i 0.910 6.418
[ 1.050 7.163
;• 1.180 8. 966

1.310
I

14.891
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INLET TURBULENCE DATA

DIFFUSER B  , L/H O-.BS' COLD RESISTANCE OF
FLOW TEMPERATURE HOT WIBE= ~3.~5i2 OHMS'
ROOM TEMPERATURE BC.O**
BAROMETRIC PRESSURE £9-ZO *//f 
MASS WEIGHTED SWIRL ANGLE /.’£T&£ *

DISTANCE 
FROM. INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

1
0.280 9.750 0.1A50.9-50 9 . 800 0.108
0.610 9.850 • 06 084
0.760 9 . 820 0.099-
0.910 9 . 800' 0.122
1.050 | 9.720 . 0.1551.180 9- 650 0, 250
1.310 9.600 0.255

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFA.CE 

INCHES PERCENTAC-S TURBIJLSNCE

0,280 8. <99
O.A50 6. 307
0.610 9-. 9750.760 5. A68O.9IO 7.129-
1.050 • 9.1911.180 15.029
1. 330 15.9-83
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I N L  E T l: XPEP I MENTAL DATA
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INLET TURBULENCE DATA

DIFFUSER &  , L/H «£.,33r COLD RESISTANCE OP
FLOW TEMPERATURE '//O.o*- HOT WIRE= S'. OHMS
ROOM TEMPERATURE s'g.c*/^
BAROMETRIC PRESSURE ~fs-3 "//$ a 
MASS WEIGHTED SWTBL ANGLE ~5*. J£TSS

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE

Volts
RMS VOLTAGE 
MILLIVOLTS

0.280 9.750 0. 128
0. 550 9.750 0.090
0.610 9.800 0. 098
0. ?60 9.7 50 0. 12?
0. 910 9.700 O.152
1. 050 9.650 0.177
1.190 9. 550 o. 275
1. 310 9. 500 0.280

RELATIVE TURBULENCE"

'• - ” .... - -- -DISTANCE
FROM INNER SURFACE PERCENTAGE TURBUL3NCE

INCHES

0. 280 7. 566
0. 550 5.206.
0.610 5.722
0.760 ! 7.9-8?
0.910 | 
1.050 

| 1.180
9. 09910.651

16.866
[ 1.310
! " f! i t- - - ... -.... -. .

17.71?
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INLET TURBULENCE DATA

DIFFUSER B  , L/H 6c-3ST 
FLOW TEMPERATURE UiJ.c 
ROOM TEMPERATURE S6-X>ae- 
BAROMETRIC PRESSURE B ?,*'/■ "//«
MASS WEIGHTED SWIRL ANGLE °

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE

VOLTS

COLD RESISTANCE OF 
HOT WIRE-- OHMS

RMS VOLTAGE 
MILLIVOLTS

0* 280 9.750 I 0,165
0. ̂ 50 9.850 ! 0.125
0.610 9.870 1 0. 098
0.760 9.870 i Oe 09^
0.910 9.870 i 0,106
1. 050 9.850 ! 0.135
1.180 9.820 | 0.170
1.310 9.750 ! Oc 260

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFAC! 

INCHES
P ERC EM TAGS TUR BULENCE

0, 280 
o, ̂ 50 
0.610
0. ?6o
01910
1. 050 
1. 180 
l. 310

9. 728 
7.231 
5. 6^3
5.^1?
6. 109
7. 809 
9. 889

15.329
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INLET TURBULENCE DATA

DIFFUSER 3  , L/H :
FLOW TEMPERATURE //V.D 4: 
ROOM TEMPERATURE 6%-F. ‘
BAROMETRIC PRESSURE DMA A 
MASS WEIGHTED SWIRL ANGLI

/■' / Ss~;s>
* 'jr

COLD RESISTANCE OF 
HOT WIRS=.T.^* OHMS'

