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Finite Element Analysis of Flow and Heat Transfer In Solid Particle
Moving Beds of Heat Exchanger

Wan-Sul Lee, Sung-Kie Youn and Sang-Il Park

Key Words : Solid Particle Moving Bed(z#|¢J#t ©]%%), Heat Exchanger(dm3t>]),
Gravitational Flow (F#-#%), Viscous-Plastic Flow Model (A £ 4 f5xdl)

Abstract

Numerical analysis for the flow and heat transfer in solid particle moving beds of heat
exchangers is presented. The solid particle flow through the bundle of heat source tubes by the
gravitational force. The heat energy is transferred through the direct contact of particles with the
heat source tubes. The viscous-plastic fluid model and the convective heat transfer model are
employed in the analysis. The flow field dominantly influences the total heat transfer in a heat
exchanger. As the velocities of solid particles around the heat source tubes increase, the amount
of heat transfer from the tubes increases. Some examples are presented to show the performance
of the numerical model. The flow effect on the heat transfer is also studied through the examples.
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Table 1 Flow and heat transfer properties of used particles.

Properties Sand (637 pm) Sand (203 um) Glass (820 um)
Particle density (kg/m®), op 2600.0 2590.0 2690.0
Bulk density (kg/m?®), o 1500.0 1450.0 1560.0
Particle diameter (mm), d 0.637 0.203 0.82
Fractional solids content, r, 0.58 0.56 0.58
Angle of internal friction (°), ge 32.0~42.0 32.0 27.3
Angle of friction with wall (°), ¢w 22.3 24.7 11.8
Thermal conductivity (w/m K}, ke 0.43 0.29 0.16
Thermal capacity (kJ/kg K), ¢, 740.0 740.0 810.0
714, Ke ¥e A g dapste dds —— o 133]
soleh, T(0,x)% dAdeldd iz exeln 1 —n
Twe 4499 2=eolth —— (1.000]
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h= K[%‘% ’}O]x)] (2.23) . Pasition (m) .

w bl Fig. 2 Temperature of outlet with respect to mesh
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Fig. 3 Analysis region and corresponding boundary
conditions(hl=h2=150 mm, w=200 mm, d=
38 mm).
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Fig. 4 Outlet temperature profile of analysis(A) and
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o

7] - wpaddd 749
—A— Experiment
~&— Analysis

300
2504
1501

heat transtercoeticient (W/m “K)

L
100

—
200

e ——
300

Angle (degree)

Fig. 5 Local heat transfer coefficient around tube
(mass flux=3.8 kg/(m?%)).
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Fig. 6 Computed temperature fields around a tube
(sand (637 xm), R=19 mm, mass flux=3.8 kg/
(m?s)).
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