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-SUMMARY

The available experimental data for the horizontal settling velocities of suspensions
with particles of small size have been collected. These have been compared with the velocities
calculated from the several equations existing in the literature for predicting horizontal settling

velocities. No consistent agreement between the experimental and calculated velocities has been
found.

Using the effective density ratio, defined as the ratio of the difference in deasity
between solid and liquid to the density of the liquid, the experimental values have been correlated

satisfactorily. Further data are needed before a generalised correlation for suspensions can be
established.
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1. INTRODUCTION

Exp erimental work has been in progress for 12 months on the fluid dynamics
of susp ensions with particles of small size and high density. The exp erimental
information is being obtained using susp ensions simul ating those likely to be used
for the L.M.F. susp ension typ ¢ reactor.

Susp ensions of tungsten powder in water (2), and precip itated barium sul phate
in water (3), have been pump ed to simulate conditions for the systems U~Na and '
UBe]3— Na respectively. Susp ensions of red l ead in water have been pump ed al so,
to p rovide settling velocity data in the intermediate density range.

In the literature exp erimentally determined horizontal settling or susp ending
velocities are avail abl e for only a few susp ensions with particles of small size.
Small sized p articl es are defined here as particles which have a distribution with
85 percent by weight of the p articles having diameters no greater than 80 microns.
The systems with particles of small size studied previously are U02-NaK (1),
Iime—water (11) and ThO2—water (8). Several emp irical equations are available
al so in the literature for predicting horizontal settling, suspending or transp ort
velocities.

This report deals with one asp ect of the simul ated susp ension work and
comp ares the calcul ated settling velocities using the existing equations, with
experimental ly determined settling velocities. An attempt is made to correlate
the exp erimental values in terms of the effective density ratio, defined as the
ratio of the difference in density between solid and 1 iquid to the density of the liquid.

2. PARTICLE SIZE

The equations from the | iterature usually have been derived for particles of
uniform size and shape. In most susp ensions there is a wide particle size
distribution and the particl e shape varies. Often it is not passible to evaluate
even the largest p article diameter present. The particle size distribution itself
will vary with the method of particle size analysis used for example, there is no
correl ation between microscop ic counting and sedimentation techniques of size
anal ysis for particles | ess than 20—30 microns.

It is considered that the particle size distributions obtained by a sedimentation
technique, giving Stokes’ diameters, in the fluid to be used in the pump ing exp eriments
mote likely app roach those actually present in the pump ed circuit. These have been
used where available. However, the effect of agglomeration on the particl e size
distribution, as noticed by Abraham et al (1) at 5000C with the UQ3~NaK system is
unknown. The de—agglomerating effect of circulation through pump s and fittings is
anknown also. No method is available at the present time for determining particle
size distributions during circul ation.

For the putp oses of comp arison with the existing equations for horizontal
settl ing velocities, both the 85 percent and 50 percent undersize diameter have
been used as suggested by Spells (11). These are designated as dgs and ds50
resp ectivel y. The selection of these diameters is purely arbitrary and there may
be a better mean effective diameter to use. Since the sp hericity of the p articles
in the susp ensions is unknown, no correction can be made for particle shape, As
the surface prop erties of the various solid particles considered are unknown al so,
the effect of p articl e wettabil ity cannot be determined.
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3. EXPERIMENTAL HORIZONTAL SETTLING VELOCITIES

Table I gives the data available for horizontal settling velocities for
susp ensions with particles of small size,

Particle size anal yses of the tungsten and barium sulphate were obtained using
the Andreasen sedimentation technique with water as the susp ending medium.

The lead oxide~water settl ing vel ocity data were obtained with the ap p aratus
described in reference (3), Particle size anal ysis of the lead oxide using the Andreasen
pipette was not possible because of irrep roducibility. The dry p owder, however, was
95 p ercent by weight less than 325 mesh (Tyler) wet screened.

Particle size analysis of UQ2 shown in Table I were obtained using a
sedimentation technique (1) with radio—activated U002, The suspending medium used
is not rep orted by Abraham et al, and the original reference is unavail abl e at the present

time (7).

The method of particle size anal ysis used for the lime is not reported by Spells
(11). The thoria particle size anal ysis was made **by a modified pip ette method using a
centrifugal field to produce sedimentation instead of a gravitational one’’ (9). The
susp ending medium was water with Calgon as a disp ersing agent.

