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Abstract: To develope chemical heat pump using available energy sources such as solar heat and many kinds of waste
thermal energy we have studied the enhancement effect of inserted fins in cylindical packed bed reactor. Two dimensionnal
(radial and circumferential) partial differential eqaetions, concerning heat and masstransfer in CaO packed bad, are solved
numerically to describe the characteristics of the reaction of fins inserted reactor and heat transfer. The results obtained by
numerical analysis about two dimensional profiles of temperature and conversion in the reactant in the packed bed and exo-
thermic heat amount released from the reactor are follows; —. The insertion of fins in reactor can redue the reaction com-
pletion time by half. —. The rate of thermochemical reaction depends of the temperature and concentration and it is also
governed by the boundary conditions and heat transfer rate in the particle packed bed.

(APSI- A 2ol e 59 D =R o] g
3 ALHAT ek ol et A2 dolg A

AAA] zrlel dviet A3 F7hgol Wet CO,  shtdd Tedddd B4R S5 e Yehhe
2 A% BRTA A4S AFHT e eul B Ca(OH),/CaOA 7Hwres olfw wsia wige
T HPIEE oS8T $2. $eU140) 50l @ 1 145E 4E vk YBHo T Farad 5

518



5y

|d
ol
m[o

A4 Ae 271
s 01%6— 7é“r°ﬂ\_ FAFH
5 Aol 2asty] el q7le #F AHA
2 583 5 ALY @ o I
A

oft oY, n® = auR
It oXx ol it

o4 o] EeAE FUE AP 7 } o}
499 SELE BAA Slold BEAAY
, SE BAA, HEEEAT olgd W3FU
& 9 ALATY FANNE FHgon, 2o

£ > 8 jo = e X
(3

2. 0

rhu

2.1, A 24
2 oa7ol AHeT ez 49 4
Waels 4437l 50l olon ojdZozy
el A 4D $37) AR fRoz 2T

Ca0%} #he3ted Ca(OH). 7} AAHRA 3Het
Qo] wARTh A4E 245 WeT] IRE B
4 A7lelEel o URT 58
24712 B A5z A s g,

o[o _2,

1&%71011*14 ds}et *&%FJr A 9 dAg
2317 S8 d-ev19 4% a4 2d¢ Fig
veldlgled. Fig. 2(a)e ®H-7ld Feld A
AXE 49 w29 &4 a2fot) (a)
Q99| blade 7} 69| Y 7349 W24 Hof

£ 2324 w22 W7 12em, ¥°] 60cm,
Z74 0.3ecme Aglg2A EY uLr] Lo
Ca0 siztg HAAMFEE Fo] 30em7iA] A& Ao
o 133 @IZAE 2 Ao 4 FAR(r
/ri=0)%}, A BHE WAE Wk B F7HR(r/
ri=05)a ¢4 Zolz} 30, 110, 270mme) =
oltt. (b)E uhg7] ol A AU blades7}
6rld A$2A AdAz A Alo]9) 7 £ e

o ox X
i = ao o b

m[o

N e R
rzi

| SGA~w e FF AF (1D 519

Ca0/Ca(OH).:

Reactor Insulation

e ———————— — — —

Symmetric - A i.r
in
line

Steam(H,0) in

Fig. 1. Simplified analytical model.

