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Abstract

Additional data have been collected for the horizontal settling velocities of small
particle suspensions. The effect of concentration, pipe diameter and effective density ratio
have been determined,

In almost all .cases a moving bed is formed before a stationary bed. For small con—
centrations, .up to.several percent by volume, the effect of concentration is negligible.

The following empirical equation holds for the moving bed and stationary bed conditions:—

0.2 0.3
va = oy (LAl
( [ )
whete a = 1.0, b = 19fora moving -bed
and a = 0.85, b = L6 for a stationary bed

This equation applies for effective density ratios of 1.7 to 18.3 and pipe diameters of
¥—~in. to 2—in,

The Reynolds number of a suspension is not a true indication -of the degree of turbulence
or particle suspension,
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1. INTRODUCTION

In the course of previous A.A.E.C. work (5), (6), (4) on dilute suspensions of small
patticles, the horizontal settling velocity has been experimentally determined for a number
of systems in a 1—in. pipe and a new empirical correlation has been presented (3).

“To extend this correlation to include the effects of concentration and pipe size, further
experimental data were required, and these are presented in this report.

: For a variety of pipe sizes and concentrations data have been collected for the systems
red lead—~water, barium sulphate—water, tungsten—water and talc—~water, The solids used covered
a wide range of density, 2.7 to 19.3 g/cc, and were readily available in the subsieve size range,

Dicon pipes were used of ¥%—in., I~in., 1%—in. and 2—in. nominal internal diametér, and
mean concentrations of approximately 5, 10 and 15 percent by weight of barium sulphate and red
lead, and approximately 9 percent by weight of tungsten and talc were circulated,

2. EXPERIMENTAL APPARATUS

The loop used is shown in Figure 1, and was similar to that used for the work on barium
sulphate in a 1—in. pipe (6). The loop was modified to allow for the interchange of different
diameter test lengths in the top horizontal section,

The pipe supports for.the top horizontal section were changed to adjustable Vees to
facilitate levelling and straightening of the various test pipes and each test pipe was fitted with
sujtable reducing pieces for ease of installation and to eliminate sudden changes of section. The
diameter of each test pipe was measured at both ends, before and, in most cases, after the settling
velocity experiments, The diameters were also calculated from the volume of water held by the
pipes. The results are given in Table I. The lengths of the test pipes were approximately ten feet,
and the full lengths were observed to determine the bed condition,

The projector used previously was not available for all runs but satisfactory illumination.was
dbtained by the use of a 500 wartt Barton Foto—Spot spotlight in conjunction with a 150 watt lead—light.

~ No difficulty was experienced in maintaining the suspension concentration constant except
for the tungsten suspensions when an extra agitator was required. The mean concentrations circulared
are included in Table L The method of loop operation and collection of results was similar to that used
previously, except that samples for total suspended solids were usually taken when the moving bed
condition occurred.

When the ¥%—in. pipe was in circuit settling occurred in the 1—in. sections of the loop before
the %~in. section. In.order to measure the horizontal settling velocity in the ¥~in, section, it was
necessary to allow approximately 15 minutes for the bed in the latger sections to become stable,
Samples were taken at the beginning and end of the discharge for the red lead—water system and no
significant concentratjon difference was noticed. For all other systems in the ¥%—in. section, samples
were taken half way through the discharge.

For red lead, barium sulphate and talc in 1—in., 1%—in. and 2~in, pipes, samples were taken
after the start of discharge. For tungsten in 1—in., 14—in. and 2—in. pipes, it was found more con—
venient to sample after circulating at high velocity immediately before each run,

The red lead used was the "non-setting' grade supplied by Commonwealth Litharge and Red
Lead Pty. Ltd., of Sydney; the barium sulphate was Blanc Fixe manufactuted by Farbenfabriken
Bayer, A.G., of Getmany and supplied by H, H, York and Co., of Sydney; the tungsten powder was the
2 micron grade (microscopic count) supplied by Broken Hill Proprietary Ltd., of Sydney, and the talc
was the T.S. pharmaceutical grade supplied by Austral Rock Milling Pry. Ltd., of Sydney,



Particle size distributions of all the powders were determined before use and the
results are given in Table T The Andreascn pipette method with water as suspending mediom
was nsed for the barium sulphate, tungsten and tale, but it was vot possible to obtain reproducible
results for the red lead. The red iead, bowever, was 93 percent by weight less than 325 ‘mesh
Tyler (43 microns), wet screened.

The tale suspension was found to contain a small amwount of impurity which was shown
(by spectrographic analysis) to contain iron. “This tended to obscure the formation of a bed., The
butk of this impurity was removed by sedimentation from the flowing suspension in the horizontal
I~in. test length, but this involved some loss of tale giving an altered particle size distribution.

To determine the new particle size distribution af Andrensen sample was taken from the
discharge stream in a tared calibrated container and the whole of the coutents were transferred to
the Andreasen vessel, At the same time a sample for total solids was taken from the discharge
stream. This method avoided the difficulties in obtaining a representative sample for Andreasen
analysis from a bulk sample taken frem the loop. The method proved successful and gave satis—
factory duplicates, It was used to collect samples of talc slurry after removal of the impurity and
after completion of the experimental work. The analyses ate given in Table 1L

Particle size analyses were also abtained on the dry powders by the Sharples Micromerograph
aned these results are given in Table H for comparison, In all cases the Andreasen results jndicate
latger particle dinmeters than the Micromerograph results which again illustrates the lack of agreement
between diffetent methods of particle size analysis for sub--sieve particles.

Demineralised water was used for all experiments. No difficulty was experienced in preparing
the suspensions, or re—suspending the solid after closing down,

The supematant liquid was analysed after the experimental wotk for each system and the
dissolved solids were found to be less than 0.1 percent by weight in all cases.

3. RESULTS AND DISGUSSION

The horizontal settling velocity was determined by reducing the flow rate and observing the
point at which a moving bed appearcd as well as the point at which a stationary bed appeared in the
test length, ‘The number of runs from which means for settling velocities were evaluated varied from
2t0 12, :

Hoth moving and stationary beds were readily obtained for most of the systems and pipe sizes
used. Because of the measurable differences between mean velocities for moving and stationary beds
both have been reported. The only instances in which both beds were not teadily obtained were for the
runs with tungsten in %—in, and 1—in, tubes where the moving bed condition was not teproducible. the
stability of a moving bed for the other runs was frequently confirmed by running the loop at moving bed
conditions in the test pipe for a period of 30 minutes. Striations (4) were observed in all cases before
and during settling.

‘'he results for the hotizontal settling velocities are given in Table I, and are summarized in
Table IV. Also included in Table IV, are previous results for tungsten (5) and barium sulphate (6} in
1-in. pipes,

{a) Lffect of Concentration

For the L.M.F,R, system, only dilute suspensions are required. For the suspension containing
1 atom of uranium to 100 atoms of sodium at 500°C, the concentration of uranium is approximately 9.2
percent by weight or 0.5 percent by volume. For the UBe13~Na system, the concentration of UBe13
in Na at 5000 C is approximately 13 percent by weight or 3 percent by volume.



For the barium sulphate—water system, which simulates in mwany respects a UBej3—Na
suspension, the concentration of solids circnlated was varied between approximately 5 and 16
percent by weight or 1 and 4 percent by volume, for each of the four pipe sizes used. As seen in
Table 1V, in some cases there was no effect of concentration on the velocity for the formation of
3 moving bed or stationary bed, while in others there was a small increase in velocity with con—
centration,

luspection of the results in Table IV for the red lead—water system, in which the con—
centration was varied from approximately 7 to 15 percent by weight or 0.8 to 1.9 percent by volume
sllows that the concentration has little effect on the horizontal settling velocity for moving and
stationary beds,

The maximum increase was of the order of 0.2 feet per second. Although concentration
appeats to have a small effect, it is consideted to be negligible over the concentration range studied
and mean velocities and concentrations were evaluated for use in later correlations,

It may be concluded that for dilute small particle suspensions with volume concentrations
of up to several percent, the hotizontal settling velocities are almost independent of the concentration
circulating, ‘

by Effect of Pipe Diameter

In Figure 2 horizontal settling velocity is plotted against effective density ratio on semi~
log paper. This method of cotrelation has been previously proposed (3) but it ¢an be seen that the
'pipe diameter variation has caused a spread of the points for each effective density ratio.

