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ABSTRACT

Peristalsis is a form of fluid transport achieved with the aid of progressive, contraction-expansion
wavelike movements along the walls of the fluid containing tract (channel/pipe/tube). It appears
mostly in biological systems, such as in the ureter, in the intestines and oviducts in the human
body. In the study, a particle-fluid suspension is treated as a two-phase fluid and considered to be
flowing through a circular cylindrical flow tract, under the influence of a long wave peristaltic
flow situation. Two sets of equations, for the fluid phase and the particulate phase, are taken. At
the end when the volume fraction of the particulate phase g is made zero, the results did agree, to
some extent with the case of a single-phase fluid. From this study therefore it implies that, as long
as a Newtonian fluid is assumed, the fluid type may not adversely affect the results, hence may
correspond to the single-phase fluid situation.
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INTRODUCTION
length of the organ, depending upon their

Peristalsis is a form of fluid flow/transport location and what initiates their action. In
mechanism achieved with the aid of a particular, peristaltic transport mechanism is
progressive  contraction ~ —  expansion involved in urine transport from kidney to
wavelike situation along the walls of the bladder through the ureter and movement of
fluid-containing tract, in this case, cylindrical chime in the gastro-intestinal tract. The
(tube-like/pipe). This mechanism is known to peristalsis phenomenon can be represented
be one of the major fluid transport processes diagrammatically as figure 1.

in many biological systems. It occurs as y

involuntary movements of the longitudinal Aot valluncr pasalSs - Mean osion of et vl
and circular muscles, primarily in the /

digestive tract, but occasionally in other
hollow tubes of the body, that occur in
progressive wavelike contractions.  The
waves can be short local reflexes, or long
continuous contractions that travel the whole

Center line

Figure 1: Peristaltic flow process — 2-dimensional flow
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Li (1970), adopted a long wave
approximation, based on the Zien and
Ostrach, (1969) model, to analyze the
peristaltic pumping of a Newtonian Fluid, in
a circular cylindrical tube. Essentially, it is
the application of the Zien and Ostrach,
(1969) analysis to the axisymmetric case. The
same assumptions that the length of the
peristaltic wave is large compared with mean
radius of the tube; and the frequency of the
peristaltic wave is small as compared to the
reciprocal of the characteristic time for the
vorticity diffusion — thus making the
Reynolds number small; are again adopted.
The perturbation solutions techniques are
also employed, with closed-form solutions,
up to the second order, obtained; and criteria
for backward flow discussed.

Other important related studies on this topic
of recent years include Srivastava and
Srivastava, (1997); Mekheimer, (1998);
Srivastava, (2002); Srivastava, (2007); and
Medhavi et al. (2009). It is noteworthy that
all these used a circular cylindrical model,
while  Muhammad, (2010), used the
rectangular (channel) model. In this study
however, only the zeroth order solutions will
be presented as these “are more applicable to
physical problems”- Muhammad and Sesay,
(2010). This study aimed at analyzing the
peristaltic transport of a particle-fluid
suspension in the same methods as carried
out by Li (1970) for a circular cylindrical
tube. Whereas in the previous study, a single
phase, incompressible Newtonian fluid was
used, in this case, a particle-fluid suspension,
considered as a Newtonian fluid, is used. The
suspension is considered as a two-phase
fluid, that is, the fluid phase and the particle
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phase. The same calculation processes will be
followed, in each case, with the hope of
getting parallel results as previously
obtained.

MATERIALS AND METHOD
Problem Formulation

A viscous incompressible Newtonian fluid,
consisting of a fluid matter in which uniform
rigid spherical particles are suspended, to
form a two-phase fluid, is considered. The
fluid is assumed to flow through a circular
cylindrical tract (in form of a tube or pipe),
with flexible walls, upon which symmetric,
traveling transverse waves are imposed. The
two dimensional set up of the model, is
shown in figure 2.

121

Figure 2: A Two-Dimensional Tube Under Peristalsis

Definition of Parameters

0] Since a two-dimensional  axi-
symmetrical circular cylindrical tube/pipe is
being considered, a  cylindrical coordinate

system (R,Z )is chosen; with the Z-axis in

the direction of wave propagation,  hence
aligned with the centre line of the tract. The
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R-axis is in the radial direction, normal to
the mean position of the tract walls.

i) U and V are the velocity
components of the fluid phase in the R and
Z directions respectively; while Up

and Vp for the particulate phase.