(b) top view sketch

Fig. 2. Copper plate fin for the heat transfer en-

hancement.
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Table 1. Physical Properties of Reaction Material and Reactor Size Used in Calculation
Symbol Data Symbol Data
ry 6.00 X 107 m Ch.caomz 1.449 x 10° J/kg-K
I 6.30 X 107 m Cpcw 4.190 x 10° J/kg-K
Iy 11.00 X 1072 m Cp,sus 5.690 x 10°® J/kg-K
I3 11.30 X 107%m Mo 1.80 x 107* Kg/mol
ZL 30.00 x 107 m Mair 2.88 x 107% Kg/mol
bey 0.10 X 107 m Mcao 5.60 x 107* Kg/mol
e 0.30 X 10°m Meagon? 7.40 x 107% Kg/mol
titm 0.06 x 1072 m Acao 9.2 W/m-K
d, 010 X 1072 m Acatomz 35 W/m-K
& 0.7 Ace 378.0 W/m-K
oCa0 3.320 x 10° kg/m? Asus 21.0 W/m-K
oCalon), 2.240 x 10° kg/m® Ao —5.71 x 107* + 7.25T x 10°°
ocu 8930 x 10° kg/m® + 228 x 107 T° W/m?-K
psus 7.930 x 10%* kg/m? Aair —-99 x 10°*
Cr.uy0 2.062 x 10° J/kg-K + 595 x 10 T W/m-K
Cr.air 1.064 x 10° J/kg K he 5.9 W/m*K
CP.cao 0.905 x 10° J/kg-K
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Fig. 4. Temperature and conversion variations in the axial direction with time (r/r, =0, without copper plate fin).
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b : Coordinate of Cu fin thickness direction
[m]
bes 1 Thickness of Cu plate fin [m]
b.s  : Thickness of reator wall [m]
C, . Concentration of water vapor [ mol/m?®]
C., :Ca0 mole number per CaO unit volume
[ mol/m?}

C,  : Specific heat of gas [J/mol-K]
C, . Specific heat of particle [J/kg-K]
Cr.1,0, Cpsair, Cr.ca0, Cr.caton),,Cr.cu, Cossus | Spe-

cific heat of water vapor [J/kg-K]

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

vapor and air [m?/s]
A4G® : Standard Gibbs energy change [kJ/mol]
G,  : Mass flow rate of steam [g/hr]
H, ! Reaction heat of CaO+H,0=Ca(0OH),

[J/mol]
he . Heat transfer coefficient [W/m?-K]
AH° : Standard enthalpy change [kJ/mol]
K : Equilibrium constant [ -]

K exor Kaento - Reaction rate constant of exothermic
and endothermic reaction [s™']

mH,0, mair, mCa0, mCa(oH), . Molecular weight of
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528 u} of g
steam [kg/mol ]
P : Partial pressure of water vapor or water

vapor pressure [atm ]
Pn,0 : 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]

Iy, Iy, r3. Outside radius of reactor inner tube, Inside
radius of reactor outer tube, Qutside radius

of reactor outer tube [m]

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

R . Gas constant [ J/mol-K]

R,  : Gas constant [82.05 atm-cm®/mol-K ]

A4S Standard entropy change [kJ/mol-K]

t : Time ['s, min or hr]

tum . 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]

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

Ts  : Setting temp. of reactor wall [K]
u : Absolute velocity of gas [m/s]
u, : Superficial velocity of gas [m/s]

Wh,0 : Steam flow rate per unit area at entrance
part of packed bed [mol/m?-s]

X > Conversion of CaQ, Ca(OH), [~]

Xcao, Xcatom, : Mole fraction of CaO, Ca(OH), [-]

ZL . Total bed height [m]
z : Coordinate of axial direction [m]
aziA 2%

&y Ewa - Emmissivity of reactor wall and bed [-]

&s > Porosity of bed [ —]
6 : Coordinate of circular direction [radian]
6. . Half angle between a Cu fin and another

Cu fin [radian]

T3 A7A A3 3, 1996

2 - AFA
o : Radiation constant [W/m>-K*]
¢ . Molar concentration of gas [mol/m?®]
or . Density of particle [kg/m®]

0Ca0, gCalOH), gCu, gsus : Density of Ca0, Ca(OH),,
Cu, SUS respectively [kg/m?]

g : Dimensionless total pressure of the reaction
system [ -]

Ae : Effective thermal conductivity of packed
bed [W/m-K]

Ap, A . Thermal conductivity of particle, gas [W/m
K]

ACa0, Jca(om), ACu, Asus, AH,0, Aair : Thermal con-

ductivity of CaO [W/m-K]

AgOS
B . Bed
0 ; Initial
P . Particle
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