The results were replotted on log—~log paper as horizontal settling velocity versus internal
pipe diameter for constant effective density ratio and straight lines fitted to the points for each
system for both moving and stationary bed conditions. This is shown in Figure 3 and the mean
slope of the lines was found to be 0.2,

Hence V «£(D) 0.2 . (D
(e) Effect of Selid Density

The results were also plotted on log—log paper as horizontal settling velocity versus effective
density ratio for constant pipe diameter and straight lines fitted to the points for.each pipe. - This is
shown in Figure 4. The mean slope for the stationary bed condition is slightly greater than that for
the moving bed condition but this difference was considered insignificant and a mean slope of-all the
lines was obtained. This was found to be 0.3 and hence:

Vo [f’_s:ﬂjlo's @
L] .

(D) Lxpression for Horizontal Settling Velocities

The results were recalculated as shown in Table V, and horizontal éettling‘ velocity was
plotted against (D)O'2 |;_es —pl-’o'3
Pl

This is shown in Figure 5 and equations were obtained for Vp, and Vs,



These are:
Vi - Lop)0-2 [ps-e1]0:3 (2)
L £1
0.
v 085 = 16 z[f.’z..ﬁ.q ’ %)
o1

The U0y~ NaK data of Abraham et alia (2) have also been plotted on the moving bed
graph in Figure 5. Abrabam's data correspond more to the moving bed condition than to the
stationary bed condition because of the radiometric method of detecting suspended flow used
by Abraham. The agreement is good.

The first lime-water point of Settle and Parkins, quoted by Spells (8) has been plotted on
the moving bed graph in Figure 3. Agreement is poor, However, more recent information (7} has
been, obtained which shows that Spells’ data and the data from the A.A.E.C. investigations cannot
be compared.

It appears (7) that the lime—water settling velocity data were not obtained by direct
cbservation since none of the test installations used by Settle and Parkins contained any trans—
parent section. For the mote dilute suspensions the settling velocity was obtained from log pressure
drop versus log velocity curves, which cannot be conclusive (4). For the more concentrated sus—
pensions the sertling velocity was deduced by timing the passage of a fluorescein dye injection
through the pipe, despite the proved presence of a thick bed. Settle and Parkins state that it was
not possible to determine the velocity at which a moving or stationary bed formed. It is interesting
to note also that the particle sizes as given hy Spells (B) are larger than those used in this investigation.

For these reasons the lime—water data.of Spells (8) have been rejected in arriving at equations

3 and (4).

Attempts to provide a correlation in terms of dimensionless groups were unsuccessful. It is
believed the main difficulty here is lack of a suitable method of evaluating the effective particte
diameter.

In this experimental work, the pipe diameter was varied from 2—in. to ¥~in., a ratio of 2.7
to I. It is to be noted that for a given velocity and suspension this means that the Reéynolds number
was varied by a ratio of 2.7 to 1. If the Reynolds numbet of a suspension is a measure of turbulence,
as it is with a homogeneous fluid,then it would be expected that the horizontal settling velocities would
‘be very dependent on the Reynolds number, and decrease with increase in pipe diametet to maintain the
same Reynolds number.

However, it has been shown that the horizontal settling velocity increases with I)O 2 y do€.
Re0.2 ., In view of this, it may be concluded that the bulk Reynolds number of a buspf‘nslon is not a
measure of turbulence, or degree of suspension,

4. CONCLUSION

In almost all cases a moving bed is formed before a stationary bed in aqueaus suspensions
of -sub—sieve particles, as the horizontal velocity is reduced. For concentrations up to a few percent
by volume, the effect of concentration on the formation of a moving or stationary bed was found to be
insignificant.

Empirical equations have been obtained for the horizontal settling velocity of aqueous sus—
pensions for both the moving and stationary bed conditions, which hold for effective density ratios of
1.7 to 18.3 and pipe diameters of %—in. to 2-in.

Reynelds number of a suspension evaluated from the bulk properties is not a true indication of
the degree of turbulence or particle suspension,



5. FURTHER WORK

It is.considered that further experimental work on horizontal settling velocities is not
required as sufficient work has been done to enable predictions to be made for the L.M,F.R.
system. Attempts should.be made, however, to correlate data in this investigation for fine
particle sizes and dilute suspensions with data from the literature on large particle sizes and
higher concentrations,
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7. SYMBOLS
V = horizontal settling velocity, ft/sec.
Vm = moving bed velocity, ft/sec.
Vs = stationary bed velocity, ft/sec.
D = internal pipe diameter, ft.
Pg = density of solid, lb/cu. ft.
£l = density of liquid, Ib/cu. ft,
Re = Reynolds number, dimensionless.
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TABLE |
: { £ , . ! i ¥
. TEST PIPE MEASURED DIAMETER = DIAMETER CALCULATED | MEAN INTERNAL:  SUSPENDED SOLID A, MEAN
,, . rEer | i CONCENTRATIONS
W FROM VOLUME DIAMETER CIRCUL ATED
Mean before| Mean after | Mean before | Meag after i ! W ﬁ
! experiments| experiments| experimenis experiments | ! | .
| in. in. in. in. L i f W i %W/ ;
Yi-in. Dicon (1) |  0.759 - - - 0.759 . 0.06325 |  Red Lead | ” 7.8, 142 |
m ,_ 4 :
%-in, Dicon(11) 0.757 | 075 1  0.756 0.754 0.756 i 0.06300 |  Barium sulphate m 5.0, 9.1, 15.5
- ! : . B.H.P. Tungsten m 5.8
m _ m Tale i 9.3
| 1-in. Dicon(New)  1.004 1.002 1.005 ! L003 1004 | 0.08367 |  Red Lead 6.7, 9.0, 14.8
i m ! B.H.P. Tungsten 8.2
m : i Tale 2.9
14~in. Dicon 1.498 1.500 - 1.495 1498 0.1248 | RedLead : 9.5,  15.0 :
“ Barium sulphate 5.7. 9.5, 15.7 i
N | B.H.P. Tungsten 8.4 m
| Talc 9.7 ﬂ
1 . i i !
2-in. Dicon 1.999 2.005 - 2.000 2.001! 0.1668 |  Red Lead m 5.8, 9.4, 14.9 |
: ! . Barium Sulphace 5.6, 9.8, 15.5
M i B,H,P. Tungsten 8.5
m ' Tale 9.7
i ! ‘ i
“ " 1 I !
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TABLE IiI
Material Temperature  Time ‘Discharge Suspénded Velocity
and pipe ~ Run secs. nett solids ft./sec.  Observations
size oC % W/
b,

Red lead 4.8.1 36.0 59.2 22.98 7.6 1.85 Moving Bed

%—~in. pipe 2 38.0 64.4 23.94 1.78 Stationary Bed
.3 40.5 65.8 25.20 7.7 1.83 Moving Bed
4 41.0 63.8 23.41 1.77 Stat, Bed
] 29.0 57.2 25.30 7.9 2,11 Moving Bed
.6 31.0 58.4 25.33 7.9 2.07 Moving Bed
7 35.0 61.6 24.14 7.8 1.87 Moving Bed
.8 36.0 63.6 24.87 8.0 . 1.87 Moving Bed
9a 37.5 63.2 24.69 7.9 1.86 Moving Bed
9b 38.0 '66.0 23,72 1.71 Stat. Bed
.10 39.5 64,0 24.63 1.84 Stat, Bed

