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Analysis of a Gas-Particle Direct-Contact Heat Exchanger
with Two-Phase Radiation Effect
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Radiative Heat Transfer in Two Phase Media (24 vj)

Abstract

A direct contact heat exchanger using particle-suspended gas as a heat transfer medium is
analyzed with an extended emphasis on the radiation, i. e., considering the radiation by both gas
and particles. While the Runge-Kutta method is used for a numerical analysis of the momentum
and energy equations, the finite volume method is utilized to solve the radiative transfer equation.
Present study shows a notable effect by the gas radiation in addition to the particle radiation,
especially when changing the chamber length as well as the gas and particle mass flow rate. When
the gas and particle mass flow rate is raised, the gas temperature in the particle heater still
increases as the gas absorption coefficient increases, which is different from the results for the
small scale heat exchanger.
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Table 1 General thermodynamic properties of
gas-particle mixtures.

Property Definition Unit
Number density of sl A s
. Np=—"F 2> m
the particles 05 (7d3/6) up
Volume fraction of - 7l'dp
. Ny —
the particles
Gas concentration Oe=pg(1—8) Kg/m®
Particle
. 0p=ppf Kg/m
concentration
Loading ratio p="0 _ Oollp
Mg Ogltg

Table 2 Properties of solid particle.
(a) Norton Mater Beads™

Property Quantity
Density, pp 3130kg/s
Specific heat, ¢, 1057)/kg - K
(b) Stainless Steel
Property Quantity
Density, p, 8330kg/s
Specific heat, ¢, 461)/kg - K
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Table 3 Operating conditions of small scale air
preheater and particle heater.

Conditions Air | Particle
Preheater | Heater
Gas inlet temperature, 283K 1700K
TSJS
Particle inlet 1370K 480K
temperature, T,
Loading ratio, 5 1 1
Gas mass flow rate per skg/s - m? | 4kg/s - m?
unit area, mg/A
Inlet chamber pressure, p 4atm 4atm
Chamber length, L 5m 5m
Solid particle used Stainless | Stainless
steel steel
Particle diameter, d, 1.6mm 1.6mm
Tow wall emissivity,
Ew,top ! !
Bottom wall emissivity,
0.95 0.95
Ew,bottom
Particle emissivity, e, 0.95 0.95
o) =§8;(sin ¥ Weos¥) (24)
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Fig. 4 Temperature profiles for various gas absorp-
tion coefficients: air preheater and particle
heater.
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Fig. 5 Temperature profiles for various chamber
length: air preheater and particle heater.
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