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Abstract: To develope chemical heat pump, which is operated by heat of high temperature using available energy
sources such as solar heat and many kinds of waste thermal energy we have studied theoretically the enhancement ef-
fects of inserted fins on the rate of heat transfer and reaction in cylinderical Ca(OH), 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 as the inserted copper fins in reator reduce the completion time of dehydration reaction
in packed bed by half, and the rate of thermochemical reaction 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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(b) top view sketch

Fig. 1. Copper plate fin for the heat transfer en-

hancement.
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23517] WFol #AZ EAR Y] HEs s £ 29 D. : Effective diffusion coefficient of gas
A o 4 ek [m?/s]
d, : Diameter of particle [m]
AR & D. : Diffusion coefficient of gas between
water vapor and air [m?/s]
b . Coordinate of Cu fin thickness direction 4G° : Standard Gibbs energy change [kJ/mol ]
[m] G, : Mass flow rate of steam [g/hr]
be.  : Thickness of Cu plate fin [m] H, : Reaction heat of CaO+H,0=Ca(0OH),
bas © Thickness of reator wall [m] [J/mol]
C, : Concentration of water vapor [ mol/m?®] he  : Heat transfer coefficient [ W/m?-K]
C., :Ca0 mole number per Ca0O unit volume A4H° : Standard enthalpy change [kJ/mol ]
[mol/m?] K : Equiibrium constant [ — ]
C,  : Specific heat of gas [J/mal-K] Ky eor Kaendo - Reaction rate constant of exother-
Cp  : Specific heat of particle [J/kg-K] mic and endothermic reaction [s™']
Co 1y Coain Cocaon G, catom s Cocwr Co s+ Specific Mi,0, Mair, Meso, Meaiom, + Molecular weight of
heat of water vapor [J/kg-K] steam [kg/mol ]

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.6, 1996



1190

temperature

/’\\
(b) /4/§// \
//A;_// |

fin side 2=30 mo

conversion

ColgAl - AEA

temperature conversion
z=2Y = R
u ll z=zlY ki

m= 300K \%% =0 .05
Bl 350K 0.1
=awt 400K =0 .15
| 450K |20 .20
BN 500K EEQ .25
E 550K R0 .30
Bl 600K WO .35
650K TE.0.40

766K EEEQ . 45
750K 0 .50
B 800K X0 .55
= 850K X¥0.60
900K =20 .65
=3 350K Q.76
B 1000K EERO .75
= 1056 R0 .86
W1100K R0 .85
=Z21156K EXR0 .30
W 1206K XR0 .95
ExR 250K Bx 1.0
0 1 300K

Fig. 9. Temperature and conversion distributions (Dehydration, with copper plate fin, t=200min).

PHZO
P.,

ry

Ty Iy r3:

: Partial pressure of water vapor or

water vapor pressure [atm]

: Partial pressure of steam [atm]

: Water vapor pressure at equlibrium

[atm or mmHg]

: Saturated water vapor pressure

[atm or mmHg]

: Coordinate of radius direction [m]

: Radius of packed bed [m]

Qutside radius of reactor inner tube, In-
side radius of reactor outer tube, Out-

side radius of reactor outer tube [m]

: Reaction rate of CaO+H,0=Ca(0OH),

[mol/m3-s]

: Gas constant [J/mol-K]

. Gas constant [82.05 atm-cm®/mol-K]
: Standard entropy change [kJ/mol-K]
: Time [s, min or hr]

Tdste, AI7W A 6%, 1996

tfilm

Ta, Tr,

Ts
u
Ug

ano

X

: Thickness of gas film between bed and

Cu fin or reactor inner wall [m]

: Absolute temp. [K]

. Turning temp. [K]

: Temp. of heater [K]

: Starting temp. [K]

: Outside wall temp. of reactor inner

tube, Inside wall temp. of reactor outer
tube [K]

: Setting temp. of reactor wall [K]

: Absolute velocity of gas [m/s]

: Superficial velocity of gas [m/s]

: Steam flow rate per unit area at en-

trance part of packed bed [mol/m?s]

: Conversion of Ca0, Ca(OH)* [ -]

Xcior Xcaiom,, - Mole fraction of Ca0, Ca(OH), [-]

ZL

z

: Total bed height [m]
: Coordinate of axial direction [m]



2z

seggzo el F715EA FLA2Pel B

A 2%

€w Ews . Emmissivity of reactor wall and bed [-]

€s
6
6

o

P
s

: Porosity of bed [-]

: Coordinate of circular direction [radian]

: Half angle between a Cu fin and another
Cu fin [radian]

: Radiation constant [W/m?-K*]

: Molar concentration of gas [mol/m?®]

: Density of particle [kg/m?]

Oca0s lOCa(OH)zy Ocuy Osus . DenSity Of Cao’ Ca(OH)Z;

Cu, SUS respectively [kg/m®]

g : Dimensionless total pressure of the reac-
tion system [-]

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

Ap A; : Thermal conductivity of particle, gas [W/
m-K]

Acao Acacom, Acu Aws Ano A © Thermal conductivity

247

of Ca0 [W/m-K]

. Bed
> Initial
. Particle
7 A
19961% =g FAT T2
ulo] oja) 27 Hglen, olo] A=Y,

ik

t1

Ho
rok

1. H. Matsuda, T. Ishizu, S. K. Lee, and M.

A+ (M) 1191

Hasatani, Kagaku Kogaku Ronbunshu, 11, 542
(1985).

. S. I. Pereira Duarte, O. A. Ferretti, and N. O.

Lemcoff, Chem. Eng. Sci., 39, 1025(1984).

. C. H. Lai, G. S. Bodvarsson, and P. A. Wither-

spoon, Numerical Heat Transfer, 9, 453(1986).

. H. S. Kheshgi, P. S. Hagan, S. C. Reyes, and J.

C. Pirkle, AICRE J., 34, 1373(1988).

. Y. H. Park, S. J. Chung, and J. S. Kim, J. Kore

an Ind. & Eng. Chemistry, 7, 518(1996).

6. R. Krupiczka, Int. Chem. Eng., 7, 122(1967).
7. D. Kunit and J. M. Smith, AICRE J., 7, 29

10.
11.

12.

13.

14.

15.

16.

(1961).

. R. N. Pande and F. Gori, Int. J. Heat Mass

Trans fer, 30, 993(1987).

. J. G. Ingersoll, ASME. J. Solar Energy Engineer-

ing, 110, 306(1988).

S. Yagi and D. Kunii, AIChE J., 3, 373 (1957).
D. J. Gunn, Int. J. Heat Mass Transfer, 21, 467
(1978).

W. M. Kays and A. L. London, “Compact Heat
Exchangers”, McGraw-Hill, New York(1964).
J. F. Shackelford, W. Alexander, and J. S.
Park, “CRC Handbook : Materials Science and
Engineering”, 2nd ed., CRC Press, Inc., (1994).
D. R. Gaskell, “An Introduction to Transport
Phenomena in Materials Engineering”, Macmil-
lan,(1992).

M. L. Hunt and C. L. Tien, J. Heat Transfer,
110, 378(1988).

Y. H. Park and J. S. Kim, J. Solar Energy, 15,
29(1995).

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.6, 1996



