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Abstract

To develope chemical heat pump using available energy sources, solar heat and other kinds
of waste thermal energy, we have studied the heat transfer rate in cylindrical bed reactor
packed with calcined Dolomite.

Two dimensional(radial and circumferential) partial differential equations, concerning heat
and mass transfer in packed bed of calcined Dolomite, are solved numerically to describe
the characteristics of the reaction of calcined Dolomite and heat transfer.

The results obtained by numerical analysis about two dimensional profiles of temperature
and conversion of reactant in the packed bed reactor and the amount of exothermic heat
released from the reactor are follows.

It was found that all of calcined Dolomite packed bed kept the reaction temperature of about
750K throughout the entire part of the bed, immediately after the steam was introduced
exothermic reaction of hydration was proceeded from the packed bed inpu to output and from
wall side to center.

The rate of thermochemical reaction depends on the temperature and concentration and 1t is
also governed by the boundary conditions and heat transfer rate in the particle packed bed.
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RS Y P Partial pressure of water vapor or
water vapor pressure [atm]
b : Coordinate of Cu fin thickness P y,0 ¢ Partial pressure of steam (atm]
direction (m) P., @ Water vapor pressure at equlibrium
bew ¢ Thickness of plate fin (m) (atm or mmHg)
bes © Thickness of r Cueator wall (m] P. : Saturated water vapor pressure
C, : Concentration of water vapor (mol/m”) (atm or mmHg]
C.. : D mole number per D unit r . Coordinate of radius direction [m)
volume [mol/m°) r. - Radius of packed bed [m)
C,e - Specific heat of gas (J/mol-K] r,, rs, rs : Qutside radius of reactor inner
C,p - Specific heat of particle (J/kg-K] tube, Inside radius of reactor
C o110 Coairs C o0y C ooty Cp.cus C peus outer tube, Outside radius of

reactor outer tube [(m)
R : Reaction rate of DH (mol/m>s)
R . Gas constant (J/mol-K)

. Specific heat of water vapor, air,
calcined dolomite, Hydration of
calcined dolomite, copper, stainless

steel (J/kg-K) R,  Gas constant [82.05 atm-cm”/
D. : Effective diffusion coefficient of mol-K]
“gas (m?/s) AS° @ Standard entropy change (kJ/mol-K]
dM, : Diameter of particle (m] t . Time (s, min or hr]
D, : Diffusion coefficient of gas between Lhitm - Thickness of gas film between bed
water vapor and air (m”/s) and Cu fin or reactor inner wall [m)
AG° @ Standard Gibbs energy change T" T: Absolute temp. (K]
(kJ/mol) : Turning temp. (KJ
G. : Mass flow rate of steam (g/hr) T, : Temp. of heater (KJ
H, : Reaction heat of DH (J/mol] T,  Starting temp. (K]
he : Heat transfer coefficient (W/m™K) T., T, : Outside wall temp. of reactor
AH° : Standard enthalpy change (kJ/mol] ~ inner tube, Inside wall temp. of
K : Equilibrium constant reactor outer tube (K] |
K g ewar Kaea | Reaction rate constant Ts : Setting temp. of reactor wall (K]
of exothermic and endothermic u © Absolute velocity of gas (m/s]
reaction [s1) u, - Superficial velocity of gas [m/s]
m g,0, My, Mp, Mpyg- Molecular weight W u,0 © Steam flow rate per unit area at
of steam (kg/mol) entrance part of packed bed (mol/m™s)
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Table 1. Constituent analysis of calcined dolomite

Component MgO CaO S102 Fes03 lg.loss
Wt% 13.00 34.4 0.71 0.08 46.81
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addolomite FEAS o] &g WAEA A Tt
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Scheme 1. Schematic diagram of the chemical heat-pump unit employed
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Fig, 1 Detail drawing of the reactor
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Fig. 2 Flowchart of numerical calculation
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Fig. 3 Temperature and conversion variation in the axial direction with time (r/rL=0)
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Fig. 4 Temperature and conversion variation in the axial direction with time (r/rL=0.5)
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Fig. 5 Temperature distributions at hydration, z = 125 mm
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Fig. 6 Conversion distributions at hydration, z = 125 mm
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