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ABSTRACT

This thesis i~ primarily concerned with the energy required to

I
hydraulically transport ,sand and lime slurries in a 5.1 cm.-diameter

~I

vertical pipeline for both steady and pulsating flows. - "

mixture flow rate Q, and the pressure difference
.17'

sec.tion were measured within the Reynolds number

2 x 105. /" •

In the steady flow experiments, thr~fferent gra~s'Of sand

of average weighted~ameter d = 0.66, 1.20 and 1.84 rom. were inves­

tigated. The lime§lurry used had an average particle diameter'of

-31.8 x 10 rom. The delivered volumetric concentr_tion C , the average
s

~p across the test
r 4

range of 4 x\lO to

I
In the pulsating flow experiments, ~nly one grade of q~d of

, 'I
average weighted diameter d ='1.20 rom. was investigated pt fr~ies

of 0.22 and 0.44 cycles per second. ~~

Two methods of,predicting pressure gradient for slurry flow-
, "-

were attempted. The first was adapted from Newitt et~ al. (1961). By

comparing the measured pressure gradient i fbr various suspensions to

those for water flowing under similar conditions i ,
w

dimensionless pressure 'parameter $ w~s obtained.

an excess ~j

It was Possible to

correlate

',p related

•
~steady flow data using ~.and another'dimensionless parameter

• D . -h.-,
to,mixture.velocity Vm, dia .ter ratio d and specific gravity

of solid S. In the second method th~Jexcess p~sure gradiene (i-iw)

"



•

r

-------is equated to the excess hydraulic head GT(S-l). The results are

presented in graphical form and each method is appraised in the

discussion.

The en~y dissipated per unit height of the test section and

mass flow rate was determined for steady and pulsating flow of sus­
.J

pensions. The energy ratio P/J at the two frequencies was obtained
s

for low concentration slurries (G
S

< 8.Of)' 'It was found that no

·energy savings were recorded for pulsatile flow under these conditions.
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,NOMENCLATURE

delivered volumetric concentration

concentration

delivered mass concentration

transport volumetric co entration

/

'";

. liP
gradient, /p liZ

w,
dimensionless pressure

",

manometer reading'

height (or specific pressure head)

specific pressure head eq. (D-l)

dimensionless pressure gradien~cludinghydraulic head,

friction factor in steady flow

acceleration due, to gravity

friction factor in unsteady flow

friction factor

average weighted diamete of solid particles

"-
pipe internal diameter

drag coefficient

amplitudeA,

C

\ Cd

Cm

Cs

CT

d ,
D

f

f u

'f
s

g
<>

h

. ~ '1:,'
lIHm

'i

. i
T . '

i
w

dimensionless pressure gradient for water flowing alone

at VelOCitYVm.fp:~i)W·
time-average~ rate of,energy dissipation Eq. (3-11)

x



...
, '

radial distance

mass flow rate

local axial velocity

••

=

average· flow velocity

ambient temperature

Stokes number

reservoiI;-_ tempc.rature

time

specific gravity

internal pipe radius

DVp
)J

Reynolds number

pressure drop due to friction for mixture

pressure drop due to friction for water flowing alQ{le

total pressure d,:op over length llZ

•
volume rate of flow

volume rate of flow for liquid only Eq. (6-1)

pressure drop over }ength llZ as seen by manometer

pressure

number of intervals Eq. (A-13)

pulsating-flow energy requirement defined by Eq. (A-13)

modul~s of Bessel function of zero order

constant in Eq. (3-2)

Bessel function of the first kind

steady-flow energy requirement defined by Eq. (A-9)

J
0

J
P

J s

K

M
0

0
m

n

P

llP

llP
fm

llP
fw

llP
T

Q

n QL

r

R

Re

S

St

t

Tamb

." T
res

u

u

xi ,



./

fluid average velocity
\ \-~.

mixture velocity

velocity amplitude Eq. (3-5)

particle velocity

steady flow velocity component

maxi~um velocity in flow profile

volume of delivered mixture sample

.~

. "'i!

,

velocity

liquid velocity -
average mixture velocity

terminal settling velocity of solids at low concentration

superficial liquid velocity defined by Eq. (6~1)

weight of delivered mixture sample

length of test section

GREEK LETTERS

y

dimensionless frequency dependent parameter

specific weight = pg

e
o

)J

thi~kness of the lubricating layer Eq. (3-11)

phase angle of Bes~el function of zero order

viscosity

viscosity of water at reservoir temperature

v

p

kinematic viscosity

density

=~
p

xii



density of water at ambient temperature

density of water at reservoir temperature

,

/

Pf

PHg

PI

Pmr

Pp

!wa
Pwr

T
0

~

~ (r)

fluid density

density of mercury
/

liquid density..:.)
mixture density Eq. (A-6)

particle density

wall shear stress

dimensionless parameter =

phase shift

i-iw

c is w

./ ')

,

x

w

added mass coefficient Eq. (3-7)

dimensionless parameter =(,r /2

frequency

xiii
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