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"FLOW THROUGH WIDE ANGLE ANNULAR DIFFUSERS
WLTHOUT AND WITH SWLEL"

ABSTRACT

Diffusers have been the subject of extensive study
over the past two decades. Amongst various types of diffusers,
the least attention has been pald to anmlar dlffusers because
of the number of geometric parameters that need to be cmsidered,
In meny fluld dynamical spplications flow through snnular
di ffusers is swirling in nature, The pregent study is an
experimental investigation of subsonic turbulent swirling
flows through wide angle annular diffusers having diverging
hub and casing boundaries with stralght walls. The objective
of the investigation was to carry out preclse measurements of
the mean flow and the turtulence quantities in plane two~
dimensinal o axisymmetrie turbulent boundary layer flows
without swirl and with inlet and/or hub generated swirl in a
series of wide angle annular diffusers, 8ix perspex diffusers
having different geometrical characterigtics were fabricated.
The hubs were cast of Aluminium and thereafter machined to
obtein a2 smooth surface. ZIach of the diffusers in tum were
mounted and tested on the same test rig as used by Kumar (88),
The longitudinal variation of the stetlic pressure along the
wall of the casing was read on a multitube menometer. The
radial dlstribution of static pressure as well as the axial
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and tangential velocity profiles were measured with the help
of a three hole cobra probe which was traversed across various
cross-gections along the diffuser length, The shear stress
acting on the diffuser wall was measured by means of a

Preston tube., It was also computed from the measured velocity
profiles with the help of a Claugser plot, The turbulence
intenglty at the inlet to the di ffuser and the dlstritution

of turbulence intensity along the length of the diffuser were
measured using a Disa constant temperature hot wire anemometer,
The experimental data was processed on an ICL 2960 camputer

to c:alcula,ta the radial dstribution of the longltudinagl and
tangential velocity components, the swirl angle, the static
pressure and the distribution of the totsl pressure at esach
axlel location. The results have been presented in the fomm
of normallsed plots uging the mass averaged veloclity at the
inlet as the reference velocity to nommalise the longltudinal
and tangentdal components of weloecity. The radial distribution
of static pressure along the length of the dlffuser, the longl-
tudingl variation of statlc pressure along the casing wall,

the pressure recovery, the blockage factor, the wall shear
stress, and the dlstribution of turlulence intcnstty along the
di ffuser length have also been presented. The measurements
indicate that the pressure recovery improves on introduction
of inlet swirl, Hub generated swirl results in an increase

of the radiel static pressure and the dlstribtution of the
longltudinal static pressure along the casing wall and hence

an improvement in the presgsure recovery similar to that with
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inlet swirl. Introduction of swirl in Group A dlffusers was
found to substantially reduce the possibility of separation
at the caging and to shift the stall from the casing to the
hub, On the other hand, even a swizl of 25° which was the
naxinum investigated was not sufficient to completely eliminate
separstion in group B dlffusers although the extent of the
separation zone could be reduced.

The TEACH-I computer code developed by Gosmen et al
(1976) for turbulent recirculating flows was modified and
adopted for affecting flow predictions in conical diffusers,
Predictions of the axiel and tangential velocity profiles
and the pressure recovery for flow through conicel diffusers
with and without swirl were compered with the corresponding
experimental results and found to be in falr agreement, The
program was further modified and updated for investigating
annular diffusers with a straight tub and with diverging hub
and casing walls. Theoretical predictions for these cases
were compared with the corresponding experimental results and
found te be in good apreement,



ACHLH O L EDGEMENT

ALSTRACT
CUuTELTS
CHAPTER 13

CUHAPTER 21

INTRUDUCTI (i

2.1

2. 2

(w)

CUTIENTS
Page
1
i1 -~ iv
v - vili
1 -7
1.1 Problem Considered 3
1.2 Outline of Presentation 6
REVIEW OF DIFFUSER STUDLLS 8 ~ 43
Geometric and Flow Parameters 10
Effects of Ceometric Parameters 12
2.2.1 Area ratio, divergence 12
anple, and non~dimensional
lengtﬁ
2.2,2 wWall Curvature 17
2.2.3 Downstream Ducting, 18
Tail Pine
Lffects of Flow Iarameters 19
2.3.1 Inlet Velocity Profile 19
2.3.2 Inlet I'lockage Factor 20
2.3.3 ﬁgﬁﬁtxﬁ%&;ﬂdg lurter and 22
2.3.% Inlet Turbulence Level 23
2.3.5 Inlet Swirl 2
2.3.0 Uscillating Turbulent Flow 28
Doundary Layer Control Parameters 29
2.)r.1 Doundery Layer Suction 29
2.4%,2 1lowing and Injection 30
2.%,3 Vortex Generators 31



