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ABSTRACT

-_—_—

-_— T/ -
This thesis is a study of a2 turbulent swirling flow

through an annular diffuser to determine the effect of swirl

intensity on the thickness of the boundary layer. The study

ineludes both experimental and numerical investigations.

The flow was first investigated experimentally in a 15°
cone angle diffuser with a2 total area ratio of 7.13, having
a constant diameter central hubt of 76 mm. The outer casing is
200 pm inlet diameter, 500 mm outlet diameter and 1140 mm long.
The total and static pressures were measured by means of a
wedge-type probe, The diffuser was traversed by the probe at
eeveral axial locations so ?hat complete flow configuration
is determined at different swirls, The swirl intensity is
varied by varying the angle of the swirl vanes at diffuser

inlet. This angle is considered as a measure of swirl intensity.

Bxperiments were performed at no-swirl, 5, 15, 25 and 35
degree swirl, The effect of these swirls on the static pressure
variation at both hub and casing, on axial and tangential
veloeity profiles, on boundary layer separation zand on the
pressure-recovery coefficient was studied. As the pressure-
recovery coefflicient is the measure of the effectiveness of
the diffuser performance, it was compared with those of other
research workers. By adding the results of the present work
to their results, the performance of conieal and annular
diffusers may be then predicted for different ocone angles,

different area ratios and different swirl intensities.
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In conclusion, as swirl is increased, the boundary layer

gets thinner at the casing and thicker at the hub. This thick
boundary layer tends always to separate from wall; the separation
gets nearer to inlet as swirl is increased. Best performance

occurs at moderate swirl (15° in the present work).

The theoretical investigation was based on the use of a
general numerical method for solving the governing differentisl
equations for swirling flows in annular diffusers. The computer
program used in the solution of the problem is kmown by
(2/E/FIX) Zwo-dimensional Elliptic and Fized grid by Pun and
Spalding (1976). The program was modified to suit geometrically
and dynamically the problem considered in the present work.

To get the flow pattern in the annular diffuser, the program
was modified step by step; first to configurate a Pipre flow
case, then an annular flow between two concerir:ic pipes, at

last flow in an annular diffuser %ith no-swirl. The experimental
results seem to be in good azreement with the numerics]l

results, The flexibility of the prograz enables the prediction
of flow pattern in such cases which are diffiocult to investigate

experimentally.
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‘grid loocation south of P

source term in pressure-correction equation

source term in pressure-correction eguation

velocity component in axial directiorn

veloeity vector

resultant velocity; velocity componernt in
¢r r direction

veloecity component in axial direction

tangential veloocity component

volume of cortrol volume

grid location west of P
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CHAPTER

a2 NSRS

INTRCIGCTION

Diffusers are exiensively used ir rumerous fieide in
engineering. For exarple, the diecharge duzt of sozme axial
COoLpressors, the outlet régsage ¢ volule casirg of centrifugal
pucps and the draft tube in water turbines are scze of the
applications of ¢iffusers. They are cersldered zs energy
Tecuperators, governing both efficiency and stetility inm

fluid Rachirery and wind tunne?l test sectiors.

fue to the type ¢? adrriication, diffusers ma: :e 27 various
shapes. They may be ¢onicaly arnular with senicsel ceripg and
¢ylipdrical hud or vice-versa i,e cylincricsl ecarii- ané

conical hub; or both corieal nup and casing. They zey be

straight welled or have =op invzluze fla72, and ir e--e app.i-
¢atlons, diffusers zay rave - "LellY or ferumpesw srare,
“iffusers are thirefore SEFEITLL T L sDate urfer a owide
Targe - T.ow regizmer. Izproved “LUE€ITending of the rature
0 fI1o%W ir iiffucews ST liZlereri srzpas fratlec LEsLgrers te
PUIfI1l reguirement:s for the particular arr-ication, Srorite-

in large angle diffusers, tie boumdapy ~ayer develcps guickly
anc it finally serarater from wall tefire the exit o “iffuser,
and the rrescure does nce increase muck downsirearn -° tle

Separation roint. Io nohieve trne ok}
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in short wide-arngled diffusers, £15W separation cust be

controlied with mirimur energy expenditure,

Swirling flow ig sozeitires Observed ir *he exit pipe of
turbomachines and in some cases of pire line ®low, Flow is
sometices forced to e swiriing to preveri separation from

oundary wal_s., In cases of swirling - 21o%, the flow is pressed

toward the wall »y the cerzrifugsl

iy

H

crece, and the wall boundary
layer is less lixely %o sepzrave even if the diverzence

angle of the diffuser is large; ané =z hi

my

I pressure recovery

coerfficient is expecied.

The o-ject of =rhe present wcrk L= to situdy exrver imentally

the effect of swirl on the <rioknese 5° the brundary laver

] <y - LR . 5 - N sea s 2 -
J= YT IDVESTLZETlOn., «OIECVEI, & IU.eTiZal analvsis is alse
-] . - vy - o - . - P o -

FreESmiec, ~ Teview oI DreviTur EITL 13 iven ir ghavee-— Sy
] R hl N S e e o e g [ - < oo - - -+
arni L€ eXpsErizerntzl InvesTioation Lr Jeprrites iw cnapter 3.

procedure used wWas assured ry the excellert results ottained
for the non-swirling 2low vhrougn the anrular diffuser. Thece

i |
resulits zare

H

esentec in crhajier . .her swirl was introduced,

Ra]

+

convergence of thre sclutiorn was 2ound i be very clow and

-

the nurerical ste=tility was azllected,
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Througrout the wicle work, the flow i: assumed ¢ be

-

1. Steady, because erougr Sinme lapsed tefore measurements
were taken.
2. Axisymzetric axlsymreiry is creckel a1 irlet =zngé
outlet sections of the 4iffuser Gurirzs sx—sri—er-~
3. Incomiressitle, as the lLack numter 22 inlet foes rot

exceed C.1%.
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