(ili)  The actual density of the material
constituting the fluid phase is denoted by p,

, While that of the particle phase is denoted by
P, Ifthevolume fraction of the particle

u(q) =
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phase is denoted by Q, then the volume

fraction of the fluid phase will be (1—q).

Hence the corresponding effective
densities will be gp, for the particle phase;

and (1-q) p, for
(iv) The effective viscosity of the
suspension is denoted by £ (Q). For this
the

the fluid phase.

problem, an empirical relation for
viscosity of the suspension is:

1&; Such that: N=0- O?Oexp[z -49q + 1%I_ﬂexp(—l- 69q)}.

Where T is absolute temperature(OK), as presented by Charm and Kurland (1974).

The expected drag coefficient will be

This relation represents the classical Stoke’s
drag for small particle Reynolds
number, modified to account for the finite
particulate fractional volume,

Equations of Motion

The peristaltic motion of the tract walls can
be represented by:

Rzg(z,T):J_{a+bsin27ﬁ(Z —cT)}

; such that ais the radius of the cylindrical

0

122

F :g%/l'(q); such that:

; U, is the fluid viscosity; | the radius of a particle.

through the function A'(Q), as
obtained by Tam (1969).

tract (pipe or tube), b is the amplitude, A is
the wavelength, C the wave speed.

For the motion of the suspension, two
sets of equations, for the fluid phase and the
particulate phase, are considered. The
equations of motion, based on Drew (1979);
Srivastava and Srivastava (1984), are as
follows:
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(a) For the Fluid phase:
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a-an S v v

- -a-0 G m-a G E e | aR(U,-0)

o (2

- -0 %+ m-a e 2 T DL R (v -v) o
oJ U 8V

Continuity Equation: (1— q)(

(b) For the Particle phase:

oR R&Z

j 0. -(3)

U U U oP
U, TV, e | =~ gR (U -U @
qp(@T * 2R "az} G5k * R(U-U) @
N, N, v oP
v |2 _q L gR (Vv -V G
qpp(aT "R Paz} G5z + IRV Vi) ©
Continuity Equati 6Up+Up+8Vp 0 (6)
ontinul uation. — T — | = .
YRR 4l R TR Tz

The boundary conditions that must be
satisfied by the fluid phase on the walls are

27ca

U=0onR=¢£(Z,T);andV ==+

However, for the particle phase, the no-slip
condition may not apply. Thus, even if the
cylinder wall is considered to have transverse

V Vv :+27rca 27

p

123

SnT(Z cT)on R=&(Z,T).

inT(Z cT)on R=7(Z,T).

the no-slip and impermeability conditions.
These can be represented by:

27 ()

displacement only, U , Is not necessary zero

on the walls. Hence the boundary conditions
on the wall will be :

..(8)
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Since the flow is steady and axi-symmetric, we can introduce the stream function, ¥, from

oY b d
Schlichting (1960), such that: U —ia—l}’ ) :i ®;and V :—la—qj, V :—l L

Roz™ * R oZ RoR ° R oR

Substituting these into the two sets of
respective equations and eliminating the
pressure terms gives the following equations:

(a) For the Fluid phase:
- q)p{ 28‘1’ 16‘{’[628‘1’ 2?\{/ 8‘1’] 18‘{’628‘{’}

R R R? 6R
=u V'V RV (¥, - ). .(9)

oT RoZ R ROR o7

(b) For the Particle phase:

_, 0¥ 1
Vit =
qp{ 6T R &z

8\Pp(§28\l’p 2 1 8‘PPJ_16\PD§28‘PP}

-=—VY += —
oR R " R? 6R R OR oL

—2
=qF,V (¥ -V¥,)...00)
0* 0° 190
St =
oZ° oOR° ROR
The boundary conditions on the walls in terms of the stream function will be:

Where 62 =

Y _,
OR
oY
oL 0L A ﬁ,

The expression for the axial pressure gradients can be obtained as follows:
(i) For the fluid phase;
We take the axial flow i.e. equation (2), which is expressed as:

TRV
1—q) 1P __a- Y
( q) az ¢ )( YR” az)
N 1V VoV dF,
1- SNV VARV
H q)V{aRZ RR R azj pf( ) -2

Introducing the stream function in equation (12) gives:
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1 0¥ oY 16‘P82‘{f+16‘11 62‘11

: ,

1P _ g i ov 1ovew 1 L
. 0L R\ 0T6R R?*0Z 0R R 0Z 6R* R OR 0Z0R
1 1 6‘1’ 162‘11 63‘1’ oY
+(1-0) sl p2 2 3 2
R R oR R@R OR 8Z OR
..(13)
LR 1[0, oY
p, RUOR OR
(i) For the Particle phase;
Again, we take the axial flow case, i.e. equation (5), which is expressed as:
8V oV V
ié_P:_q( StV pj + qi(v -V,) ..(14)
P, oz oT oR oz P,
Introducing the stream function into equation (14) gives;
1 oP 1 6\1’ 1 ov, oY, 18‘P 82‘1’ 18‘P 82‘11
p, 0L R 8T8R R2 VA GR R oL 8R2 R OR GZGR
F, 1(o¥ oY,
— q__ - —
p, RLOR  OR -.(15)

Non-Dimensional Formulations

Another process of modification of the
resultant equations as obtained is the
introduction of non-dimensional variables.
This is a common technique used (mostly in
Physics and Mathematics) to formulate
quantities (or variables as in this case) whose
magnitudes will be independent of the system
of units being used, based on the following
axioms; Yavorsky and Detlaf, (1980):

“The numerical value of a physical quantity
A is equal to the ratio of this quantity to its

[A]

A physical quantity does not depend upon the
choice of its unit of measurement. This

unit of measurement [A]. Thusa =

125

implies that when the unit of measurement is
increased g times, the numerical value of the

_ 1 :
quantity is reduced to — times of its former

q

value.

A mathematical description of some physical
phenomenon shows that the functional
relationship between the numerical values of
physical quantities is independent of the
choice of the units of measurement of these
quantities. Consequently, all the terms of an
equation that describe a physical process
should have the same dimensions, since this
enables them to be converted to the
dimensionless form by dividing both sides of
the equation by some constants having the
same dimensions.”
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The non-dimensional or dimensionless same scale to eliminate the dimensions of

variables are obtained by dividing each such variable. Thus the quantities become:
variable by a ‘characteristic’ variable on the
R Z C U V b 4
r=—; zZ=—,; t=—; U=—; V=—. Hence, we have W=— and the
a A A C C a‘c
Z,T
wave function becomes 77(z,t) = c(2.T) :
a

This results in the emergence of new parameters:

e = b (the amplitude ratio); & = % (the wave number); and
a

ap.C ac
Re = (1— q)% = (1— q); (the suspension Reynolds number)

Substituting these dimensionless parameters into equation (9) gives:

r oz or r r or rar oz
11
=— VWV + kV . ...(16
SreV Vi Hak Vi(y, —y). 08

For the particle phase, equation (10) becomes:

Q{Vza‘//p+la‘/jp(v26'/jpgvz +l—al/lpj 18%’ 2%}
ot r oz

r or oz
=qka2(y/—wp). ..(17)

or r Vs r’ or

Where,

2 2 2 2
T T L
Cp, co, oz> or* ror oz° or or\ror

For the axial pressure gradient in dimensionless parameters;
From equation (13) we obtain pressure gradient for the fluid phase as:
(1-q)— a 8P:_( g6 [az 1oyoy 1oy &y 1oy o'y j
c’p otor r* oz or r oz or* r or ozor

f
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2 3 3
L1 1oy 1oy dv o oy
Rer\ r*or ror® ord oz’or

vay Ve v
Xy or or 18)

From equation (15) we obtain for the particle phase:

a @:ql(ézlﬂp _i&’”p oy, +181//p Oy _lal//p 521//')}
C’p, 0z °r

otor r* oz or r o6z or* r or ozor

1oy 9y,
qlpr(ar 8r} --(19)