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0.280 9. 850 0.146
0.450 9.9 50 0.110
0.610 9.970 • 0.094
0.?60 9.970 0.100
0.910 9.950 0.1171. 050 9.02 0 ■ 0.142
1.180 9.900 0.1751.310 9.850 0.250

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES
PERCENTAGE TURBULENCE

0. 280 8. 4450. 450 6.2 lx6
0.610 5. 318
0.760 ,5.6570.910 6.643
1. 050 ’ 8.107
1. 180 10.029
1. 310 14.461
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INLET TURBULENCE DATA

L/H L -A-"DIFFUSER 3  
FLOW TEMPERATURE 
ROOM TEMPERATURE 
BAROMETRIC PRESSURE 5-L
MASS WEIGHTED SWIRL ANGLE AT'

i j  j -

COLD RESISTANCE OF
HOT VJIRB- OHMS

DISTANCE 
LINNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0.280 9.900 0. 148
0.450 9. 9?0 0.108
0.610 10.000 0.096
0.760 10.000 0. 098
0.910 9.970 0.1651.050 9*950 0.1251. 180 9,950 0.1^-81. 310 9. 900 0.235

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES

7 ------- -... 1

PERCENTAGE TUEBULENCE

0.280 8. 4-810.050 6.110 .
0.610 6. 401

I 0.760 ‘ 5.5l40. Qi.O 5. 9;-0
1.050 7.0971.180 8.4031. 310 13.46?
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INLET TURBULENCE DATA

DIFFUSER C  , L/H 3-/3 ' COLD RESISTANCE OF
FLOW TEMPERATURE lCa.a<T/=- HOT WIRE= 3-33 OHMS
ROOM TEMPERATURE */=-
BA.HOMETRIC PRESSURE ,fT C-P 
MASS WEIGHTED SWIRL ANGLE 4'.

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE VOLTS RMS VOLTAGE 

MILLIVOLTS

0.280 9.800 0.128
0.^50 9.850 0.0910.610 9.850 0.08?0.760 9.860 0.110
0.910 9.800 0e 132
1 .0 60 9*700 0.1671.180 9.600 0.2551.310 9-500 0.260

RELATIVS TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES PERCENTAGE TURBULENCE

0.2 80
.

7, ApA
O.LSO 5.26T
0.610 5. 0320.760 6. 3630. 910 7.708
1. 0 0 9. 9T21.1 80 15.083
I. 310 16.109
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INLET TURBULENCE DATA

DIFFUSER C , L/H 3-/3 COLD RESISTANCE OF
FLOW TEMPERATURE /o A . O Lc." 'HOT WIRE= ar. 5-V OHMS
ROOM TEMPERATURE Q
BAROMETRIC PRESSURE JS9.S/
MASS WEIGHTED SWIRL ANGLE '31 Q

DISTANCE 
FROM. INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0.280 9.650 0.168
0.450 9.700 0.115
0.610 9.750 0. 086
0.760 9.750 Qo 092
0.010 9.720 0e 117
i.o<o 9.700 0.i40
1.180 9.650 0.172
1.310 9.600 0.198 •

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES
PERCBN T’AOE TURBULENCE

0.280 10.100
0. 450 6, 846
0. 610 5. 070
0.760 5.4?>
0. PI 0 6.938
1.050 8. 339
1.180 10.390
1.310 12.022

'
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INLET TURBULENCE DATA

DIFFUSER C  , L/H 3-/3 COLD RESISTANCE OF
FLOW TEMPERATURE /GS/..0 *,zr .HOT WIRE= 33-1/- OHMS
ROOM TEMPERATURE 33- -C 
BAROMETRIC PRESSURE
MASS WEIGHTED SWIRL ANGLE *

d i s t a n c e;
FROM INNER SURFACE 

INCHES
• DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0,280 9.600 0.1750,450 9.700 0,1350.610 9.750 o, 1.050,760 9.770 0. 090
0. 910 9.780 0,1051.050 9.750 0.1251.180 9.700 0,162
1,310 |... _J 9,650 0,245 '

