INVESTIGATIONS ON VANED RADIAL DIFFUSERS
WITH DIVERGING WALLS

BY
PURUSHOTTAM SHRIKRISHNA UTGIKAR

A thesis submitted in
fulfilment of the requirements for
the degree of
DOCTOR OF PHILOSOPHY

OogLnt

Department of Mechanical Engineering

INDIAN INSTITUTE OF TECHNOLOGY, DELHI
MARCH, 1985



Dedicated To
my Parents,
wife Padmaja
and Children

Suneeta and Anant



CERTIFICATE

This i.s to certify that the thesis entitled,"INVESTIGATIONS
ON VANED RADIAL DIFFUSERS WITH DIVERGING WALLS" being submitted
by Mr. Purushottam Shrikrishna Utgikar to the Indian Institute
of Technology, Delhi, for the award of the degree of 'Doctor of
Philosophy' in Mechanical Engineering is a record of bona fide
research work carried out by him. He has worked under our
guidance and supervision and has fulfilled the requirements for
the submission of this thesis which, to our knowledge, has
reached the requisite standard.

The results contained in this thesis have not been sub-
mitted, in part or in full, to any other university or Institute

for the award of any degree or diploma,

§-m-YS-T7
Dr. S.M. Yahya Dr. D.P. Agrawal,
Professor, Assistant Professor,

Department of Mechanical Engineering,
Indian Institute of Technology, Delhi,
Hauz Khas, New Delhi=110016




ACKNOWLEDGEMENTS

It is with a deep sense of gratitude and appreciation that
the author wishes to acknowledge the valuable suggestions and
guidance of Prof. S.M. Yahya and Dr. D.P. Agrawal, project Super-
visors. The author is extremely indepted to them, for, they
helped the author with new ideas and discussions at various stages
of this work,

The assistance of the staff of Mechanical Engineering
Viorkshop and I.D.D.C. in carrying out the fabrication work is
gratefully acknowledged., Thanks are also due to the staff of
Turbomachinery Laboratory for their cooperation during the
experimentation. The author also acknowledges the help and useful
discussions provided by his friend Mr. B. Malti id running the
finite element computer program.

- Words cannot express the author's gratitude to his wife
Padmaja and Children Suneeta and Anant for their patience, under-
standing, encouragement and moral support,in spite of the fact
that they were totally neglected from his side for such a long
period, that made it possible for the author to complete his
Doctoral research at I.I.T. Delhi.

The author is also grateful to nis friends Mr., S.D.
Deshpande and kr. Sanjay Joshi for taking pains in procf-reading
the manuscripte ‘

Finally, the author thanks Lir., V,P. Gulati who skillfully

and speedily typed the manuscript and fir, N.K. Choudhary for
preparing the tracings.

yivdgo

P.S, Utgikar



ABSTRACT

The existing literature indicates the growing need of
developing a compact and efficient diffuser for converting the
kinetic energy of the fluid discharged by a centrifugal impeller
into pressure energy. A vaned diffuser with diverging side
walls offers high potential to the problem, Realizing this fact,
the present work was undertaken to understand the detailed flow
characteristics of the 6°-included angle diverging wall. vaned
radial diffuser and to evaluate its overall performance through
an exhaustive experimentation so as to arrive at the optimum

geometri¢ dimensions of this new type of the diffuser,

The significant geometric and fluid-dynamic parameters
affecting the performance of a vaned diffuser were identified
through a review of the existing literature. The experimental |
programme was concerned with data collection in terms of total
pressure, static pressure, velocity and flow anglé profiles and
vane and-.wall static pressure distributions. For this purpose,

a lafge size test rig was designed and fabricated., A céntri-
fugal blower supplied air to the test diffuser and swirl was
imparted at the diffuser entry by means of a double wire-gauze
rotor. The diffuser vanes were straight, made out of 3 mm thick

. ‘ o) :
m.,s. plate, with the vane leading edge angle of 45 &+ A 3<hole
probe, mounted on a sultable gear, was traversed in the flow

field. Tests were conducted on a number of diffusers for ,variot
values of %ncwdence (=~ 15 to + 15 ), Reynolds number (0, 95x105 to
2.6 x 107) and area ratio (1.0 to 3.96).

Experimental results indicated that the number and aspect
ratio of the vanes, area ratio, incidence and inlet blockage
have a strong influence on the diffuser performmance. Diffuser
VD=8 with 12 vanes of aspect ratio 0.25 (solidity = 2.27,
equivalent cone angle = 14,80), gave the best performance in
the range of experimentation. Maximum values of Cprand e of



ii

0,69 and 0.76 respectively and mlnlmum value of % of 0,22,
were obtained at an incidence of ~5° in this diffuser, It

was observed that the number of vanes less than the optimum
deteriorated the diffuser performance more, as:compared to the
number of vanes, a little more than the optimum.Velocity pro-
files at the diffuser exit improved with increase in the vane
aspect ratioj however, optimum performance did not occur in

the diffuser with highest aspect ratio, due to the increased
skin friction losses, Practically all of the vane loading
occurred from the initial 60% length of the vane. Increase in
Cpr and € with area ratio was little for AR >3. Flow
visualization with tuft probe traverses indicated the existence
of secondary flow in the downstream part-of the diffuser channel.
All diffusers showed stall patches, the presence of stall
'depended largely on incidenceand Reynolds number, BegiOns of
fixed stall appearing at the inlet region and on the inner -
wall, in some diffusers, indicated premature flow. separatlons
at this wall, '

Comparison of some of the‘experimentally.obtained vane
surface pressure distributions with those of theoretically
predicted results of the 3-D potential flow analysis using finite
element method, showed a reasonably close agreement between the
two in 20 to 40% length of the varie from the leading edge,
while there was a large deviation at the leading and»traiiing
edges. An improvement of about 10% in Cp and reductien of
about 25% in "€ was possible by introducing splitter vanes in
the upstream portion of the diffuser, '
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