_akF, . _ak,
Where: X Cp, * A Cp,
The boundary conditions become:
0
o
' atr=1+¢cos2z(z-t); O<e<l
oy Oy, : ..(20)
—= =2zrsin2z(z—t)
oz oz
Method of Solution solutions for the stream functions i and y,

Following Li’s (1970) method, a long wave are sought for in the power series of 6. Such

approximation, where & << 1, is made. Thus that:
2
l//:l//0+5l//1+5l//2+°'~ 1)
2
W,y =W+ O, +0 W, + @

sides of the respective equations; for up to o~
; sequences of equations are obtained as
follows:

Substituting equations (21) and (22) into the
dimensionless equations previously obtained
respectively;  collecting and equating
coefficients of equal powers of & on both

(a) For the fluid phase:
Substituting equation (21) into equation (16) gives:
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1
R—eLt//o+quD(t//po—wo)=0-

1
%Ll//o +quD(l//pl_W1)

3 2
:(1_q) Dal/lo +lal//0 al//30_§al/£0_%al/lo _lal/lo Dawo (24)
ot r oz \ or r or r- or r or 0z
1 oy (V0 - ¥) _
%(LV/Z'FZD?ZO)'FCU{fl: 72 +D(Wp2_l//2)
3 2
:(1_q) Dal/jo +16l//1 a‘//so_gal//zo +£28W0
ot r oz \ or r or r- or
3 2
(1O, 30w, 30vi) 10w, oy, 10V, povi | o
r oz \ or r or r- or r or oz r or 0z
(b) For the particle phase:
Substituting equation (22) into equation (17) gives:
02,D(v, —v,)=0. .(26)
Ow,, 10y,(0w, 30y, 30y
D _ —al D o L = po po v o, po
a7, (% l//"l) q{ ot r oz (ar3 r or> r® or
0 0
1 W”D W”.man
r or 0z

0z°

%{D(% —y,)+ Al ‘Wpo)}

:q D8Wpo+lawp1 83Wp0_§82‘/jp0+3%
ot r oz\ o r o r® or

+18l//p0 a?’l//pl _§62l//pl +ial//pl
r oz \ or* r o r* or

—EaW“D6W”—EaW”DaW“.NQm
r or oz r or 0z
Where . and y are as defined above;
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o° 10 6(16) o' 208 3¢
. =r— -and L=
or r or or\ror

Under this expansion therefore, the corresponding boundary conditions become:
At r =1 =1+ € cos f3; suchthat S =27(z—t);

or or  or
0 0 : )
Vo _ W0 _ 27 ersin g (i) ..(29)
0z 0z >
0
oz oz
0 0
Ve =¥ _p; ™
oz 0z
For the Axial Pressure Gradient: coefficients of equal powers of & on both
o _ _ sides of the respective equations a long wave
Substituting equations (21) and (22) into the approximation for the axial pressure gradient
dimensionless equations (18) and (19), can be obtained in the form:

respectively; collecting and equating
op 0 0 0
_p:ﬁ+5£+52&+. ..
oz 0z 0z 0z

(a) For the fluid phase:

From equation (18), substituting equation (21) and comparing with equation (30) gives the
following sequences of equations:

..(30)

op,_1( 1oy, 10, 1&° 10(Wp V.
(1_q)ﬁ:_ T ;(f—w. ..(31)
oz Re\ r  or r° or r or r or
(1- )%:162% Loy, 0y, , 10y, 0y, 10y, 0y,
0z rorot rP oz or r* oz or* r? or ozor
1( 1oy, 10w, 18y 10(v,,-v,)
+—| - t | = ———....(32)
Rel r" or r° or r or r or

(1_q)%:182w 1 (8% oy, ﬁ%al/foj

oz rorot r*loz or oz or
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(0w Oy, Oy, Oy, ) 1[0y, Oy, Oy, Oy,
r’\ oz or’ oz or? r’\ or ézor or ozor

LA Low, 1y, 1oy, 13y, 100.-v.)
Rel r*or r>or® ror® ro’zor “r or

(b) For the particle phase:

From equation (19), substituting equation (22) and comparing with equation (30) gives the

following sequences of equations:

. ..(33)

q%Pe_ gy, 1OW Vi)
oz ' r or ..(34)
q%:q& 1821//’)0 _ia‘/’po o +i8(//p0 azl//po _i@l/lpo a?-l//po
0z p.\rorot r* oz or r® oz or’ r® or ozor
10(y,—y
_qu_M_ ...(35)
r or
P _ g P10V 10V, 0¥, Oy, Oy
0z p.lrorot r’\ oz or oz or
i al//pl 82l//po + al//po 82l//pl
r’\ oz or? oz or’
_i aWpo 82l//pl + al//pl azl//po
r’\ or ozor  or ozor
10\y,—v
_qu_(Z—pZ). ..(36)
r or
investigated for  time-averaged  flow
RESULTS quantities.
The sequences of the differential equations In this study however, we restrict to the
are solved in stages to obtain values of y zeroth order solutions only. These are the
and y/, and consequently the other flow solutions that represent the limiting case of

parameters; the axial flow velocities, volume 6—0. Since the distance z is measured by a

flux and axial pressure gradient. The various
stages are termed zeroth, first and second

order approximations, with suffixes 0, 1 and scale of wavelength A, the complete wave
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conditions when the limit process 6—0, with
(r, z,t: &, Re) fixed, is taken. Hence “the
zeroth order solutions represent meaningful
limiting solutions for very long waves”. Li,
(1970). “The zeroth order solutions are more

applicable to physical problems”.
Muhammad and Sesay, (2010).

From equation (26), we have q)(pD(l//O - y/po) =0 = D(l//o - l//po) = 0. Substituting into

(a) For the fluid phase:

equation (23) gives: Rie Ly, =0;or Ly, =0,
ot 2¢° 30 30
s T At o AT o 0
or r or r- or r or

The general solution will thus be: 7, = A(z,t)r* + B(z,t)r’ + C(z,t)r* + E(z,t)r,

Where A, B, C, E are constants of integration.

The boundary conditions and the symmetry function in r . Hence B(z,t)=E(z,t)=0.
conditions would demand that ¥/, be an even This gives a general solution of the form:
4 2
v, =A(Z,)r + A(z,H)r -(37)
Where A and A, which are constants of found to satisfy the following simultaneous
integration which, as presented in Li, (1970), equations:
on applying the boundary conditions, are
oA oA, i .
3
—+n—==2r&sIn I
7 oz g oz p 0 ...(38)
2n°A+A, =0 (i)
Solving the simultaneous equations (38) gives:
1 1 1 .
A =—4(C(t) +=g +gcos,8+—gzcosz,8) (i)
n 4 4
5 L L ..(39)
A :——Z(C(t) +=&t +gcosﬂ+—520032ﬂj (i)
n 4 4
The arbitrary function of time, C(t), arises related to the volumetric flow, hence will be
from integrating with respect to z. It is determined later.
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The instantaneous axial velocity,V,, can be obtained from equation (37)

(recall: v:—%aa—rj. SV, = —4All’2 —2A, ...(40)
Substituting for A and A, gives:
4 1 1 r’
V,=—| C(t)+=¢&’+ecosf+=¢£°cos2p || 1-—
; 772( (t) 4 p 2 ﬂ)( 772) ..(41)

To find expression for the axial pressure gradient, we add equations (31) and (34) to obtain:

2 3
®,_1f 1oy, 13y, 10y) @
oz Re\ r or r°or r or
- - : . 0p, 1
Substituting for i/, as obtained in equation (37) gives: 6_ = —%16A1. ...(43)
yA
P _ iﬁ(ca) +132 + gcos,8+lg2 cosZ,Bj
oz Ren 4 4 .(44)
(b) For the particle phase:
Starting from equation (26) gives : D (1//0 - l//po) =0.
o(1lo 10
r—| —— - =0;0or ——— - =k . ...(45
ar(r 8rJ(W0 "U"O) r@r(w0 W"O) g 49
Following the symmetry condition as mentioned earlier, we have:
1. .