RE LA TIVE TUR BU LE N C E

DISTANCE
FROM INNER SURFACE PER CENTA GS TURBULENCE

INCHES •

0.280 10,625
0.450 8. 0320.610 6.1900,760 5.286
0.910 6.165 i1, 050 7-370 11.1 8 0 9 . 6 4 4  ;
1, 310

I
14.729 j

1
- .................. - .................. !
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INLET TURBULENCE DATA

DIFFUSER C  , L/H 3-/3 COLD RESISTANCE OF
FLOW TEMPERATURE J G 3 - . C -  'I-'" . HOT WIRE=
ROOM TEMPERATURE TS/.O c-~~
BAROMETRIC PRESSURE £9.s~'-*r "X* a 
MASS WEIGHTED SWIRL ANGLE /-3'- -9-~

DISTANCE 
FROM INNER SURFACE 

INCHES
■ DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0,280 9.670 0.185
0.450 '9.750 0,130
0,610 9. 800 0.102
0,760 9. 800 • 0.092
0.910 9. 800 0,100
l. 050 9.800 0. 1151.180 9, 800 0„ 140
l. 310 9.750 0.170

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES

- ... -.. " "lPERCENTAGE TURBULENCE
__ ______

0.280
::

11.078
0.450 7.664
0.610 5.956
0. 7o0 5.372
0.910 5.8391.050 6.7151.180 8. 175
1.310 10.023
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INLET TURBULENCE DATA

COLD RESISTANCE OF 
HOT WIRE= 3*3*'/ OHMS

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0. 280 9,700 0. 195o. 450 9.820 0.12?
0.610 9. 850 0.100
0.760 9.850 0. 09?0.910 9.820 0.1071. 050 9.820' 0.1171.180 9. 800 0. 140
1. 310 9.770 0.170

DIFFUSER C  , L/H 3-13 
FLOW TEMPERATURE /OS.o°F 
ROOM TEMPERATURE 75. o 
BAROMETRIC PRESSURE £?.3T 
MASS WEIGHTED SWIRL ANGLE

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES

------------- ----------------- ---r

PERCENTAGE TURBULENCE

0.280 11.608
0.450 7.388
0.610 5.784
0,760 5.6110.910 6,22 51.050 6. 806
3 .180 8,17 51.310 9. 984
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INLET TURBULENCE DATA

DIFFUSER £D , L/TT /.6>G COLD RESISTANCE OF
FLOW TEMPERATURE HOT WIRE =-3.37 OHMS
ROOM TEMPERATURE V-'/.oJ'r 
BAROMETRIC PRESSURE H-v. V-A 
MASS WEIGHTED'SWIRL ANGLE d ./S/ *

DISTANCE 
FROM INNER SURFACE 

INCHES
; DC VOLTAGE 
! VOLTS

RMS- VOLTAGE 
MILLIVOLTS

0*280 9.750 0. 152
0.950 9. 800 0.112
0.610 9. 870 •0.0870.760 9. 8?0 0, 090
0.910 9* 820 0.115
1.050 9.750 0.3.9?

■ 1.180 9.700 0.1751.310 9.620
.. . _

0.255

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES
PERCENTAGE

0*280 8.961
0.L50 6. <90
0, 61 0 5. 019
0» ? A 0 5.187
0.910 6. 6901.0 50 8, 66?
1.180 10.9i8
1.310 15.921
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INLET TURBULENCE DATA

DIFFUSER ZD , L/H /.6>0 COLD RESISTANCE OF
FLOW TEMPERATURE / O - Z - . O  HOT WIR5= 3 - 3 7  OHMS
ROOM TEMPERATURE 79.0 T-’
BAROMETRIC PRESSURE <£9. *-<5 "M>
MASS WEIGHTED SWIRL ANGLE S.'S9£ °

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0,280 9.800 o. 152
0.L50 •9. 850 0.105
0.610 9.900 0.092
0,?60 9.900 0.09^
0.910 9.900 • 0. 102
1.050 9. 880 0.117
1.180 9.850 0.132
1.310

...... ...................!

