406

EETAM - BT RIE £6E 4 455(1994) /pp. 406~416

TA-2AAA B dEE Azl
Hbg-7] Al JE AT

A Study on the Reactor Design of Solid-Solid-Gas
Chemical Heat Pump System

Zl M &=, o el 3|*, Neveu P**, & & 7***, 0| & Z***
S. J. Kim, T. H. Lee, P. Neveu, H. K. Choi, J. H. Lee

Key words : Chemical Heat Pump(3}8t € ¥ =), STELF(2=¥ ), IMPEX(Yd ®2), Energy Density(oj 14 ]

U %), Solid-Solid-Gas System(32#]-TA-71H] A 2F)
Abstract

In this study the reactor design procedure and method of solid-solid-gas chemical heat pump system
using STELF technology were investigated. For manufacturing IMPEX block which is the kernel
of reactor, proper salt pair should be selected, and equilibrium temperature drop and COP should
be examined for selected salt pair. Moreover, apparent density, residual porosity, and graphite ratio
should be calculated to give minimum block volume and mass, and maximum energy density without
causing heat and mass transfer problems. Since heat exchange area can be changed with operating
condition, reactor diameter, length, and stainless steel thickness should be decided for desired specifica-
tions. These procedure and method were applied to the case study of 6kW cold production and
8 hours storage capacity reactor.

COP; ' ideal COP [—]

COP, : theoretical COP[—]

COA; : ideal COA[—]

COA,  theoretical COA[—]

Coms * heat capacity of NHs[J/(mol - K]

Cj  heat capacity of loaded salt [J/(mol * K)]
Cymdel; heat capacity of unloaded salt[J/(mol - K)]

D,

JNEMY D, ! outer diameter of reactor m|

d : diameter of gas diffuser [m]
de energy density of block [J/m’]
4P enthalpy change of standard state [J/mol]
4H;  enthalpy change of j reactor [J/mol]
hes  : convective heat transfer coefficient
(W/(m?® + K]
" length of reactor or IMPEX block (m)]
M., molecular weight of salt[kg/mol]
m . stoichiometric coefficient for unloaded salt
[mol]
men - mass of salt[kg]

" heat capacity of salt [J/(mol + K)]

. inner diameter of reactor, or diameter of IM-
PEX block [m]

-

0k k

P Mg - ass of graphite [kg]
IMP-CNRS. Université de P erpignan' n . stoichiometric coefficient for loaded salt

#3 olEuA AT [mol]
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nv¢ © moles of NH; for cycle [mol] @ graphite ratio| ]
P pressure for calculation, 2Py [Pa]
P, ! equilibrium pressure [Pa] 3t 8 A
P, low operating pressure [Pa]
P, ' high operating pressure [Pa] j * generator or engine reactor|j=1, 2]
Qua - power of reactor for cold production [kW]
Q  :power of j reactor [kW] 1. M =2
R gas constant, 8314[J/(mol - K]
Rt ! maximum tensile strength[Pa 33 EHEE CFCE AH3HA o & 7)71
Sea  * heat exchange area of reactor [m? Fogln AYAE A7 AFE F Ao 53
48 entropy change of standard state ol @¥xE 1nF dF 48 # YodA A4
[3/(mol - K)] Ho g FFole Fio| gl7] Wil 3o A1
T. : equilibrium temperature [K] a&0] gldke FHE€ 7HA3 At o] 3E gy
T:  ®low temperature for cold production K] Ze HEY 35 di&Fe] Agddtel A&
T, heat sink temperature or middle temperature & U3 7]1Al4 2 F54 QYT E AL 5 U
for heat production K] dEol @A TR BAAA A7& AYstar
T, heat source temperature K] ATk
4T, * equilibrium temperature drop[K] B o] Al2"e 1973d Al 13 A9 o
Tha: - thickness between reacting interface and  °UA EAE AZE 5 Qe & Yoz 9
block surface [m] % 79 A AgHEAeH R FFHY
Tha ° thickness of stainless steel [mm| quA &4 BAE AFA R d&37t
fume - Storage capacity [sec] Eoizg o}, T2 Perpignan &9 Spinner T
U, overall heat transfer coefficient of j reactor ~ FTH &3t EAHQA AF7} Al Z=HA 19891
(W/(m? - K] TAH-AAA 7H 3t @F L A2’ STELF(sy-
V, Vi volume of block [m’] stemes thermochimiques éneérgétiques a liant ELF-
Viuar - volume of loaded block [m] IMP)e] /H&sflen, o] ELFAT RE3H3t
Viwaaea- volume of unloaded block [m’] 383t dA EoiA Ut o] A= B AE
w - molar volume of unloaded salt[m*/mol] 2FQ a3l EAAS EREH Ay
Y, molar volume of loaded salt[m%mol] A gre] FAE E9E A3 IMPEX(Impregnated-
X ! conversion|—] expanded graphite)2}e HEA BEL o]&3ld
4X conversion difference of one cycle|[—] AAstgen, Ag AU FE3% YF £ ¥
x  safety factor [—] b A el HEal,
#A ogdatol A o] 1&g o83ty Fulg
azjola Xt ofoliutr WEFHAF, YHRIE HdE A
W7, 2% ¥¥3n 52 ey "4 U A=
4 > ratio of gas diffuser diameter and block diame— A o} AR A AHQ Fre Ao oF
ter |~ el HEY e AACH, W MAZE o
£  residual porosity | —] &3 utg A AAE Ax3Y AFEE T4
% - conductivity of mixture|W/(m - K)] ool & Zark At FledXE o 7ed 4
% - conductivity of stainless steel[W/(m - K)] &35ty Ak Ao ZR22RH 7L R
#, . apparent density of block [kg/m’] FEse] U 53 o1&de IS5 FFHE
Poapnize - graphite density [kg/m? FZ83 S},
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Fig.4 STELF reactor design procedure.
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Table 1 Reactor specifications and operating conditions for 6kW cold production and 8 hours storage capacity.