4. COMPARISON WITH LITERATURE EQUATIONS

(a) Davis® Equation

Davis (5) defined an initial mixing velocity as the velocity at which particl es

commence to be taken up in suspension by a clear fluid p assing horizontal ly over them.
For a spherical particle he derives: ~

Uo = 655 (o-p) 4 (N
P

where Up= the initial mixing velocity, ft/sec.
o = specific gravity of particle
= sp ecific gravity of fluid
d = particle diameter, feet
Table Il comp ares the cal cul ated velocity from equation (1) with the exp erimental
values, The agreement is p oor. :

(b) Dallavalle Equation

Dallavalle (4) has given an equation for the transp ort vel ocity of cinders,
carbon, anthracite and quartz in air for horizontal flow. The maximum particle specific

gravity was 2.65, giving a density ratio of 2200 to 1, and the particl e sizes varied from
0.04 to 0.16 inches, =
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V.= 6000 (_F_ > | (2
(p+l )
where V = transp ort velocity, ft/min.
P =  specific gravity of solid
d = diameter of the largest particle, inches

USiﬂf the 85 percent undersize and 50 p ercent undersize particle diameters equation (2)
gives the velocities shown in Table IIL

The agreement between calcul ated and exp erimental velocities is again p oor.

(c) Equation of Durand and Condolios

Durand and Condol ios (6) have given the following equation for estimating the
limiting vel ocity for deposition of sol ids in water: :

VL = FL./2,Dp (P ~p) (3)
where VI, = limiting velocity, ft/sec
Fi. = constant depending only on concentration and size

of the particle
= acceleration due to gravity, 32,2 ft/sec2.
= pipe diameter, feet

sp ecific gravity of solid

[}

n

8
D
pl

f specific gravity of water

This equation is not applicabl e to all the water systems available since useful
values of the constant F[, are not given by Durand and Condolios for sizes below 50 microns.

{(d) Eguation of Newitt et.al

Newitt et al (10) have given an equauon for calculatm&I the velocity at which
the transition between their ”heterogeneous ' susp ension and ‘"homogeneous’’ fl ow occurs,
The equation is:—

1800 gDW ‘ (4)

Vy3 =
"where VH = transition velocity, ft/sec.
g = accel eration due to gravity, 32.2 ft/sec?
D = internal diameter of pipe, ft.
W | = exp erimental particle terminal velocity, ft/sec.

The authors give another equation for the transition. veloc:ty between fl ow by
saltation or a sliding bed and as a heterogeneous susp engion. This is: ~
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VB =  17W (5)
where VR = transition vel ocity, ft/sec, -
v ® exp erimental‘.particle terminal vel ocity, ft/sec,

Table IV gives the results of the comp arison between the calcul ated
velocities from equation (4) and the experimental velocities. There is no agreement,
As experimental terminal velocities are unavail able for the systems considered, they
were calculated. Horizontal settling vel ocities cal cul ated from equation (5) resulted
in no agreement also. :

(e) Spells Correl ation

Spells (11) attemp ted to correlate a minimum vel ocity, defined as the lowest
velocity below which turbul ence is insufficient to maintain al ! the particles in susp ension,
in terms of a modified Froude Number and the Reynolds number. He assumed that: —

. [
Vm2, P = g,5(Dvm P-)
M

gd (o-="p)
where V%  minimum vel ocity, ft/sec.
gr = acceleration due to gravity, 32,2 ft/sec?
d = parnticle diameter, feet
fol = density of medium, Ib/cu.ft.
o = deunsity of sol id, ib/cu..ft., )
D =- internal diameter of pipe, feet
o = Density of slurry, I b/cu.ft.
e = susi) ension viscosity (takenby Spells as equal

*

to the medium viscosity). 1b/(ft)(sec.)

Table V shows the calculated data for the Spells type correlation and figure (1)
plots the results. There is no agreement between Sp el 1s*l ine shown in fiﬁure (1) and the
systems studied here, However, some imp tovement could be exp ected if the suspension
viscosity were used in the Reynolds number, This is difficult to attempt since other
. workers do not give sufficient detail s to eval nate accurately the susp ension viscosity,

Attemp ts to imp rove Spells correlation using the particle Reynolds number were
made. The data were recal culated replacing the pipe diameter in the Reynol ds number
with both dg5 and dsg, but no imp rovement in the correlation was obtained,

(f) New Methoed of Correl ation

If the data shown in Table I are plotted as effective density ratio, ( 0-p) / p,
versus horizontal settling velocity, the |ine -shown in figure (2), can be drawn, This infers
that particle size distribution bas little effect on the settl ing velocity and that for suspensions
with particlesof small size, the horizontal settl ing velocity is determined by the effective
density ratio. '



If the data of Hitchon for the settl ing vel ocity of ThO? in water is omitted, the
correl ation is imptoved., Concerning Hitchon's work, it is considered that the settling
vel ocity he determined was not the velocity at which settling on the bottom of the pipe
first occurred, and it is felt that the value of 1.4 feet per second is low. This is because
the radiometric method of determining the p oint of settl ing consisted of setting .the scanning
unit above the bottom of the pipe, not at the bottom of the pipe. Also, the use-of a stainless
steel pip e and the rather |l arge collimating slit of 1/8 inch on the thul ium 170 source side of
fihe travdersing gear would not enable the velocity at which settling first occurred to be

etected.