4,14.1 35.0 61,2 24.05 1.77 Stat. Bed

.2 36.0 60.8 2309 _ 1.71 Stat, Bed
.3 37.0 61.0 26.92 13.8 1.98 Moving Bed
4 38.5 60.8 22.64 1.67 Stat. Bed
.5 39.5 60.6 25.07 13.7 1.86 Moving Bed
.6 40,5 60.8 30.70 14.4 2.27 Moving Bed
v 41.5 61,0 22.54 1.66 Stat. Bed
.8 42,0 58.4 31.23 14.7 2.40 Moving Bed
9 42.5 60.2 28.25 14.2 2.11 Moving Bed

.10 43.0 59.6 30.24 14.1 2,28 Moving Bed




 Material |
and pipe

size

Red

lwi'n_. Pipe

. Run

lead 4,15 1a

.2

.3a
b
Aa

Sa
J3b
.Ga
.6b
Ja
.7b
.8a
.8b
.9a
9b
.10a
.10b

oC

35.0
37.0
38.0
38.0
39.0
39.0
39.5
40.0
41.0
41.5
41.5
42.5
42.5
43.0
43.5
44.0
44.0
45.0

Temperature

Time  Dischatge

. secs,

32.2
L8
32.0
31.8
32.2
32.0
31.2
31.8
31.2
31.4
31.4
316
31.2
31.4
31,0
31.2
31.8
32.4

~9-.

TABLE M (Contd:).

nett

ik,
2.3
21.06
23.43
20.35
23.67
22.69
24.51
22,20
24.09
21.39
23:51
18.56
23.55

20.58

24.37
21.04
24.30
2192

~ Suspended

solids

% %/a

6.5

6.7

6.8

6.7

- 6.7

6.8

6.9

6.8

~ Velocity

fe./sec.

Observations -

2.34
1.83
2.02
1.77
2.03
1.96
2.17
1.93
2.13
1.88
2.07
1.62
2.08
1.81
2.17
1.86
2.11
1.87

Moving Bed
Stat, Bed
.Moving Bed
Stat, Bed
Moving Bed
Stat. Bed
-Moving Bed
Stat, Bed
Moving Bed
Stat. Bed
Moving Bed
Stat, Bed
Moving Bed
Stat, Bed
Moving Bed
Stat. Bed
Moving Bed

Stat, Bed




Material

—10-—

) Temperature Time Dischar;e m:‘r_:.uspc'ﬁdt"crlw ”Velocuy
and pipe Run secs. nett solids ft./sec. Observations .
size oc %W/
Lb. .

4,5.1b 38.5 31.6 23.95 2,04 Stat, Bed
2b 33.0 31.4 25.19 8.7 2.16 Moving led
.2c 34.5 35.6 25.23 ' 1.91 Stat. Bed
.3b 35.0 30.8 26.42 8.8 2.31 Moving Bed
.4b 36.5 31.0 26.76 8.9 2.32 Moving Bed
Je 37.5 34.4 25.90 2.03 Stat. Bed
.5b 38.0 31.8 26.63 8.9 2,25 Moving Bed
.Sc 39.0 33,2 26.90 218 Stat, Bed
.6b 39.0 32,0 23.61 1.99 Stat. Bed
.7b 40.5 31.6 25.29 | 8.9 2.15 Moving Bed
e 41.0 35.0 24.69 1.90  Stat, Bed
.8b 41.5 " 36.8 30.21 .0 2.21 Moving Bed
.8c 42.0 35.0 25.18 1.94 Stat. Bed
.9b 34,0 32.4 25.43 9.5 2.11 Moving Bed
9c 35.0 32.8 24.53 2.01 Star, Bed
.10b 36,5 33.2 25.69 9.1 2.08 Moving Bed
10c 37.5 360 2488 1.86  ‘Stat. Bed

4,13.1 34.5 33.0 25.92 2.00 Stat. Bed
..23 34.0 32.4 29.73 14,5 2.34 Moving Bed
.2b 34.5 34.6 27.36 2.02 Stat, Bed
3a 33.5 32.0 29,07 14.6 2.32 Moving Bed



11~

T;\l]l;ﬂl'_:_!!_! {Contd.)

o Material Temperature :I'ime Dls charge Suspen('ied -;/.elocity
and pipe Run secs. nett solids ft./sec, Observations
size °c %W w
B e ;g o
4.13.3b 36.0 T 34.2 24,60 1.83 Stat, Bed
.4a 36.5 33.6 27.66 147 2,10 Moving Bed
4b 36,5 33.4 23.21 1.77 Stat, Bed
5 37.5 31.8 24.79 1.99 Stat. Bed
Ga  37.5 32,0 30,30 15,2 2.41 Moving
6b 385 3.6 25.99 210 Stat. Bed
Ja 39,0 31.8 25.69 14,7 2.06 Moving Bed
7b 39,0 3.8 23.03 1.85 Stat. Bed
Ba 39,5 31.8 30.57 14.9 2.45 Moving Bed
.8b  40.0 316 24.20 1.95 Stat. Bed
9a 40,0 31.0 27.65 14.7 2.27 ‘Moving Bed
9b 40,0 . 38 27.16 208 Stat. Bed
.10a  40:5 31.6 29,28 14.9 2.36 Moving Bed
.10b  40.5 31.8 25.32 2.03 Stat. Bed
1%—in. pipe 4.9.1a 315 58.6 1.881 2.1 2.62 Moving Bed
222 335 61.9 1.912 9.3 2.52 Moving Bed
.3 36.0 65.6 1.917 2.39 Stat. Bed
4 365 65.0 1.912 2.40 Stat. Bed
Sa 37,5 63.0 1.891 9.5 2.45 Moving Bed
S5b 38.0 65.1 1.917 2.41 Stat. Bed

._6a 39.0 61.6 1.886 9.5 2.50 Moving Bed



Material 7
and pipe

size

—-12~

TABLE I (Comd,)

e g e S e
oC % W/
i " -

4966 395 65.3 1923 2.41 Stat. Bed
Ja 40,5 62.5 1927 9.5 2.52 Moving Bed
.8a 41.5 65.0 1.927 9.7 2.42 Moving Bed
.8b 42,0 62,2 1.866 2.45 Stat. DBed
9a 42,5 66.9  1.912 9.5 2.34 Moving Bed
9b -42.-5 66.2 1.902 2.35 Stat. Bed
.10a 430 64.3 1907 9.6 2.42 Moving Bed
10b 435 63.7  1.897 2.43 Stat. Bed
A1 44,0 64.0 1923 9.5 246  Moving Bed

4.121a 275 62.4  1.978 14.7 2.59 Moving Bed
2 30.5 68.2  1.943 2.33 Stat. Bed
.3a 22,0 65.4 1.922 14.8 2.40 Moving Bed
3b 330 67.2 1943 2.36 Stat, Bed
A4a 34,0 66.2  1.968 14.9 2.43 Moving Ped
4b 35,0 69.4 1988 2.34 Stat. Bed
Sa 36.0 65.6  1.943 15.0 2.42 Moving. Iied
Sb 365 69.4 1937 2:28 Stat. Bed
ba 375 642 1.922 14.9 2.45 Moving Bed
.6b 38.0 68.6 1,958 2.33 Stat. Bed
7a 64.2  1.943 15.0 2.47 Moving Bed

38.5
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TABLE TH {Contd.)