Voo =W, _Ekpr : ...(46)

Also, from equation (45);
10 10w

= a‘/:o +F arpo =k,;then v, —v =K . Thus: v, =v, =K. ..(47)

To obtain kp , equation (45) is substituted into equation (34), which gives:
16
k,=- A; ...(48)
Rey,
or k, :—ii{C(tngz+gcos,8+lezcoszﬂ} ...(49)
Rey. 7 4 4
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However, it should be noted that kp is purely Differentiating equation (46) with respect to

a function of t only. This can be shown Z gives.

below:
al’”po — 8!//0 _ 6kp r:
0z oz o7

ok 0
From boundary conditions (29) (ii); —>7 =0, thus —>=0.

0z 0z
Integrating with respectto z therefore, gives: To find expression for the instantaneous axial
kp = kp(t), Henceforth it will be velocity for the particle phase, we consider

represented as such. equations (40) and (47), from which we have:

Vo, =V, —K_; hence Vo = _4A&r2 —2A, — kp ..(50)

The instantaneous volume flow rate, which is Substituting for %0 as obtained in equation

usually referred to as volume flux, denoted (46) gives:

by QO is defined as:

Qo — _27Z-|:(1_q)Wo =+ q[Wo _%kp(t)rzj:|

r=m

1 :
— 27| yry — S ak, O |

r=m

Substituting for Yo as obtained in equation (37) gives:

Q, = —Zyz[Alr“ + Ar? —%qkp(t)rﬂ

2 2 1
Thus: QO - _272-77 |:A177 + AZ _Eqkp(t):| . ...(51)

Substituting for the values of A and A, as obtained in equation (39) gives:

Q,= Zﬂ(C(t) +%82 + 5cosﬂ+%52 CoS 2,8) +ozk (On°.  .(52).

Before proceeding to the next stage, let us summarize the zeroth-order flow quantities so far
obtained;
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Q) Thé instantaneous axial velocity for the fluid phase (equation (41)):

4 1 1 r
Vv, = —Z(C(t) + =g’ +gcosp + —SZCOSZBJ(I - —Zj
n 4 4 n
(if) The instantaneous axial velocity for the particle phase (from equation (50)):

Voo =V, - K (t); where K (t) = -%%[C(t) + %82 +gcosP + %SZCOSZB]

f
(iii) The axial pressure gradient, which is common for the whole suspension:

0 1 16 1 1
P, — ——| C(t) + =&” +ecosp + —&"cos2p
0z Ren 4 4
(iv) The instantaneous volume flow rate or volume flux, which is common for the whole

suspension as given in equation (52):

Q, = ZH(C(t) + %82 +gcosp + %szcoslﬂj +qnk (O,

It can be noticed that the arbitrary constant of be fluid velocity, such that Vv, # 0, which is

integration C(t) is appearing in all the a confrary case.”

expressions. Its value will obviously depend

on the type of study model. From Li, (1970), However, since this study is strictly based on
“it relates the axial pressure gradient to the Li’s (1970) model, “the case of C(t) = C,.a
instantaneous volume flow rate. For the pure constant, is considered. This
special case, C(t) =0, the flow is due solely corresponds to the case of imposing a

constant volume flux through the tube in

to peristalsis, because V, =0 if £=0."
addition to that due to peristalsis.”

Also, from Muhammad and Sesay, (2010),

where the case of pure (natural) peristaltic Time-Averaged Flow Quantities

flow, with no initially applied external

pressure gradient, is strictly being We will need to investigate the behavior of
considered, it is obvious that C(t) =0. This the results of the respective flow quantities

averaged over one period of the wave motion.
By this, we are kind of considering some
particular constant volume flux of the flow.

is because, if £ =0, a case of no amplitude,
then v, = 0. On the other hand, if C(t) #0

, It implies that there is an applied external The mean flow quantities averaged over one
pressure gradient, which contradicts the period are obtained by integrating with
earlier assumption of a pure peristaltic flow respect to time over one period of wave
from an initially stagnant situation, because it motion.

will imply that even if & =0, there will still
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Recall that: 7 =1+¢&c0s27(z—-t).
Hence, by Spiegel, (1968), Zien and Ostrach,

(1969), and Li, (1970) methods we have: hol cos2z(z—t) dt :l[l_ (1_ 52);}
0 n £
1g=(1—82); : 3
017; | IO1005277;§z—t)dt:%8(1_82)_2
t 1 3
0?:5(2+32)(1—52)2.
5
dt 1 2 cos2z(z —t) 3 5
:FZE(ZHZ)@_‘QZ) 2 I:Tdt = ell-£)
- cos2z(z—t) 5 7
:%=%(2+52)(1—52)% e L

