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Precipitation of Suspended Particles on Tube Walls
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Abstract: In this article, the steady state convective diffusion equation for the suspended particles in a suspension is
solved for tube flow. Linear concentration drop and uniform axial velocity are assumed. An experiment is designed
to measure the concentration at exit and the rate of precipitation on a wall is also measured experimentally after a
sufficient time of flow. Accordingly, the diffusion constant is determined and the resulting of area of contraction due
to this precipitation is calculated and hence the complete blocking time. This model is suggested for fat precipitation
on walls of blood vessels in vivo and the precipitation of sault on walls of water tubes in boilers.
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Introduction and 677 @ is the mobility of spherical particles and
Theoretical and experimental investigations are is due to Stoke’s [2]

required for the problem of precipitation of
suspended particles on the inner walls of tubes
carrying rich suspensions of fine particles. Here, we
list two important applications of this investigation.
The first is the precipitation of fat on the tubes of
blood vessels in living humans. The second is the
precipitation of saults on the walls of water tubes in
boilers. Theoretical derivations are based on steady
state conditions, which imply constant values of
different parameters in the required experiments,
which necessarily extend for long times since the
precipitation process is rather slow. Two experiments
are needed in this case, determining the diffusion
constant and the measurement of the precipitation
rate.

As we accept molecular diffusion as the mechanism
behind these two phenomena as explained in the
Appendix, we look for theoretical estimates. Aside
from limitations on viscosity and temperature, the
only listed estimate of the diffusion constant is due to
Einestien [1] in which he defined the diffusion
constant D as the ratio the thermal activation of
particles to its mobility in the medium, i. e.

Literature review:

As far as could be surveyed in literature, only the
study of Wang et al. [3]for the computation fluid
dynamics approach to the effect of mixing and draft
tube on the precipitation Barium sulfate in a
continues stirred tanks could be cited as an analytical
study. Next we mention the paper by Chen et al. [4]
on the interaction of macro and micro mixing on
particle size distribution in reactive precipitation.
Manth et al. [5] made experimental investigation of
precipitation reactions under homogeneous mixing
conditions. At last, we refer to the work of Pohorecki
et al. [6] on the use of new model of micro mixing for
determination of crystal size in precipitation.
Specifically speaking precipitation in narrow tubes
could not be cited in literature.

Formulation of the problem

Now we proceed to design the experiment for
determining the diffusion constant and the time of
complete blocking of the tube carrying a rich

suspension.
— KT 1) Consider a long narrow tube of radius I, before
67 ua precipitation and I < T, after precipitation at
Where, K =1.3807><10_23 J OK_l is the timet. The length of the tube is L and the
Boltzman constant in Joules per degree Kelvin, concentration at inlet is C, while due to precipitation
T is the absolute temperature in degrees Kelvin, this concentration will be C < C,, the uniform steady

M is the viscosity of the suspending of the
suspending medium in poise, @ is the diameter of the
particles in meters, KT is the thermal activation

velocity in the tube is U and the yet unknown
diffusion constant is D .
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Since the tube is long relative to its inner radius,
we can assume linear concentration gradient with the
tube length as

oc ¢ —C
—==-2 <0 (c,—¢c,)<0
oz L
The equation describing the variation of
concentration inside a tube is given by [7]
oc
s DV’ + V-(cu) 3)

This is the general equation for convective
diffusion. For our case three simplifications are valid:
1. Steady state distribution is time independent ,

oc
2 =0
ot
2. Velocity is uniform inside the tube U along Z ,
oc
V. (C g) =u 8_ since velocity is also axial.
Z

3. Linear concentration drop with Z ,

, 1o oc e .
VeCc=——| r — | and in this expression
rori or

2

>~ Vanished for linear drop with z .

0z

The reduced equation for the concentration
distribution is

3grac_£%—q
ror

or) D L
The first integration of this equation yields
Kk

oc
el +—, Kk, must be set zero for
or 2 r

=’ >0 (4)

oc _ _
bounded a— at =0, the second integration
r

2
r
gives C(f)zazj forc=0 atr=0,

which is almost the case. The I' average of C is

given by:
2 a 2 2
- a1 a‘a
c="———[ 2zr®dr ==——=c,. since
4 ra’y 8

we considered the area @ , which is the case at entry
before any precipitation. Accordingly
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Which, is the value of the drop in concentration;

the product a° u(c, —¢, )=8¢, D L is equal to

the precipitation rate and can be measured
experimentally measuring the two concentrations

C, and c; at the entry and the exit of the tube and if
divided by 8 C, L, the coefficient diffusion D can

be estimated as

2
D:g 1_& (6)
8L C,

We proceed now to calculate the variation in
radius as a drop due to precipitation as

2
grc,DL—-Lz3"
dt

C, —C, ®)

which is

integrated  * = I’02 -8¢c,Dt ; t is the
observation time. Complete blocking occurs when
2
I
0

8Dc,

The results in Equations (6) and (7) are very
useful for the applications.

r>0att as t =

Comment

In this paper, we succeeded in designing two
experiments to measure the precipitation rate and the
diffusion constant. Measurements must be made
after a sufficient time to ensure the steady state.
Initially rich suspensions will help reduce the
observation time also long narrow tubes.

The precipitation rate can be obtained by
measuring the tube weight before and after the
precipitation. Division by the specific weight is
necessary if the volume concentration is considered.
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Appendix
Analytical verification of Fick’s law:

If the relation ( oc—V C between the flux
vector (| over @ unit area and the concentration
gradient V Cexists, The constant D (the diffusion
constant) in Fick’ slaw ¢ =—D Vc, D is

physical. For this purpose, the following model is
made.

Consider a cylindrical vessel of unit area and unit
height; initially filled with uniform suspension of
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1
concentrationz. In the absence of any external

force field acting on particle (Buoyancy neutralizes

gravity) [8], the conditions on the bottom C|Z:0 =1

oc o _
and — =0 will give the solution of
oz|,_,
oc o’c 1
E:D 557 with  ¢(0, Z)ZE as [7] :
c(t,z)= 1—lerf (;) by similarity, now
’ 2 "2,/Dt ’

1
let us consider the level z :E for all times, we have

C(t,%)z 1—1erf (L) , this implies

2" ‘4Dt

1

2 4,/Dt
2
— [ e*du.

T o
Differentiate both sides with respect to. t then

1
2 [1—C(t,5)] =

8\/7T_D t3/2 d C(Ctlitll 2) :e—ll(lﬁDt)

Both sides are positive and ast— oo, the
LH.S.=1=0x0=RH.S. as C(t1/2) is

constant and therefore D is physical and we attempt
an evaluation for it.
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