Material o Tempetature Time  Discharge Suspended Velocit‘y
and pipe Run secs. nett solids ft./sec. ‘Observations
size oc V-
4.12.7b 39.0 69.6 1.958 2.30 Stat. Bed

.8a 40.0 64.2 1.937‘ 15.1 2.47 Moving -Bed
.8b 40.0 67.4 1.963 2.38 Stat. Bed
9a 41.0 65.0 1.963 15.0 2.47 Moving Bed
.10a 42.0 62.8 1.917 15.3 2.49 " Moving Bed
.10b 42.0 66.6 1,937 2.38 Stat. Bed
.11 42,5 67.2 1,922 2.3% Stat. Bed

Red lead | 4,16.1a 36.0 340 1917 6.7 2.58 Moving Bed

2-in. pipe .2a 38.0 34.6 1.912 6.7 2.53 Moving Bed

| .2b 39.5 39.0 1.927 2.26 Stat. Bed

3a 40,0 35.0 1.927 6.7 2.52 Moving Bed
.3b 40.0 38,2 1.922 2.30 - Stat, Bed
.4a 40.0 35.0 1.917 6.8 2.51 Moving ‘Bed
.4b 40.5 37.6 1.871 2,28 Stat. Bed
S5a 40.5 34.0 1.856 6._8 2,50 Moving Bed
.5b 41.0 38.8 1.912 2,26 Stat, Bed
.6a 41.5 34.6 1.917 6.8 2.54 Moving Bed
.Gb 41.5 38.4 1.891 2.25 Stat. Bed
7a 42,0 34.6 1.943 6.8 2,57 Moving Bed

.7b 42.0 38.8 1.912 226 Stat. Bed
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TABLE BI (Contd.)

Material Temperature Time Discharge  Suspended  Velocity
and pipe Run secs.  nett solids fe./sec, Observations
size oC % W/
cu.ft.

4.16.8a 42,0 34.8 1.927 6.8 2,53 Moving Bec
.8l 42,0 384 1,860 2.22 Stat. Ded
9a 42,0 34.8 1.927 6.8 2.53 Moving Bed
.9b 42.0 40.2 1958 2.23 Stat. Bed
. 10a 42.5 1 33.8  1.865 2,53 Moving Bed
.10b 42.5 39.0  1.876 2,20 Stat, Bed

4.10.3a 42,0 352 1.948 9.4 2.53 Moving Bed
.3b 43.0 36.2  1.948 2.46 Stat. Bed
.4a 43.0 35.6 1.963 9.6 2.52 Moving Bed
4b 43.5 36.6  1.983 ' 2.48 Stat. Bed
.5a 44.0 35.6 1978 9.5 2,54 Moving Bed
.5b 44,0 352 1.948 2.53 Stat. Bed
6 44.5 35.2 1.948 2:53 Stat, Bed
.7a 45.0 35.4  1.963 9.6 2.54 Moving Bed
.7b 45,5 35.6 1958 2.52 Stat. Ded
.8a 45.5 34.8 1.922 9.6 2,53 .Moving Bed
.8b 46.0 35.2 1.953 2,54 Stat. Bed
.9a 45.0 354 1.937 9.3 2.51 Moving Bed
.10a 38.0 345 1.958 9.1 2.60 Moving Bed
.1la 40.0 34.9 1.963 2.3 2.58 Moving Bed
11b 42.5 36.4  1.948 2.45 Stat. Ded
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TABLE III (Contd. )

Material Temperature Time Discharge Suspended  Velocity
and pipe Run secs. = nett solids ft./sec.  Observations
size oC % Wy

4.10,12a 43.0 34.4 1.896 9.4 2.52 Moving Bed
.12k 43.0 35.1 1.856 2.42 Stat. Bed
3a 44,0 34.8 1.917 9:4 2.52 Moving Bed
.13b 44.0 35.1 '1.866 2.43 Stat. Bed
.14a 44,5 35.8 1.973 9.5 2.52 Moving Bed
.14b 44.5 36.7 1.927 2.40 Stat, Bed

4,11.1a 36.0 33.8 1.923 14.6 2,60 Moving Bed
2a 38.0 33.9 1.932 14.8 2.61 Moving Bed
.2b . 38.5 34.3 1,907 ‘2,55 Stat. Bed
3a 39.0 33.5 1,907 14.8 2,61 Moving Bed
.3b 39.5 34.8 1.937 2.55 Stat. Bed
da 40.0 34.4 1.948 15.0 2.59 Moving Bed
4b 40,0 33.5 1.896 2.59 Stat. Bed
.5 40.5 33.0  1.881 2.61  Stat Bed
.6a 41.0 33.9 1.923 14.9 2.60 Moving Bed
.6b 41.5 35.2 2.004 2.61 Stat. Bed
7a 42.0 34.2 1.963 14.9 2.63 Moving Bed
.7b 42.5 35.6 1.999 2.57 Stat. Bed
.8a 42.5 33.8 1.937 15.1 2.62 Moving Bed

.8b 43.0 33.8 1.886 2.55 Stat, Bed
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STADBLE Il (Contd.)

Material Temperature Time  Discharge Suspended Velocity
and pipe Run secs, nett solids fe./sec.  Observations
size oC - % Ww
cu, fr,
4.11.9a 43.0 35.0 2.104 15.0 2,75 Moving Bed
9b 43.5 33.4 1.850 2.54 Stat, Bed
.10a 44.0 34.0 1,963 15.1 2.64 Moving Bed
.10b 44.0 34.6 1.937 2.56 Stat. Bed
.1la 44,5 34.0 1,958 - 15.0 2.64 Moving Bed
.11b 45.0 34,2 1,927 2.58 Stat. Bed
12 45.5 342 1,963 15.1 2.63 Moving Bed
Barum 4.25.1 26.0 65.2 lét.bﬁﬁ : 1.49 Stat, Bed
sulphate
¥%--in. pipe .2 27.5 63.5 21.60 5.1 1.64 Moving Bed
.3 29,5 66.0 20.19 1.52 Stat. Bed
4 3.0 64.4 20.29 5.0 L.57 Moving Bed
3 32.5 64,7 18.93 1.45 Stat. Bed
.6 33.5 64.2 20.26 5.0 1.57 Moving Bed
7 34.5 63.8- i8.12 1.41 Stat. Bed
.B 35.5 64.4 18.58 1.43 Stat, Bed
9 37.0 63.9 19.46 ‘4.8 1.51 Moving Bed
.10 38.0 69.5 20.56 4.8 1.47 Moving Bed
A1 39.0 66.8 19,06 1.42 Stat, Bed

.12 39.5 65.6 21.36 5.0 1.62 Moving Bed
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TABLE III (Contd.)
- Mater-ial Temperature Time Discharge Suspended Velocity‘
ar;dizpeipe Run oC secs. nett %501"%1 fr./sec.  Observations
1b.

4:20.1 -32.0 64.9 20.24 8.9 1.50 Moving Bed
2 34.5 64,2 20.29 9.0 1.52  Moving Bed
3 36.0 65.4 19.31 1.42  Stat. Bed
4 38.0 67.3 22.14 9.2 1.58  Moving Bed
S 40:5 66.1 21.98 9.2 1.60 Moving Bed
.6 44.0 65.6 20.12 9.1 1.48  Moving Bed
7 34.0 65.4 21.36 o.1 1.57 Moving Bed
8 36.53 65,2 18.94 1.40  Stat. Bed
9 38.0 64.8 21.30 9.1 1.58 Moving Bed
.10 40.0 65.0 20.90 2.1 1.55 Moving Bed

4.19.1 32.0 61.6 22.70 '15.7 1.68  Moving Bed
2 35,0 62.8 21.89 15.3 1.59  Moving Bed
3 36.5 69.8 22,12 1.44  Stat. Bed
4 38.0 66.6 22.08 i5.1 1.51 Moving Bed
.5 39.5 63.6 '20.93 15.4 1.50 Moving Bed
.6 40.5 69.8 21,76 1.42  Stat. Bed
7 42,5 69.8 22,72 15.3 '1.48  Moving Bed
8 43.0 67:4 -21.69 1.47  Stat. Bed
9 44.0 67.6 .23.28 15.9 1.57  Moving Bed
.10 44.5 67.9 22.37 15.8 1.50 Moving Bed
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TABLE III {Contd.)

