INVESTIGATIONS OF THE FLOW OF MULTISIZED
HETEROGENEOUS SLURRIES IN STRAIGHT
PIPE AND PIPE BENDS

by
MUKHTAR AHMAD

Department of Applied Mechanics

Thesis submitted
in fulfilment of the requirements for
the degree of
DOCTOR OF PHILOSOPHY

to the
INDIAN INSTITUTE OF TECHNOLOGY, DELHI
INDIA
MARCH 1991



DEDICATED TO
MY
PARENTS



CERTIFICATE

This is to certify that the thesis entitted “INVESTIGATIONS OF THE FLOW OF
MULTISIZED HETEROGENEOUS SLURRIES IN STRAIGHT PIPE AND PIPE BENDS”
being submitted by Mukhtar Ahmad to the Indian Institute of Technology, Delhi (India) férthe
award of the_degree of Doctor of Philosophy in Applied Mechanics Departmentis a bonafide
research work carried out by him under our supervision ehxr.wd”guidance. The thesis in our
opinion, has reached the standard fulfilling the requi;ements for the Doctor of Philosophy
Degree. The research report and the results presented in this thesis have not been submitted

in parts or in full to any other University or Institute for the award of any degree or diploma.

éﬁ%\m N [eetal.
(V. Seshadri) =7[3]9)

(S.N. Singh)

Asstt. Professor

Deptf. of Applied Mechanics
Indian Institute of Technology

New Delhi-110016

Professor ,
Deptt. of Applied Mechanics
Indian Institute of Technology

New Delhi-110016



ACKNOWLEDGEMENTS

It is with a deep sense of gratitude and appreciation that | take this opportunity to
aéknowledge the help, co-operation and guidance of Prof. V. Seshadri and Dr. S.N. Singh.
I shall remain indebted to them for their continued encouragement and involvement during

the entire period of this work.

The assistance of Mr. Sita Ram and the staff of Fluid Mechanics Laboratory is gratefully

acknowledged. This work would not have been accomplished without their help.

The author extends his thanks to Aligarh Muslim University, Aligarh, for sponsoring him
for higher studies and Ministry of Human Resource Development, Govt. of India, for providing

financial supportunder Quality Improvement Programme.

The author would like to express his thanks to Sulaiman Khan, C.B. Joshi, N.K.

Srivastava and A. Alifor the help and co-operation offered by them from time to time.

The author thanks his wife Firdaus, son Atif and relatives for their constant encourage-

mentand help for the successful completion of this work.

Mukhtar Ahmad.

ii



ABSTRACT

Slurry pipeline transportation has become a reliable alternate mode of transpor-
tation for bulk materials due to its attractive economics and reliability. For commercial
slurries where the-size ratio of largest to smallest pan;c;lé could be greatés-"ﬂ"';é‘th 1000,
the design procedure of slurry pipe line for such applications is quite complex and may
sometimes be unreliable. Thus one has to resort to experimental investigations on

Pilot Plant test loops to generate the needed database. Hence, in the present work an

attempt has been made to get more insight into some features of multisized particulate
slurry flow through pipelines. In particular, pressure drop in a straight pipe and across

apipe bend, concentration and size distribution of solids in both straight pipe and bend

as well as the prediction methods for pressure drop and concentration profile have

been studied.

T Delhi has made a significant contribution in the development of slurry
mt-ré'n“sportation systeminlndia. Thedata collected over the laéf tWo decades for pfeésure
drop on different materials at different concentrations Was analysed and compared
with predicted pressure drop by the method proposed by Wasp etal. It was found
that the deviations were very high and therefore a modified pressure dro}J prediction
method has been -p.'roposed which shows impfovementin pressure drop prediction to
thetune of20to 25%. A comparison with the present experimental measurements

of pressure drop for two slurries also showed a significantimprovement.

Concentration profile measurements for two slurries namely lron ore slimes and
Zinc tailings were done in a pilot plant test loop existing in the Fluid_Mechanics
Laboratory. Measurements have been made over a wide range of flow velocities and

concentrations. The measured concentration profiles at different concentrations have



been compared with the predictions using the methodology of Karabelas. This method
gave good matching at low concentrations but failed at high concentrations. Modified
concentration profile prediction method proposed by Seshadri et al. has also been tried
and it gives better prediction at all concentrations. Therefore itis concluded that the
| r.ﬁethod proposed by Seshadri et al. can be used f.ormc—:oncentration p}ecij-ietion in
the case of multisized particulate slurries. The distribution of particles belonging

to different size fractions has also been studied both experimentally as well as

analytically.

Another aspect of the present work is the study of the flow characteristics of
multisized particulate slurry through a long radius bend (radius ratio = 4.0) incorporated
in the pipeloop. This bend was instrumented to facilitate the measurement of the
pressure drop and concentration profile in two planes namely horizontal plane and
vertical plane. Measurement of press'ure drop shows that relative p.ressure drop inthe .
bend for slurry flow is always less than that for water. This fact could be attributed to
the suppression of turbulence and secondary flows in bend due to presence of solid
particles. Bend pressure drop increases with increasing velocity and concentration. In
comeer_isen to straight pipe the ber‘le-p—ressure dropis always higher except at velociﬁee
near the deposition velocity. This is attributed to the fact that atlow velocities, the slurry

tends to settle in straight pipe whereas it is kept in suspension in the bend due to

presence of secondary flows.

Measurement of concentration profile in the two planes inside the bend shows
r.ed.ietribution of particles in thebend. The larger particles move towards the outer wall
which would be one of the reasons of rapid wear in bends. Further comparison of
concentration profilesin bend with those in straight pipe shows lesser asymmetry inside
the bend at low conceh;[fetions whereas at AHi_gher concentrations, this effect is less

pronounced.
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