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Abstract — The effect of pipe diameter on the minimum transport velocity of settling slurries through
horizontal pipes was experimentally investigated for uniform size particles. A new correlation for the deter-
mination of the minimum transport velocity based on the similarity between the relative velocity of particle
in settling and transport condition was obtained using the experimentally determined terminal falling velo-
city. The effect of pipe diameter was included in the average turbulent intensity at infinite dilution, which
was correlated as a function of pipe Reynolds number by the regression analysis of experimental data. The
calculated results agreed with experimental data within 5% of root mean square deviation.
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Fig. 1. Schematic diagram of apparatus for

minimum transport measurement.
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Table 1. Comparison of experimental settling velocity with calculated results.

mean diameter | particle size terminal velocity. U index, n
(em) (mesh) Cale exp Calc exp Re,p
253 -50 +65* 2.81 2.77 3.29 3.40 6.46
163 -80 +100 1.91 1. 92 3.59 3.45 2.92
137 -100 +120 1.37 1.34 3.71 3.84 1.71
115 -120 +150* 0.99 0.98 4,28 4.47 1.02
89 -150*+200 0. 56 0. 56 5.31 5.78 0.46

*: U.S. Tyler sieves, others ASTM
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minimum transport velocity for 100-
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tions with experimental data.

SERE e

Correlation Overall %rms dev
Durand and Condolios 31.02
Oroskar and Turian 20. 54
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NOMENCLATURE
C : concentration of slurry, volume fraction

C, : drag coefficient for a sphere settling at
terminal velocity in quiescent fluid
D : diameter of pipe, m
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diameter of solid particle, m
voidage of suspension, equation (11)
friction factor
acceleration due to gravity, m/sec2
average turbulent intensity
. index, equation (13)
e : pipe Reynolds number, DV.. 2/u
Re,p: particle Reynolds number, dU. 2/u
S : ratio of solid particle to liquid density
Uc : sedimentation velocity of particles in
suspension, m/sec
U. : terminal falling velocity of a particle,
m/sec
V. : fluid velocity for limiting case of infinite
dilution, m/sec
Ve : minimum transport velocity of slurry,
m/sec

o ORI e o

~

Greek letters

a,f: regression constants, equation (4)
p : liquid density, kg/m>

pr : particle density, kg/m>3

¢ viscosity of carrier fluid, kg/m.sec

Dimensionless groups

Re : pipe Reynolds number, DV.o/u
Re.p : particle Reynolds number, dU=2/u

REFERENCES

1. Blatch, N.S.: Trans. ASCE., 57,400 (1906).

2. Newitt, DM. et. al.: Trans. Inst. Chem,
Engrs., 33,95 (1955).

3. Howard, G.W.: Trans. ASCE., 104, 334
(1939).

10.

11,
12,

13.

14,

15.

16.

17.

18.

. Wilson, W.E.;; Trans. ASCE., 107, 1576

(1972).

. Condolios, E. and Chapus, E.E.: Chem. Eng.,

July 8,131 (1963).

. Hughmark, G.A.: Ind. and Eng. Chem. 53,

389 (1961).

. Sinclair, C.G.: Proc. Syn, Interaction Be-

tween Fluids and Particles, Instn. of Chem,
Engrs, (London), June (1962).

Durand, R. and Condolios, E.: “The Hy-
draulic Transportation of Coal and Solid
Materials in Pipes”, Paper presented No-
vember 5 (1952), at the London Colloquium
of the National Coal. Board, Neyrpic,
Grenoble-Beauver Report 1. 3. 341,

. Spells, K.E.: Trans. Instn. Chem. Engrs,

London, 33,79 (1955).

Wasp, E.W, Kenny, J.P. and Grandhi, R.L.:
“Solid-Liquid Flow Slurry Pipe Line Trans-
portation”, Trans. Tech. Pub., Clausthal,
Germany, 12 (1979).

Sask.: Res. Council. Report E-73-12 (1973).
Lowenstein, J.G.: Chem. Eng., 66, 133
(1959).

Oroskar, A.R. and Turian, R.M.: AIChE J,,
26, 550 (1980).

Kim, H.T., Han, K.S., Park, CK. and Lee,
C.S.: Hwahak Konghak 22,115 (1984).
Laufer, J.: Natl. Advisory Comm. Aeronaut.,
1174 (1954).

Coulson, J.M. and Richardson, J.F.: “Chemi-
cal Engineering”, Vol. 2 3rd. ed., Pergamon,
N.Y., p. 179 (1978).

Parzonka, W., Kenchington, J.M. and Charles,
M.E.: Can.J. Chem, Eng., 59,291 (1981).
Han, K.S.: Ph.D. Thesis, Korea University,
1983.

HWAHAK KONGHAK Vol. 24, No. 1, February 1986