Mdterial Temperature Time Discharge Suspended = Velocity
and pipe Run secs. - nett solids ft./sec. Observations
size O % w/y

Barium 4.24,1 28.5 BG.8 1.926 5.7 1.81 Moving Bed

sulphate

Y4—in, pipe 2 29.5 94,2 1.900 1.65 Stat, Bed
.3a 30.0 86,2 1.900 5.7 1.80 Moving Bed
3b 31.0 100.1 1.916 1.56 Stat. Bed
da 3L5 84.6 1.936 5.7 1.87 Moving Bed
.4b 32.0 97.4 1.916 1,61 Stat. Bed
.5a 325 86.7 1.926 5.7 1,82 Moving Bed
.5b 33.0 97.0 1.920 1.62 Stat. Bed
.Ga 32.5 86.3 1.931 5.7 1.83 Moving Bed
.6b 33.0 96.1 1.920 163 Star. Bed
7a 34.5 85.7 1.916 5.7 1.83 “oving Bed
Je 36.0 96.9 1.906 1.61 Stat. Bed
.8a 36.0 B7.6 1.910 5.7 1.78 Moving Bed
.8b 36.5 98.8 1.936 1.60 Stat, Bed
9a 37.0 88.1 1.916 5.7 1.78 Moving Bed
c 38.0 97.0 1.916 1.61 Stat. Bed
.10a 38.0 0.5 1,920 5.7 L73 Moving Bed
.10b 38.5 96,9 1.906 1.61 Stat, Bed
.1la 39.0 20.7  1.916 5.7 173 Moving Bed
11b 39.0 96.8 1.916 1.62 Stat. Bed
12a 39.0 89.7 1.936 5.7 1.76 Moving Bed
.12b 39.5 97.4 1.906 1.60 Stat. Bed
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TABLE IlII'(Contd.)

Material Temperature Time Discharge Suspended  Velocity
and pipe Run : © secs. nett solids ft./sec,  Observations -
size. oC - ' % Wy . -
cu,ft.
421.1a  30.0 85,1 1.910 9.4 1.83 Moving Bed
22 325 82:4 1916 9.7 1.90 Moving Bed
.2 33.0 95.9 1926 1.64 Stat, Bed
3a 345 8.9  1.951 9.6 1.95 Moving Bed
b 35.0 - 97.6 1931 1.62 Stat. Bed
da 35.5 88.0  1.880 9.5 1.75 Moving Bed
4 360 95.8  1.906 1.63 Stat. Bed
Sa 365 852 1.916 9.5 1.84 Moving Bed
.5b 37.0 95.3 1.916 1.64 Stat, Bed
6a 370 81.0  L906 9.5 1.92 Moving Bed
6b 375 95.7  1.926 1.65 Stat. Bed
Ja  38.0 879  1.926 9.5 1.79 Moving Bed
7b 385 95,8 1920 1.64 Stat. Bed -
8a 39,0 85.2 1916 9.5 1.84 Moving Bed
8b 390 98.0  '1.900 1.58 Stat. Bed
9a  39.5 83,9  1.916 9.5 1.87 Moving Bed .
9¢ 40,5 93,5 1,931 ) 1.69 Stat, Bed
J10a 410 89.9  1.870 '9:5 1.70 Moving Bed
JAla 425 89.7  1.895 9:5 1.73 Moving Bed
JAlb 43.0 96.8 1916 1.62 Stat. Bed
12a 43,0 85.6 1.946 9.5 1.86 Moving Bed
J12b 44,0 95.9 1941 1.65 Stat. Bed




20—

TABLE Il (Contd.)

Ma-terial Temperature Time Discharge  Suspended Velocity
and pipe  Run o secs. nett solids ft./sec. Observations
size C % W/W
cu. fr.

4.18.1a 32.0 79.5 1.895 15.7 1.95 Moving Bed
2a 34,5 88.0 1.885 15.7 1.75 Moving Bed
.2b 34.5 99.2 1.885 1.55 Stat. Bead
.3a 35.5 88.7 1.906 15.7 1.76 Moving Bed
.3b 35.5 95.2 1.920 1.65 Stat. Bed
.4a 36.5 79.3 1.9Q6 15.7 1,96 Moving Bed
4b  37.0 92.8 1,906 1.68  Stac. Bed
JSa 37.5 75.4 1.885 C 15,7 2.04 Moving Bed
5b 38.0 95.9 1.916 1.63 Stat, Bed
6a 38.5 79:1 1.895 15.8 1.96 Moving Bed
.6b - 39.0 94,4 1.870 1.62 Stat. Bed
Ja 39;5 76.9 1.895 15.8 2,01 Moving Bed
b 40.0 92.1 1.880 1.67 Stat. Bed
.8a 40,5 79.7 1.916 15.7 " 1.96 Moving Bed
+8b 40,5 98,7 1.875 1.55 Stat. Bed
.9a 41,0 82,0 1.926 15.8 1.92 Moving Bed
b 41.0 95.3 1.895 | 1.62 Stat, Bed
.10a 41,5 85.3 1.890 15.7 1.81 Moving Bed
L10b 41.5 101.1 1.910 1.54 Stat, Bed
.11a 42,5 76.9 1.875 15.8 - 1.99 Moving Bed
A1k 42,5 24,0 1.906 1.66 Stat. Bed
.12a 43.0 80,2 1.916 15,8 1.95 Moving Bed
d2¢ 44.0 94,2 1.890 1.64 Stat. Bed
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TABRLY HI (Contd.)

Material Temperature Time Discharge  Suspended Velocity
and pipe Run secs, nett solids fr./sec. Observations
o Pl oc ,‘ % %/

Barium 42312 27,0 43.7 1.941 5.5 2.03 Moving Bed

z‘fiﬁff“;fpe 1b 28:0 52:2 1.946 - o Stat, Bed
.2a 29,0 5.1 1;946 55 1.98 ‘Moving Bed
.2b . 29:5 51.6 _ 1.926 1,71 ‘Stat. Bed
3a 25.0 44,4 1:946 5.6 - 201 Moving Bed
3b 25.5 50.6 1.916 173 Stat. Bed
4a 26:5 44.7 1.946 5.6 1.99 Moving Bed
.4b 27:0 s1.8  .1:926 - L7 Stat. Bed
5a 28,0 450 - 1931 5.6 1.96 Moving Bed
S5b 0 29.0 524 . 1926 1.68 Stat, Bed
ba 29.5 46.6 1,931 5.6 1.90 . 'Moving Bed
.6b 30.0 s21 . 1.946 1.71 Stat. Bed
7a 30,5 46.6 1.926 5.6 1,89 Moving Bed
7b 31,0 51.9 1.926 1.70 Stat. Bed
8a 3L5 47:3 1.962 56 . .1.90 Moving Bed
.8b 32.0 52,3 1.941 1.70 Stat. Bed
9a 33.0 46.7 1.926 3.6 1.89 ‘Moving Bled
Ob - 33:0 52,2 1.936 1.70 Stat. Bed
102 340 46.8 1.916 5.6 1.87 Moving Bed
.10c 35.0 52.1 1.926 "1.69 Stat, Bed
Jdla 355 468 1:906 5.6 1,86 Moving Bed
Alb 360 52.6 1.936 '1.69 Stat, Bed
12a 36.5 48.6 1916 5.6 1.80 Moving Bed

