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Abstract— The study on the heat transfer characteristics between tube wall and slurry flowing through the ver-
tical tube was investigated. To calculate heat transfer coefficient, experiments were conducted by varying sturry flow
rate, particle size and concentration of particles and it was found that the rate of heat transfer in the slurry flow was
larger than that in the simple water flow and it increased as the slurry flow rate and concentration of particles increased
and particle size decreased. A heat transfer model considering the effect of the collision of suspended solid particles
with its clinging film with the surface of copper tube was proposed and from which the heat transfer characteristics

could be explained very well.
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Fig. 1. Particle surrounded by a film of liquid A
thick, being rolled over tube surface by a
velocity gradient.
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2. Schematic diagram of experimental ap-
paratus.
1. mixing tank 2. impeller
3. centrifugal pump 4. test section
5. glass wool 6. manometer
7. ball valve 8. stop valve
9. venturi meter 10. copper tube
11. motor 12. heat exchanger

13. cooling pipe

14. constant temperature regulator
X. position of thermocouples
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Table 1. Experimental conditions

Variables Range of operations
Mean diameter of solid 47.50- 135.48
particles (um)

Solid concentration 4.0 - 10.0
(%VIV)

Flow rate of slurry 6.0 - 10.0
(//min)
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Fig. 3. Heat transfer coefficient without par-
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NOMENCLATURE

. characteristic surface area of solid particle [cm?]
. radius of solid particle [cm]
: proportionality constant in eq. (4)
¢ heat capacity [cal/g®°C]
: inner diameter of pipe [c¢m]
: Fanning friction factor [-]
h;, h,, by heat transfer coefficient [W/ m?°C)
: Colburn j factor
: thermal conductivity [cal/sec-cm-°C)
: length of pipe [cm]
: mass flow rate [g/sec]
: number of particles per unit area
. Nusselt number, hD/k
: Prandtl number, C, u/k
. heat flow rate [cal/sec)
: heat flux [cal/sec-cm?]
: Reynolds number, #DV/u
: Stanton number, h/eVC
: temperature [°C)
: time [sec]
: velocity [cm/sec]
. velocity of a particle [cm/sec]
. volume of a particle [cm”’]
. width [cm]

v -
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Greek Letters

A : thickness of film surrounding particle surface

siEtEst 273 X535 19897 10

3 kW W)

CEEA
[cm]
0 : boundary layer thickness [cm]
P . density [g/cm’]
# : viscosity [g/cm-sec]
¢ : volume fraction of particles
Subscripts
cu : copper tube
b : bulk fluid phase
I : liquid phase
s : solid phase
sl : slurry phase
w : at tube wall
REFERENCES
1. Murakami, Y. and Toh, M.: Kakaku Kogaku Ron-
bunshu, 49, 275 (1985).
2. Salamone, JJ. and Newman, M.. /nd Eng
Chem., 47, 283 (1955).
3. Kunii, D. and Smith, J.M.: AICRE J., 71, 6 (1960).
4. Ahuja, AS.: J. Applied Physics, 46, 3408 (1975).
5. Ahuja, AS.: J Applied Physics, 47, 775 (1976).
6. Konno, H. et al.: Kagaku Kokagu Ronbunshu,
464 (1979).
7. Quader, AKH.A. and Wilkinson, W.L.: /nt
Multiphase Flow, 12, 545 (1981).
8. Kwon, S.K. and Doh, D.S.. HWAHAK KONG-
HAK, 23, 19 (1985).
9. Toda, M. et al.: Int. Chem. Eng., 9, 553 (1969).
10. Ohashi, H. et al.: J. Chem. Eng. Japan, 13, 343
(1980).
11. Toda, M. et al.: J. Chem. Eng. Japan, 6, 140
(1973).
12. Bhaga, D. and Weber, M.E.: The Canadian J. of
Chem. Eng., 50, 323 (1972).
13. McAdams, W.H.: Heat Transmission, 3rd ed., Mc-
Graw-Hill, 1954.
14. Vand, V.. J Phys. and Colloid Chem., 52, 300
(1948).
15. Tareef, M.: Colloid J. USSR, 6, 545 (1940).



