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Abstract

To develop chemical heat pump of higher energy density and efficiency heat —release

characteristics accompanied by exothermic hydration reaction in packed bed, Ca(OH),/CaO re-

actor, are examined in a lab—scale unit. We have studied the enhancement effect of inserted

fins in cylindical packed bed reactor.

The results obtained by numerical analysis about profiles of temperature, completion time of

reaction and exothermic heat amount released from the reactor read the insertion of fins in

reactor can reduce the reaction completion time by half and the rate of thermochemical reac-

tion depends on the temperature and concentration, and it is also governed by the boundary

conditions and the rate of heat transfer in the particle packed bed.
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transfer enhancement.
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ALBetE

b : Coordinate of Cu fin thickness
direction [m]
be. : Thickness of Cu plate fin [m]

b, : Thickness of reator wall [m]
C. : Concentration of water vapor
[mol/m3]

C. : CaO mole number per CaO unit
volume [mol/m3]

C,. : Specific heat of gas [J/mol-K]

C,, : Specific heat of particle {J/kg-K]

Com20 Coains Cposo, Cocaton 25 Cpcws G
Specific heat of water vapor [J/kg-K]

76

D. : Effective diffusion coefficient of gas
[m?/s]
d, : Diameter of particle [m]

D, : Diffusion coefficient of gas between
water vapor and air [m2/s]

4 G° : Standard Gibbs energy change
[KJ/mol]

G, : Mass flow rate of steam [g/hr]

H, : Reaction heat of CaO+H,0=Ca
(OH),[J/mol]

h. : Heat transfer coefficient [W/m2-K]

4 H° : Standard enthalpy change [kJ/mol]

K  : Equilibrium constant [-]

Ki eos Koo - Reaction rate constant of
exothermic and endothermic reaction
[s™']

M0, M, Meo, Mexony, - Molecular weight of

steam [kg/mol]
P . Partial pressure of water vapor or
water vapor pressure [atm]

Pu,o : Partial pressure of steam [atm]

P, : Water vapor pressure at equlibrium

[atm or mmHg]

P, : Saturated water vapor pressure [atm
or mmHg]|
r : Coordinate of radius direction [m]

r. : Radius of packed bed [m]

r, r, I; . Outside radius of reactor inner
tube, Inside radius of reactor outer
tube, Outside radius of reactor outer
tube [m]

R : Reaction rate of CaO + H,0=Ca
(OH),[mol/m3 —s]

R : Gas constant [J/mol-K]
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R, : Gas constant [82.05
atm —cm3/mol — K]

4 S° : Standard entropy change
[kJ/mol —K]

t : Time [s, min or hr]

taw - Thickness of gas film between bed
and Cu fin or reactor inner wall [m]

T : Absolute temp. [K]

T* : Turning temp. [K]

T, : Temp. of heater [K]

T, : Starting temp. [K]

T,, T., : Outside wall temp. of reactor inner
tube, Inside wall temp, of reactor
outer tube [K]

T, : Setting temp. of reactor wall [K]

u : Absolute velocity of gas [m/s]

U, : Superficial velocity of gas [m/s]

Wi, : Steam flow rate per unit area at
entrance part of packed bed
[mol/m2 —s]

X  : Conversion of CaO, Ca(OH), [—]

X0, Xeaow, - Mole fraction of CaO,

Ca(OH), [—]
z.  : Total bed height [m]
vi : Coordinate of axial direction [m]
a2|A 2K}

&v, & - Emmissivity of reactor wall and
bed [—]

B ¥Foll L1 =][Solar Energy] Vol. 17, No. 1, 1997

& - Porosity of bed [—]

6 . Coordinate of circular direction
[radian]

6. . Half angle between a Cu fin and
another Cu fin [radian]

o : Radiation constant [W/m?2 —K?#]

p. - Molar concentration of gas [mol/m3]

p, : Density of particle [kg/m3]

Pcsos Pasom» Pous Pas - Density of CaO,
Ca(OH),, Cu, Sus respectively
[kg/m3]

i : Dimensionless total pressure of the
reaction system [ —]

A Effective thermal conductivity of
packed bed [W/m—K]

/s A, : Thermal conductivity of particle, gas
[(W/m —K]

Acsos Acsomy Acus Asus Amio, Aar © Thermal
conductivity of CaO [W/m—K]

AlE S S
B : Bed

o : Initial
P : Particle
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Numerical Analysis of Heat Transfer in Packed Bed of
Ca(OH)./Ca0Q for Chemical Heat Pump

Jong-Shik Kim

Dept. of Chem. Eng., Keimyung Uni.,

Abstract

To develop chemical heat pump of higher energy density and efficiency heat—release
characteristics accompanied by exothermic hydration reaction in packed bed, Ca(OH),/CaO re-
actor, are examined in a lab—scale unit. We have studied the enhancement effect of inserted
fins in cylindical packed bed reactor.

The results obtained by numerical analysis about profiles of temperature, completion time of
reaction and exothermic heat amount released from the reactor read the insertion of fins in
reactor can reduce the reaction completion time by half and the rate of thermochemical reac-
tion depends on the temperature and concentration, and it is also governed by the boundary

conditions and the rate of heat transfer in the particle packed bed.
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