12b 36.5 49.6 1.835 _ 7 1.69 Stat, Bed




TABLE HI (Contd. )
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Material " Temperature Time Discharge Suspended  Velocity
and pipe Run secs, nett solids ft./sec, Observations
size °c % YAy
cu.ft.
'4,22,1a 31.0 42,2 . L910 9.7 2,07 Moving Bed
.2a 34,0 43.0 1.926 9.8 2.05 Moving Bed
.2b 35.0 49.0 1.941 1.81 Stat. Bed
3a 36.0 43,2 1.936 9.7 2.05 Moving Bed
.3b 36.0 49,7 1.941 1,79 Stat. Bed
.4a 37.0 42,7 1.906 9.8 2.04 Moving Bed
.4b 37.0 50.0 1.936 1.77 ‘Stat, Bed
Sa 38.0 45.1 1.946 9.8 1.98 Moving Bed
.5b 38.0 50.4 1.931 ‘1.75 ‘Stat. Bed
.6a 39.0 44,3 1.920 9.8 1.98 Moving Bed
.6b 39.0 50.1 1.926 '1.76 Stat. Bed
7a 39.5 45.3 - 1916 9.8 1.04 Moving Bed
b 39.5 51.6 1.936 1.72 Stat. Bed
, Ba 40.0 45.4 1.916 9.8 1,93 Moving Bed
8b 40.0 5.2 1.920 172 Stat. Bed
.9a 40,5 46.0 1.936 2.9 1.93 ‘Moving Bed
9b 40.5 5L1 1.926 1.73 Stat. Bed
.10a 41.0 45.5 1.931 9.8 1.94 Moving Bed
.10c 41.5 51.7 1.946 ‘1,72 ‘Stat. Bed
dla 42,0 45.4 1,920 2.9 1.94 -Moving Bed
.11b 42.0 51.8 1.936 L71 ‘Stat: Bed
.12a 42,5 45,1 1.916 2.8 - 1.94 ‘Moving Bed
A2 42,5 S5 1.926 171  Stat. Bed
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TABLE HI (Contd.}

Material Temperature Time Discharge Suspended Velocity
.and pipe Run o _ -Secs. " nett solid ft./sec. Observations
size ‘ C h W
cu.fe,
4.17.1a 20,0 43,5 1.931 15:5 2.03 Moving ‘Bed
2a 32,0 4.0  1.967 155 209 Moving 'Bed
2b 33.0 49.8 1.946 179 Stat. Bed
3a 34.5 - 440 1,951 15,5 '2.03 Moving Bed
36 35.0 51.9 1936 1.71 Stat. Bed
Aa 35:5 441 . 1941 15.5 2.01 Moving Bed
.4b 36.0 498 1.926 1.77 ‘Stat. Bed
.5a 37.0 . 436 1:920 15.5 2,02 ‘Moving Bed
.5b 37:0 50.1 1.920 1.75 Stat, Bed
6a 37.5 43.5 1.920 155 202 Moving Bed
.6b 38.0 505 1926 LTS Stat. Bed
7a 38.5 43.3 1.910 15.5 - 202 Moving Bed
.7b T390 50.6 - 1916 1.73 Stat, Bed
.Ba * 39.5 44.1 1916 15.5 1.99 ‘Moving Bed
.8b 400 502 1.885 1.72 Stat, Bed
.9a 40,0 ‘ 44,2 1,910 15.5 1.98 Moving-Bed
9b 405 SLs 1:926 171 ‘Stat. Bed
10a  4L0O 44,2 1.896 15.5 1.96 Moving Bed
.10b 41.0 4.7 1916 1.76 ‘Stat. Bed
1la 41.5 44:5 1.916 15.5 1.97 Moving Bed
.11b 42,0 50,6 1,896 1,72 ‘Stat. Bed
12a 42.0 45:5 1.957 155 1.97 Moving Bed

12 42.5 51.2 1.890 1,69 ‘Stat. Bed
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TABLY II{ (Contd.)

Material Temperature Time  Discharge  Suspended Velocity

and pipe Run secs. nett solids ft./sec. Observations
size °c _ % w/w
b
B.H.P. 4.29.1 30,5 41.6 . 22.00 5.9 2.58 Stat. Bed
tungsten
¥—in. pipe .2 3L5 41.6 20.76 5.6 2.44 _Stat. Bed
3 33.0 40.8 23.67 6.3 2.82 Stat, Bed
A4 33.5 39.4 18.23 5.4 2.27 Stat. Bed
.5 340 394 - 20.49 6.0 254  Stat. Bed
6 35.0 39.7 22.41 60 . 275 Stat. Bed
7 36.0 39.9 22,70 6.0 2.77 Stat, Bed
8 36.5 39.6 20,69 5.8 255 Stat. Bed
9 37.0 - 397 17.21 5.0 2.13 Stat, Bed
10 380 39.9 . 2104 59 . 257 Stat. Bed
11 38.0 39,3 21.41 6.1 2.65 Stat. Bed
12 38,5 40.7 20,01 5.4 241 . Stat, Bed
e e - e
B.H.P. 4.26.1 26.5 121.8 1.895 8.4 2.83 Stat. Bed
tungsten ) .
1—in. pipe .2 28.5 117.8 1.875 8.1 2.90 Stat, Bed
3 30,5 124.7 1.880 8.2 274 Star. Bed
.4b 33,0 118.2 1.880 8.2 2.89  Stat. Bed
.5 34,0 130.5 1.880 79 2.62 Stat. Bed
6 35.0 129.0 1.885 8.0 2.66  Stat. Bed
7 5. 130.0 1910 8.1 2.67 Stat. Bed
.8 36,0 123.6 1.885 8.3 277  Stat. Bed
9 37.0 124.3 1.895 8.2 277 Stat. Bed
.10 37.5 124.7 1.900 8.1 2.77 Stat, Bed
11 38.0 129.7 1.885 8.2 2.64 Stat, Bed

.12a 38.5 125.3 1.880 8.2 273 Stat. Bed
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‘TABLE Il (Contd.)

Material _ Temperature Time ‘Dischatge  Suspended Velocity
.and pipe Run .5€CS, nett solids fr./sec. Observations
size °c % Wi

BHP.,  427.1a 30.0 49,2 1,890 8.2 3.14  Moving Bed

s pe b 310 0.2 1.885 307  Stat. Bed
2a 32.0 49.2 1.870 7.9 311  Moving Bed
.2b 325 50.8 1.895 3.05 Stat. Bed
.3a 33,0 ' 4.6 1.875 '8:4 3,09  Moving Bed
.3b 33.5 50.7 1:890 3,05  Stat. Bed
4a 34.5 50.2 1.885 8.3 3.07 Moving Bed
.4c 355 50.6 1.870 3,02 Stat. Bed
5a 36.0 51.0 1.910 8:4 3:06  ‘Moving Bed
.5b 36:5 51.5 1.890 3,00 Stat. Bed .
6a 37.0 50,7 1.895 8.4 3.05  Moving Bed
6b 37.0 50:8 1.865 3,00  Stat. Bed
Ta 37.5 50.2 1.880 8.5 3.06  Moving Bed
7b 38.0 51.8 1.885 2.97  Stat. Bed
' .8a 38,0 51.0 1.895 8.5 304  Moving Bed
8c 38.5 52.6 1.905 '2,96 Stat. Bed
9a 39.0 51.1 1.905 8:5 3,05 Moving Bed
.9b 39,0 52,0 1.895 298  Stat. Bed
102 39.5 50.4 1.875 8.8 3,04  Moving Bed
.10b 39.5 51.7 1.885 298 Stat, Bed
1la 39.5 50,7 1.880 8.6 3,03 Moving Bed
.11b 39.5 515 1:875 2:98  Stat.'Bed