CUHAPTHER 3

2.%.%  Gereens, Venes, Splitten,
and Upecial Flow Control
Devices
2.9 Diffuser Performance Correlations
2.5.1 Bovran and hlomp Correlation

2.5,2 Tyler and Williamson
Correlation

2.6 Analytical Studies to develop
Semi-empirdcal lethods to Predict
the performance of dilffusers

2.7 Concluding Remarks

LAP ERIMEN TAL FACILITY AND BUIPMELT
3.1 Apparatus

3.1.1 Swirl Generatiom and
Specification

3.1,2 Ceometry of the Test
Diffugers

3.1.3 Diffuser Inlet Location
3.2 Instrumentation

3.2.1 Traversing Hechanism

3.2.2 lisnometers

3.2.3 lieasurement of the wall
Statlic Pressures

3.2.4 lieasurement of the Mean
Veloclity

3.2.5 Three Tube Impact Probe
(Cobra Probe)

3.2.6 l'easurement of wWall Shear
Stress

3.2.7 Hot-wire Measurement
3.2.5 IMlow Visuslisation

3.3 Lrrors and Uncertalnty Ass~clated
with the licasured Quantities

31

33
33

35

36

L4

Wh- 59
e
146

48

kg
49
50
50
51

51
51
52



CHAPTER L

CiAPTER 53

vii

EXPERT 1'1d{ TAL PROGRALDME 60 -
4,1 Inlet Conditions 60
4,2 Preliminary Investigation 61
4.3 Experimental Procedure 61
4.4 Data Processing 62
I,5 Hstimation of the Turbulence 62
Intensity
.6 Computation of the wall Shear 63
Stress
It,7 Uncertainty Analysis G
ALLALYTICAL PHUGHAILE | 66 ~
5.1 Finite Difference liethod 66
5.1.1 liathemati cal liodel 67
5.1.2 GSelection of the Turbu~ 67
lence liodel
5.2 Development of the Computer 71
Program
5.2.1 The Teach~T Code 71
5.2.2 Solution Procedure 72
5.2.3 Turbulence Model 73
5.2 Structure of the Teach-T 75
Program
5.2.5 Cmnvergence Criteria 76
5.2.6 lLumerical Stabillty 76
5.2.7 Accuracy ' 77
5.3 llodification of the Teach-T 79
Program
5.3.1 General Remarks
5.3.2 Control Volume 78

5.3.3 CALCW Subroutine 79

65

80



s enn
{7 L
lATTER L

6.1

6,2

6.3

6.4
6.5
6,6
6.7
6.8
6.9

JAWSULrS AWD DISCUSSION
Diffuser Inlet Conditions

Celel
6,1.2
64143
6.1.4

Veloclity profiles
Swirl distribution
Static pressure distribution

Inlet turbulence

Velocity Distribution Diffuser Passage

602Q1

6.2.2

Pressure distribution in diffuser passage

6.3,1
£.%.2

0.3.3

Velocity distribution in
group A diffusers

6.241.17 UYonawirling flow
6,241,2 Swirling flow

Velocity distribubion in
group B diffusers

6,24,2.,1 MNonswirling flows
6.24242 SWirlina flows

viii

81 - 122

B .
5 =

g2k

92
95
105

Static pressure in group A diffusers 105

Static pressure distribution in
group B diffuscrs

The normalised pressure distri-
bution along casing wall

Flow meparation and astall

Blockage factor

Siin friction coeflicient

Uistribution of tuwrbulence intensity

Diffuser performance

Theoretical predictions

107

109

110
1M1
112
1%
115
118



ix

CHAPIER 7: CONCLUSIONS AND iECUMIEUDATIUNS 123 - 127
POR FULURE WORK
7.1  Conclusions 123
7.2 Recommendations for I'uture Work 126
WOTATIONS 128
APPENDIX A 132
REFERENCES 135 = 148

FIGURES are all serially arranced at the end,



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