9. 850 0. 1-75 I1!!,. —  .............. 1

RELATIVE TURBULENCE

DISTANCE.
FROM INNER SURFACE PERCENTAGE TURBULENCE

INCHES

• 0,280 8. 8?6
0.^50 6,0? Ur
0.610 5.272
0.760 5.387o. 910 5. 8V5
1. 050 6.730

7.6351.180
l. 310 10.123
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INLET TURBULENCE T»ATA

DIFFUSER 'O , L/H 
FLOW TEMPERATURE 
ROOF TEMPERATURE T&.O 
BAROMETRIC PRESSURE

/ ■ 6 Q  
/ a 6c. s r

° t c r// ✓ /
MASS WEIGHTED SWIRL ANGLE

GOLD RESISTANCE OF 
HOT WIRE= SI 3 7 OHMS

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
.....—RMS VOLTAGE 
MILLIVOLTS

0. 280 9.750 o. 165
0.450 9. 820 0.132
t>.6l0 9. 850 0. 100
0. 760 9.900 0. 083

! 0.910 9.870 0.095
I 1.050 9-850 0.130
1 1.180 9.750 0.172
1 1.3101t 9.700 0.195 |

. -J

RSLATT VE TUR BULSNCE

DISTANCE 
FROM INNER SURFACE 

INCHES
PERCENTAGE TURBULENCE

0, 280 9.7230.450 7.6790.610 5.7 34
0.760 4. 7 56
0.910 5^-751. 0 50 7.520
1.180 10.140
1. 310 11.608
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INLET TURBULENCE DATA.

DIFFUSER O  , L/H /.&0 
FLOW TEMPERATURE /OS.O 
ROOM TEMPERATURE T&.o <7=~ 
BAROMETRIC PRESSURE 29./2 4' 
MASS WEIGHTED . SWIRL ANGLE

' /V '*>

COLD RESISTANCE 
HOT WIR1

OF
S^FOHKS

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0.280 9. 800 0.157
0.650 9.890 0.115
o.6io 9.370 0,096
0.760 9.8?0 .0.098
0,910 9.870 0.100
1,050 9.850 ' 0.162
1. 180 9.300 0.180
1.310 9,770 0.260

RELATEVE TURBULENCE

DISTANCE
FROM INNER SURFACE PSRC2NTAGE TURBULSNCE

INCHES
X\1
I • 0.280 9 , j 68

0.9-50 6. 62?
0.610 5.9-17
0.760 5.660

[ 0.910 5.763
i 1.0so 8. 2.16
1 1.180 10.511
1 1.310 15.270
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INLET TURBULENCE DATA

DIFFUSER 2D , L/H /.C.O 
FLOW TEMPERATURE /09.0 
ROOM TEMPERATURE 7&.o'/s’ 
BAROMETRIC PRESSURE £■?./-'/ *Mt 
MASS WEIGHTED - SWIRL ANGLE '<£3.

COLD RESISTANCE OF 
HOT- WIRB= 3.37 OHMS

DISTANCE 
FROM INNER SURFACE 

INCHES
DC VOLTAGE 

VOLTS
RMS VOLTAGE 
MILLIVOLTS

0. 280 9.800 0. 1.570,4-50 9.850 0.100
0.610 9.900 0. 0900.760 9. 900 0. 100
0.910 9. 8?0 0,112
1.0 50 9. 8?0 0. 1.4-21. 3 80 9.82 0 0, 172
1. 310 9.800 0.250 j

RELATIVE TURBULENCE

DISTANCE 
FROM INNER SURFACE 

INCHES PERCENTAG3 TURBULENCE

0.280 9.3680. 4-50 5.784
0.63.0 5. 1580.760 5. ?210.910 6.45 4
1.0 50 '8. 1 833.180 10.006
1.310 r