.12a 40,0 51.3 1.905 8.6 3.03 ‘Moving Bed

12b 40.0 51.9 1.885 2.97

Stat. Bed




26—

TABLE HI (Contd. )

Materiél | Temperature Time 'mﬁ;;éha;ge Suspend;d _ -V_éfg;:i,ty
and pipe Run . ‘ secs, flete solids . ft./sec. Observations
size - OC ) % vi/y

B.H.P., 4.28.la 28.5 30.3 2.161 8.3 326 Moving Bed

tung sten . _

2—in, pipe “.1b _ 29.5 315 2.172 - 3,16 Stat. Bed
2a 30.5 31 2.192 86 3.23 Moving Bed
2b 310 32,6 2:202 3.00  Stat. Bed'
.3 315 313 2192 83 3,20 Moving Bed
3b 320 32.8 2,202 3.07 "Stat. Bed
4a 325 3l.8 2,197 8.3 3..16 Moving Bed
e 33.5 326 2172 _ 3.05 Stat. Bed
Sa 34.0 31.4 2.167 8.4 3.16  Moving Bed
5b 34.0 32.7 2.187 306 Stat. Bed
6a 34.5 319 2202 85 3,16 Moving Bed
.6b 35.0 32,5 2.182 , 3.07 'Stat. Ded
.7a 35.0 31.7 - 2.182 8.3 3.15 Moving Bed
Jb 350 . 327 2.182 305 Stat. Bed
8a 35.5 3.9 2187 8.6 + . 314 Moving Bed
8b 36.0 3.7 2.187 316 Stat. Bed
9a 36.0 31.6 - 2.172 8.6 -3.15 Moving Bed
9b 36.5 32.6 2197 | - 3.08 Stat. Bed
102 365 31.7 2.187 8.6 3,16 . Moving Bed
A0b- 3.0 32,0 2167 3,10 Stat. Bed
J11a 37.0 32.1 2192 = 8.7 313 Moving Bed
J1b 3700 - 331 2,207 3.05  Stat. Bed
12a 37.0 12,2 2,182 8.5 3.10 Moving Bed

.12b 37.0 31.8 2,161 3.11 Stat, Bed
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TABLE 1H (Comd.)

Material Temperature =~ Time Discharge Suspended  Velocity
and pipe Run secs. nett solids ft./sec. Observations
size oc - % W/iw

Talc : 1b,

%~-in.pipe  5.4.2 26.0 68.1 20.82 9,2 1.49 Moving Bed
3 28.0 70.3 20.79 9.4 1.44 Moving Bed
4 29.0 6.2 19.14 9.2 £.33 Moving Bed
.5 30.0 69.7 17.53 1.22 Stat, Bed
6 31.0 70.1 17.33 .20 Stat. Bed
7 31.5 69.8 16.96 1.18 Stat, Bed
.8 32.0 69.6 15.72 1.10 Stat. Bed
9 33.0 70:5 18.41 9.4 1.27 Moving Bed
.10 33.5 70,6 16,89 1.16  Star. Bed
11 34.0 70:3 19.35 9.2 1.34 Moving Bed
12 34.5 70.2 16.86 117 Stat. Bed

Tale = 5.3.1a 25.5 47:9 23.07 9.9 132 Moving Bed

1—in.pipe
1b 26.0 51,8 22.23 1.18 Stat. Bed
2a 26.5 44,1 22,99 9.9 1.43 Moving Bed
.2b 27.0 51.4 20.70 1.11 Stat. Bed
.3a 27.5 43.8 22.73 9.8 1,42 Moving Bed
.3b 28.0 55.0 23.79 1.19 Stat . Bed
JAa 28.5 44,5 22.75 9.8 1.40 Moving Bed
4b 29.0 51.9 23:53 | 1.24  Stat, Bed
.Sa 29.5 44,1 23.77 9.9 1.48 Moving Bed
.5b 30.0 50.8 23.15 1.25 Stat, Bed
.Ga 30.5 46.7 23.42 2.9 1.38 Moving Bed
e 315 50.8 22.95 124  Stat. Bed
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TABLE Il (Contd.)

Material Témperafure Time Dfécharge Suspé'hded Veloéity )
and pipe Run secs, nett solids ft./sec, Observations
size oC % V/w :
b
5.3.7a 32.0 45.4 23.86 9.9 1.44 Moving Bed
.7b 32,0 49,7 22,72 ‘1,25 Stat. Bed
.8a 32.5 44.7 23.60 9.8 145 Moving Bed
8c 33.0 52.3 23.08 1.21 Stat. Bed
9a 33.5 45.5 23,22 9.9 1.40 Moving Bed
.9b 33.5 53.6 24.51 1.25 Stat. Bed
.10a 34.0 46.0 24.21 9.9 144 ﬁoving Bed
.10b 34.0 51.2 23.30 1.25 Stat. Bed
Ala 340 3.1 23.13 9.9 147 Moving Bed
CA1b 3400 54.3 23.52 - L19 Stat. Bed
12a 34,5 43.1 22.13 9,9 1.41 Moving Bed
A2b 345 50.7 22.35 1,21 Stat. Bed
Talc - 5.2.1a 26,0 99.5 1.885 9.7 1.55 Moving Bed
1Y4—in. pipe ' : :
b 26.0 129, 4 1.890 1.19 Stat. Bed
2a 27.0 102,2 1.900 9.7 1.52 Moving Bed
2b 21.5 125,1 1.910 L25.  Srat. Bed
.3a 29.0 107.0 1.900 9.7 1.45 Moving Bed
36 295 114.8 1,900 135  Stat, Bed
4a 30.0 106.7 1.895 9.6 1.45 Moving Bed
e 31.5 120.0 1.905 _ 1.30 Stat. Bed
.S5a 3L.5 110.9 1.895 9.7 1.40 Moving Bed
.5b 32,0 117.3 1.895 1.32 Stat. Bed
.6a 32,5 1116 1,900 9.7 1.39 Moving Bed
.6b 32.5 119.3 1,885 1.29 Stat. Bed
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- 'TABLE IIf (Contd.)

Material Temperature =~ Time Discharge Suspénded Velocity
and pipe Run secs, nett solids ft./sec.  Observations
size °C % Wiw '
cu.ft.
5.2.7a 33.0 107.8 1.900 9.7 1.44 Moving Bed
7b 33,0 116.9 1,905 | 1.33  Stat. Bed
.Ba 33.0 106.4  1.900 9.8 1.46 Moving Bed
.8b 33.5 116.4 1.920 1.35 Stat. Bed
Da 34,0 107.3 1.895 9.7 1.44 -Moving Bed
¢ 34.5 117,9  1.895 | 131 Stat. Bed
.10a 35.0 110.1 1.885 9.8 1.40 Moving Bed
106 35.0 17,6 1,895 1.32 Stat. Bed
dla 350 109.4 1,905 9.8 142  Moving Bed
.11b 35.0 117.5 1.895 1.32 -Stat, Bed
.12a ‘35,0 107.0 1.895 7 ‘9.8 1.45 Moving Bed
126 35.0 1179 1.900 132 Stat. Bed
Talc 5.1.1a 22,0 49.1 1,925 0.7 1.80 Moving Bed
Hnpee L s 62.4 1915 | 141  Stat. Bed
.2a 24.5 52.1 1,925 9.7 1.69 Moving Bed
.2b 25.5 62.5 1.900 1.39 Stat. Bed
3a 26.5 " 538 1910 9.6 1.63 Moving Bed
b 2.5 6.1 1915 | 133 Stat. Bed
4a 27.5 52.7 1.885 9.7 1.64 Moving Bed
.4b 28.0 64.2 1.920 1.37 Stat, Bed
Sa 28.5 54.9 1.925 9.6 1.61 Moving Bed
Sc 30.0 647  L915 1.36  Stat. Bed
.6a 30.0 55.9 1.920 9.7 1,57 Moving Bed
6b 30,5 63.0  1.895 138 Stat. Bed
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TABLE Il {Contd.)