Considerably more experimental data are needed to determine the limitations of the
plot shown in figure (2).

5. FURTHER WORK

Further work would have to cover: -

(a) Experimental determination of the effect of different diameters
on the horizontal settling velociry,

(b) Experimental determination of the effect of concentration on the
horizontal sectling velocity.

(¢} Modification of the Spells correlation to include effects of viscosity
and concentration of susp ension.

{(d) Further calcul ations using the p article Reynolds number.

This work should provide the additional data required to provide a generalised
correl ation for suspensions. :
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TABLE 1

EXPERIMENTAL DATA ON HORIZONTAL SETTLING

‘Y_ELOCITIES' '
M Particle Pipe - Exp erimental 7
can . - Internal Horizontal
System Temp “C |Diameter Density Diameter - Settl ing
Microns g/cc Inches Velocity

ft .

dgs .|ds50 /sec
W-H,0 (2) 43 125 3.6 19.3 1.0 2.6
BaSO4—H20 (3) | 35 35 30 4.5 1.0 1.6
_ Pb304—H20 37 - - 9.1 1.0 2.2
UO,-NaK (1) 25 3.5 2 10.79 0.44 2.1
U02—NaK (1 450 3.5 2 10.79 0.44 2.4
Lime—Water (11)| - 80 56 2.0 4.0 0.9
ThO2 “Water (8) | — - 2.7 9,69 - 1.4

TABLE I
COMPARISON WITH DAVIS (5) EQUATION
Calculated U .
Mean o | Exp erimental
System Temp °C o P Cle-p ft/sec. _ .ft/s%c.
d=dgsid = dsg
P feet feet

W—Hzo 43 19.3 1.0 18.3 0.18 0.096 2.6
BaSO, —-H0 35 4.5 1.0 3.5 0.13 [0.12 1.6
Pb304——H20 37 9.1 1.0 8.1 - - 2.2
UO0,-=NaK 235 10.79 } 0.86 11.5 0.075 |0.057 | 2.1
UOz—NaK 450 10.79 0.76 13.2 0.081 |[0.061 2.4
Lime-Water - 2.0 10¢ | Lo 0.11 {0.089 | 0.9
ThOZ—Water - 9.69 1.0* 8.7 - 0.058 1.4

* Assumed temperature was 200 C,




TABLE IIf

COMPARISON WITH DALLAVALLE (4) EQUATION

:System Calcul ated Exp erimental
v ft/sec,
ft/sec.
d-« dgg d = dgq
inches inches
W-H,0 4.5 2.8 2.6
BaS0,-H,0 5.9 5.5 1.6
U0,~-NaK 2.6 2.1 2.1-2.4
Lime—Water 6.7 5.8 0.9
ThO,-Water - 2.3 1.4
TABLE 1V
COMPARISON :WITH EQUATION {4) OF NEWITT
ET AL (10)
System Terminal Calcul ated Exf erimental
velocity VH " Velocity
w ft/sec, fr/sec,
ft/sec,
dgs 450 985 50

¥-H,0 0.0082 0.00068 3.4 1.5 2.6
BaS0,4-H;0 0.0106 :0.0078 3.7 3.4 1.6
UO,-NaK, 25°C 0.00029 0.000095 | 0.9 0.6 2.1
UOszaKASOQC 0.00107 0.00035 1.3 0.9 2.4
Lime—Water ¥ 0.0114 0.0056 6 4.8 0.9

* Assumed temperature was 20°C.




TABLE V

CALCULATED DATA FOR THE SPELLS (11)

CORRELATION

System

Modified Froude No.

Reynolds No.

vioo. p pv_ g
gd (o -p) e
d = dgs d=dsp

W%-H0 278 970 34,000
‘BaSO4-H,0 196 229 19,000
U0,—NaK, 25°C 1040 1810 12,300
U0, -NaK, 450°C 1180 2070 47,000
‘Lime—Water* 96 137 28,900

* Assumed temperature was 20°C.
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