1
. . .  ............. -........  ...... »

14.599
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TABLE IV • 
MASS WEIGHTED VALUES

1 1 8

SWIRL 
CONBTTTON

DIFFUSER A DIFFUSER B
INLET EXIT INLET EXIT

Minimum 
Swirl Ps 

VO  Va 
vt

1.976 
-3.691 152.340 152.241 
5.329

0 . 1 3 2

59.585 59.584 
.0.087

1. 582 
- 2.729 146.428 146.367 
4.109

1.354
95.482
95.4452.454

WtPcA. c
Vt

5.071
-3.783154.638154.018
13.756

2. 824
5 6 . 8 0 8  
56.731 2.485

4.58 5 -3.086 1.53.894 153.398 12.336

3.442
9 8.023 97.846 
5.873

yp«5+ r1 V,o
vt

10.267-3.981158.412155.853
2.8.313

7. 078
60.189 
59.719 7/143

11.680
-2.663156.529153.26331.741

6.552
101.893 101.212 
10,828

u)
ZsX V
Is.Vt

15.603 -4.009 158.694 152.742 
42.829

11.368
62.783 61.541 
12.128

17.269 
-2.757 157.629 150.434 
46. 8 7 7

12.854
98.028 95.564 
20.991

Maximum C[9 
Swirl Pv°

0  v̂t

24.065 
-4.233 164.146 149.694 
6 7.061

16.754
61.191 58.584 
17.531

25.357 -3.044 164.267 
148.207 70.547

18.145
100.55995.49330.956
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119TABLE IV CONTINUED 
M S S  WEIGHTED VALUES

SWIRL
CONDITION

DIFFUSER G DIFFU-SER D
INLET EXIT INLET EXIT

Minimum ^3 
Swirl Ps

v.
O  Ya Vt

0.795 -2.107 150.530 
150.513 

2 . 078

0. 2̂4-3
118.449 118.447 
0. 578

0.151-1 . 3 0 6
150.903150.901
0.393

0. 398
143.366 143.361 
0.943

<l

3 . 5 3 2-1 . 9 6 0
1 5 1 .3 3 3  
1 5 1 . 0 3 9  

9 . 3 6 2

2.697
1 1 6 .8 1 5  
116.673 5.581

3.392 
-1.329 154.719 

1 5 4.446 9.154

2. 26l
145. 1 0 0  144.984 
5.613

. 4- vVa 
'. vt

7 . 6 9 7-2.040 153.380 
151.985 

2 0 . 6 0 2

7.193
118.802 117.872 1if. 254

8.. 280 
-1.411153.180149.83231.892

2.4 75
141.985 141.799 
5. 859

0)
7s

Y VVa
vt

14.564
-2.390158.738153.540
40.023

12.592
119.044 116.170 
25.263

14.274 -1 . 6 9 8  
160.589 155.565 39.673

7. 048
149.876 
148.633 18.214

Maximum
Swirl Ps 

V
A  Va 
v L

23.808 
-2.685 166.082 151.742 67.166

20.790
123.370 115.132 4-3.574

23.463 
-1.965 163.254 
149.595 65.130

14.717
148.448 
143.291 37.685
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A  A  0
TABLE V-

DIVERGENT-DIVERGENT ANNULAR_DIFFUSER 
EXPERIMENTALLY MEASURED CpRtq; , VALUES

1
SWIRL
CONDITION

L/h

i

1 . 6 0

DIFFUSER
D

3.13
DIFFUSER

C

6.35
DIFFUSER

B

12.65
DIFFUSER

A
Minimum
Swirl

o CPR
0, 151 
0.2 66 
0.739

0.793
0.435
0 . 7 8 3

1.582
0.599
0.799

1.976 
0.752 
0. 846

A
4
CPR
n.