Material Temperature Time  Discharge Suspended . Velocity
and pipe Run o secs. nett solids fe./sec.  Observations
size C % Vi
5.1.7a 310 56.5 1.900 9.7 1.54 Moving Bed

.7b 31,0 63.6 1:905 1,37 Stat. Bed
.82 3Ls 56.7 1.915 9.7 L.55 Moving Bed
B¢ 32.0 63.6 1895 1.35 Stat. Bed
9a 32.5 7.5 1920 9.7 1.53 Moving Bed
.9b 32,5 63.2 1.890 1.37 Stat, Bed
J0a 33,0 56.8 1.910 9.7 1.54 Moving Bed
.10b 33.0 64.0 1.925 1.38 Stat, Bed
Jla 33,0 52.8 1.936 9,8 1.68 Moving Bed
11b 33,0 625  1.905 140 Stat. Bed
.12a 33.5 53.6  1.905 0.8 1.63 Moving Bed
126 335 65.2 1915 134 Stat. Bed
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TABLE 1V
¥—inch pipe 1—inch pipe - ——ﬁéji‘ﬂ_:

Effective Mecan Concen—| Moving |Stationary | Mean concen~— Moving |Stationary| Mean Concen— |
SYSTEM Density tration Bed Bed tration Bed Bed tration

ratio Citculated Velocity|Velocity | Circulated Velocity | Velocity | Circulated

Ps—-Ly Vi Vs Vi Vs :

o1 %W/W %V/V ft/sec. ft/SeCa %W/W %V/V ft/sec, ft/sec, %W/W %V/V
Talc—
water 1.7 9.3 | 3.7 1.37 1.17 9.9 | 39 1.42 1.21 9.7 | 3.8
Barium 3.5 5.0 | 1.2 1.56 1.45 5.5 | L3 1.45* 1.34* 57 | L3
sulphate- 9.1 2.2 L55 1,41 9.6 | 2.3 1.59% 1.41* 9.5 | 2.3
water ‘ 15.5 | 3.9 1.55 | 1.44 16.2 | 4.1 1.63* 1.42*% 15.7 | 4.0
Means| 9.9 1.55 1.43 10.4 1.56% 1.30* 10.3
Red Lead— | 8.1 - - - - 6.7 | 0.79 2,12 1.84 - -
water 7.8 | 0.92 1.92 1.78 9.0 | 1.1 2.20 1.98 9.5 | 1.1
14,2} 1.8 2.15 1.70 14.8 | 1.9 2.29 1.97 15.0 | 1.9
‘Means 11.0 2.04 1.74 10,2 2.20 1.93 12.3

HR1
Tungsten—
water 18,3 - - - - 6,2 | 0.34 - 2.62% - -
BHP Tung— .
sten—water | 18.3 5.8 | 0.32 - 2.54 8.2 | 0.46 - 2.75 8.4 0.48

'* AAEC/E 16

t AAEC/E 5
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Barium sulphate—
water

Red lead—water

System Test
Pipe

Talc—water % in,
1 in,
14 in,
2 in,

3 in.
1 in.
14 in.
2 in.

% im,
lin,
14 in,
2 in.

B.H.P, tungsten—
water -

UO32-NaK(2) 25°C
450P¢;

~ Lime—vatedB) 10%

HR1 tungsten—wates

!in.
Y in,
1 in.
14 in,

2 in,

0.437 in(1)

 10.2 cm

0.437 in(1)

vln b
fe/sec| ft/sec
1.37 1.17
1.42 .21
145 1.30
£.07 1.37
L55 1.43
1.56 1.39
1.85 1.62
1.97 1.73
2.04 1.74
2.0 1.93
2.47 2.38
2.57 2.43
- 2.67
- 2,54
- 2.7%
3.06 3.00
3.17 3.09
2.1
2.4
0.90

Vs

—32-.

TABLE Y

I
ft

0.06300
0.08367
0.1248
0.1608

0.06300
0.08367
0.1248
0.1668

0.06325
008367
0.1248
0.1668

0.08292

0.06300

0.08367
0.1248
0. 1668

0.03642

0.03642

0.3344

(1)

0.5753
0.6088

i 0.659%

0.0988

0.5753

0.6088
0.6595
0.6988

0.5757
0.6088
0.6595
0.6988

0.6077

0.5753
0.6088
0.6595
0.6988

0.5156 .

0.5156

0.8032

[Pg—-P”O'
A,z

1.172
1.k72
1.172
1.172

1.456
1.456 -
1.456
1.456

1.874
1.874
1.874
1.874

2.392

2.392
2.392
2.392
"2.392

3

2.081

2.169

0.2
2

_ 0.3]
Ps=p)
{ "’f"i"*] }

0,674

“ 0714

0.773
0.819

0.438
0.880
0.960
1,017

1.079
1141
.73

L3100
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Photograph of loop operating with 2-in, test pipe installed,

FIGURE 1



EFFECTIVE DENSITY RATIO (a’—‘o“

Ps

w —
MOVING BED STATIONARY B8ED
2 . KEY
Tungsten —o ax o 2-in pipe. —
a t-in pipe.
ol-in pipe.
x 2-in pipe.
(o o
O —
8 |- Red Lead-»ofs ox
q —
O —
S .
Previous Correlation (3)
4
Barium _y ¢
Suiphate
3
N .
Tale X
: ) “ | | | | | | _
o] I 2 3 4 (o] i 2 3 4

VELOCITY Vm ft./sec.
Fig-2. Effective

Density Ratio vs Horizontal

VELOCITY Vs ft./sec.
Settling Velocity.




10

Talg — Hao
Ba sqr Hao
Pb304- H 20
W — H 20

D oo N o

n
x op o

VELOCITY Vm. ft/sec
»N

\

MOVING BED. /
/:/

10/1-0

RERE

.\

VELOCITY Vs, ft./sec
n
o 3
) -

STATIONARY BED. _ n
’:";’/y
o | R S S T I | I
0:1 2 3 4 5 6 7 8910 2 3 4 5
' PIPE SIZE inches,
Fig.3, Horizontal Settiing Velocity vs Internal Pipe Diameter.

reo



VELOCITY Vm. $t./sec.

VELOCITY Vs. ft./sec.

9 b—
8 |
7 KEY
0 §—in pipe
6 A |—in plpe
3 O H—in pipe
x 2—In plpe
4 —
3
MOVING BED,
2—in, pipe.
22—
it — in. plpe.
"$—in. and I—in. pipes.
Q—
8 j—-
7 e
6 +———
5 -
4 —
3._....
STATIONARY _BED,
2+ - , ,_ 2—in. pipe.
\0 I —in, pipe.
2 —in. and |—in. pipes.
o | L 1 bl |
o) 2 3 4 5.6 78910 o o2

EFFECTIVE DENSITY RATIO

2
Fig. 4. Horizental Settling Velocity vs. Effective Densi(:y Ratlo.

pae



VELOCITY Vm. ft./sec,

h o W o000

T
|

10/1.0 [—

VELOCITY Vs, fjt.! sec.

o o~ ® o

E-N

KEY

Tale =~ Hz0|/ . )
n

Ba 504""‘ H20 Investigatio
Pb3 O4 — Ha0

w — Ha O
UOs ~— NakK(2)
Lime — HyO(Q)

e XOPDoO

MOVING BED

A (Scc Tcxt)

STATIONARY BED

l l || | I |

I
2 3 4 5 6 7

|

8

()0 Q(Ps P£> O.
Ce

Fig. 5. Horizontal Settiing Velocity vs. ©° 2("‘ P‘) 0.3

|
9 1.0 2
3