Reactor ]

Variables Generator Engine
Salt BaCl,—8/0 NH, MnCl,—6/2 NH;
Apparent density, #,(kg/m®) 80.0 70.0
Residual porosity, &(—) 05 05
Graphite ratio, @(—) 0.15 0.16
Mass of salt, m.u (kg) 149.297 180.416
Mass of graphite, Mg (kg) 26486 34.160
Volume of block, V(m® 0.331 0.488
Heat exchange area, S.s (m?) 3.871 4.113
Inner diameter, D;(m) 0.342 0.475
Thickness of stainless steel, The. (nm) 17 23
Outer diameter, D, (m) 0.345 0479
Gas diffuser diameter, D; ?; (m) 0.034 0.048
Length of block, L(n) 3.604 2760
Overall heat transfer coefficient, U, (W/(m? - K)) 88.72 60.00
Energy density, de (MJ/m® 521.94 44577
Equilibrium temperature drop, 47T., (C) 175 306
Power of reactor, @ (W) 6.000 7.553
Low temperature, 7, (C) 15.0
Heat sink temperature, T, (T) 350
Heat source temperature, T, (C) 164.5
Operating low pressure, P; (Bars) 04
Operating high pressure, P, (Bars) 6.7
Ideal COP, COP; (<) 0.79
Theoretical COP, COP, (—) 055
Ideal COA, COA; (—) 179
Theoretical COA, COA, (—) 131

2% z0] g AP W wexnz =
Hale Aol REE S
=y =

=

HAd s el A

nCl,—6/2 NH,
ojgion IMPEX B89 Alzte] & Agzdg
Hes A, AF FTE 05¢ W EE9 JF
227 4dx e 27 80kg/m*# 70kg/m*e) AT} A5
7 ¢te) 04X10° Pa, 7 F4E A7} 500W/(m? -

Kd o, E59 A& Zole 47 034me 047m,
360me}t 2.76moler, ¥SrlE 34 2H<
g2 79 FA¥ 4z 17mmet 23mmel )

= 21

EAd7e @ o) Foluix] A7 Ag T Per
pignan ™8 IMP-CNRS¢HY] EE5dF
F2A dFo B ZgE F2! Spinner ¥

FAEFUI,



416

e
UAE -

SEE]

& 8

I

2l

2‘.

2 opy

]%*5]_ O:]_YEE Q]
F3 A223A, A5

. 1993, ;}i \}%
A9 37, 7
%, pp.325-340.

O

€
‘¥F

. Société Nationale ELF Aquitaine, 1993, STELF

Process— Technical information, Paris.

. Neveu, P. and Casting, J., 1993, “Solid-gas chemi-

cal heat pumps - Field of application and perfor-
mance of the internal heat of reaction recovery
process”, Heat Recovery Systems & CHP, Vol.13,
No.3, pp.233-251.

. Mauran, S., Lebrun, M., Prades, P., Moreau, M

Spinner, B., and Drapier, C., 1990, “Active compo-
site and process for implementing physicochemi-
cal, gas-solid or gas-liquid processes employing
such an active composite as reaction medium”,

- Neveu.P -

HEA - olF %

France Patent 9,004, 660.

. Mauran, S, Prades, P, and L'Haridon, F., 1992,

“Heat and mass transfer in consolidated reacting
beds for thermochemical systems”, Heat Reco-
very Systems & CHP, Vol13, No4, pp.315-319.

. 2433, ol 3], P. Neveu, HF7F, °1E 3, 1994,

“s}8t ¥WE G IMPEX EHWEES EAA
g A7, A A3, A39, A 1E, ppdd-53.

. Neveu, P, 1990, “Performances d’un pilote de

pompe a chaleur chimique solide/gaz de 20/50kW.
Analyse des flux engendrés pas la thermicité de
telles réactions”, Doctorate Thesis, Perpignan.

. French Standard(AISI Standard), Stainless Steel

316L.

. Neveu, P, 1993, “STELF-Fundamentals, Design

Method and Exercises”, Internal report, IMP-
CNRS, Perpignan.