3.3̂ 9
0.258
0.717

3.531
0.403
0.725

4.582
0 . 6 1 3

0.817

5.077 
0.749 
0. 843

"h CpR

a

8.280
0.269
0.747

7.697 
0.410 
0.738

11.688 
0.512 
0.683

1 0 .8 6 7  

0.751 
0.845

X CPR
n

14.274 
0.308 
0.856

14.5 64
0. 449 

0. 808

17.269 
0. 524
0 . 6 9 8

15.603 
0.750 
0. 844

Maximum j rn 
Swirl v

0
n.

2 3.463
0. 346
0 . 9 6 3

23.808 
0.464 
0. 834

25.357
0.534
0.709

24. 0 6 5  

0.75̂  
0. 848
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PLANE WALLED DIFFUSER CONICAL DIFFUSER '

DIVERGENT-CONVERGENT 
ANNUL,AR DIFFUSER

DIVERGENT-DIVERGENT 
ANNULAR DIFFUSER

DIVERGENT-STRAIGHT CORE STRAIGHT CORE-CONVERGENT 
ANNULAR DIFFUSER ANNULAR DIFFUSER

FIGURE | DIFFUSER CLASSIFICATION
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AIR IN

OTOR
E

A - BLAST PLATS 
B - BLOWER
C - FLOW-CALIBRATION PIPS 
D - EXPANSION CONS 
E - PLENUM CHAMBER 
F - FILTER

■G - HONEYCOMB 
H - SCREENS 
I - SWIRL VANE UNIT 
J - ANNULAR PIPES 
K - ROTATABLE OUTER TIPS 
L ~. ANNULAR DIFFUSER

FIGURE 2  SCHEMATIC- DIAGRAM OF THE TEST FACILITIES
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FIGURE 3 APPARATUS LAYOUT

FIGURE ^ CENTRIFUGAL BLOWER
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FIGURE 5 DIFFUSER TEST 
SECTION-

FIGURE 6 YAWPROBE AT
DIFFUSER EXIT
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FIGURE ? SETTLING CHAMBER

FIGURE 8 SWIRL VANE 
UNIT
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V Cv

hub radius 
tip radius 
inner wall angle 
outer wall angle 

A^= throat area = Ai 
A l= area at L = A2
For this investigation0i= 0o = 20°
£1= 0.6 at 1 
0 ,Ag/Aj. = 1.25,1.50,2.00 

3.00

FIGURE 9 DIFFUSER GEOMETRY
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Plane of 
- Measurement

Traverse
Station

Plane of 
Measurement

Traverse
Stations

1/2 SECTION B-fB;Diffuser OutletSECTION A-A:Diffuser Inlet

There are 10 Measuring StationsAt each one of the 3 Traverse
Stations there are 10 Measuring 
Stations. The Measuring Stations 
•are located at the midpoints of 
ten equal ring area elements.

■o ''

at the 1 Traverse Station. The 
Measuring Stations are located at 
the midpoints of ten equal ring 
area elements.

•. DIFFUSER WALLS -3 rows of 10 
Static Pressure Taps are located 
on the outer wall' at 0°, 120°, 
and 240°.

FIGURE 10 MEASUREMENT STATIONS

12/
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FIGURE 11

COMPARISON OF MEAN VELOCITY DISTRIBUTION WITH 
RESULTS OF BRIGHTON & JONES

\

max

0

9

8

.?
laminar Flow

0,6

59 Turbulent Flow .Reynold's 
Number = 146,000 
Brighton & Jones4

.3
O  Mean Velocity Distribution 

for No Swirl Case for 
• Present Investigation.2

1

0.0
0. 1 0.2 0. 3 0.4 0.5 0.6 0 .?• 0.8 0.9 1.00

OUTER
WALL

Y / h INNER
WALL
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FIGURE 26
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FIGURE 28

COMPARISON OF PRESENT RESULTS TO 
RESULTS OF SOVRAN & KLOMP
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FIGURE 3  i

*2 VERSUS L / h  CONSTANT 0  (SWIRL ANGLE)
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