Thus, \/_0 the mean axial velocity for the fluid phase is defined as: \70 = J.:VOdt :

3

_ 3 3 7 3
=V, = 2{1—(1—82) : +K1+Egzj(1—52) ?—(1-¢7) Z}rz
3
+C,(1-2") 1| 2- (2432 (1-&) r}} 3
The mean axial velocity for the particle phase is defined as: \_/pO = I:Vpodt.

~ 1( 16 K
= Vo =E[m—4r2J(l—gz) {(8C, +2¢7)(2+3¢7)

+(8+ g)Kz +‘%2J(1— &*) —(2 +352)}}

1 3
(1= ') 2[8C,-6c*(1+e)] (4

135 Muhammad A.B et al., 2019



Bima Journal of Science and Technology, Vol. 3(1) July, 2019. ISSN: 2536-6041

'Iam-'ir.o
= > 4

The mean axial pressure gradient for the whole suspension (which is common for both phases) is

defined as: %F)ZO ;aapZO dt.
v, _ 4
= Re[ &(1-2¢%)- 200(2+352)](1—52)2}_ -(55)

The mean volume flux for the whole suspension (which is also common for both phases) is defined

as: 60 - j:Qodt :

— & 167 & 2
= Q,=-27|C +-— |- C, + 8 (1+6)(1-¢4)?
Qo ( 0 4j ZfR |: 8 ( )( ) i| . ...(56)
The above equation can be re-expressed as:
1 2 1

Q,=-2x 1+qi(1—52)2

(14 )(1-52) 2
R Al I (L+e)1-¢*) 2t o7

From which we have:

C, - {1+8q80 (1—52);} {&J;Jr S, (1+ g)(l—gz);} . .59

2r
Where S, = :
xRe
Substituting the value of C, the mean axial expressed in terms of the mean flux Q;, as
velocities and pressure gradients can be follows
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{2Q°+842+q8032(1+3)(1—82);} ,
L2z : (1—52)2[2—(2+352)(1—52)2}r2 . (59)

{1+ 89S, (1- 52)‘2}

Uso =(ﬁ—%r2)(l—52); {(8+5)K2+%2](1—52)2 —(2+352)}

Qo 82 2 2 _%
2 8|:2+4+q508 (1+¢)(1-¢%) }

+(2+3¢%)| 2¢* - d -
{1+8q80 (1—52)2}

1

Qo ? 2 2\
+g4+qSOg (1+¢)(1-¢7) }

—Z(1-¢&%) 7| 6 (1+ &)+ 8{

1 : 2
> g ....(60)
[1+8qso(1—52) 2}
Q¢ 3
5 4 2(2+352)[2°+4+qsOgZ(1+g)(1—gZ) 2} )
Po _ % e (7-2¢%)+ d - (1-¢%)>
oz Re 2\
1+80S,(1-¢%) >
...(61)
DISCUSSION of the radius of the flow tract (tube/pipe).
This is so, even for the particle phase
Observing the various results obtained for the (equation (50)).
fluid ph_ase of the SU_SPE”SiO”’ th_e res_ults It is interesting to note that, in all the results
agree with those of Li, (1970), with slight obtained, (equations (41) — (50)); even for the
modification, as would be expected. It is case of time-averaged flow quantities
obvious that the modification arises due to (equations (53) — (57)); except for the volume
the interacting term between the particle and flux, equations (52) and (57); are independent
fluid phases. Equations (41) and (30), of the particle volume fraction, q. It is clear

confirmed the assertion that the axial flow

o . that if the volume fraction, q, if made zero,
velocity is directly proportional to the square
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it becomes a clear case of single-phase fluid.
Hence one can conclude from this study that,
the fluid type, as long as it is regarded as a
Newtonian fluid, does not adversely affect
the outcome of results. That is to say that any
suspension, as described in this study, may
conveniently be considered as a uniform
single-phase fluid with little effect on the
flow quantities, the drag effect of the
suspended particles notwithstanding.
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