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Abstract—The 50 kW chemical heat pump system for cold production was designed and simulated
by using a commercial software, ASPEN PLUS. The subroutine program was introduced to simulate
the reactor. Two systems, one for SrCl;-8/1 NH; and the other for MnCl,~6/2 NH;, were studied. Accor-
ding to the variation of several operating conditions, design values were examined. These results can
be used to prepare the basic process design values for the chemical heat pump systems which will
be practical use in the future. In the case of the system using SrCl;-8/1 NH;, the UA and the reactor
power were 6,868.2 J/(s-K) and 95.2 kW, respectively. In the system using MnCl,-6/2 NH;, the values
of them were 1,569.7 J/(s-K) and 109.0kW. The constraint COPs of the systems were 040 and 0.34,
respectively, which show that the former is superior to the latter.
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Fig. 1. Operating mode at thermodynamic equilibrium
in Clapeyron diagram.
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Table 1. Conditions of each block.
Evaporator: MHEATX

Temperature (C) 10.0
Pressure (kPa) 512.5
Cold side inlet temperature (C) 10.0
Cold side inlet flow rate (mol/s) 23
Hot side inlet temperature () 25.0
Hot side inlet flow rate (mol/s) 50.0
Heat duty (kW) 50.0
Condenser: MHEATX
Temperature (C) 35.0
Pressure (kPa) 1585.5
Cold ‘side inlet temperature (C) 320
Cold side outlet flow rate (mol/s) 40.0
SrCl>-8/1 NH;

Cold side inlet flow rate (mol/s) 79.6

Hot side inlet temperature (C) 136.7
MnC12-6/2 NH3

Cold side inlet flow rate (mol/s) 85.6

Hot side inlet temperature (C) 1804
Reactor: USER
Average conversion 0.5
Average storage time (hr) 8
SrCl;-8/1 NH;s

Temperature in synthesis (C) 50.0

Temperature in decomposition (C) 126.7
Mnc]z'6/2 NH3

Temperature in synthesis (C) 106.1

Temperature in decomposition (C) 1854
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Table 2. Results of design.

SI'CIz‘B/l MnC12-6/2
NH; NH;

UA of evaporator (J/s*K) 6,334.8 6,334.8
UA of condenser (J/s-K) 2,180.2 1,663.1
UA of of reactor (J/s-K) 6,868.2 1,569.7
Reactor power (kW) 95.2 109.0
Moles of salt (mol) 14,182 24,819
COP; 0.56 0.49
COP. 0.40 0.34
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E2 ol4sle A7) o] Rtk

4-3-1. 7] & 57

Zut7) o] A 7152 4-2-18 3 FdstA dA skt
25Ce dAY FA= 135C2 waEe). FHAGA
9} gAGHA Y F UAE 63348)/(s K)Z A4t
= 9ok

$&7)dME w7l A 2atE= 1804TH 4R
Yo} 7147} 35CE $&H $27|4A EsHe
A G2 229 e 7h7 40T, 85.6 mol/solH,
227)9] heat duty: 59.4 kW, UAE 1,663.1]/(s-K)
o)sich.

4-3-2. W-g7]

o] 7% uhE719] Tt 20Tl FAug #3
uth-g o) Hyexr) zhzt 126.1T, 1604T o] gHAduk-g
£ 106.1C, EaNb-ee 1804TelA dodr}. 7]
ol 4] A st otmi]ole] ofo] 23 mol/solnE Ho
HFASE L 052 A AS o9 ke 24,819 mol

=

ol X122t HeAH HM1E 19954 53

(3,123.2 kg)ol™ uh-g7] 23L& 108.96 kWe|r}. SrCLE
o] 8% H9r} uhEr1e] £¥e] v] HAolgE & F
slem, Aedil o] ukg-Fo] Yasil

ul-g-7]1 8] AWl FAuEEo] dold 4§ 32C e
GAG-GA 7} £3589 41.3CE w)jEEY F3& 135
mol/se)t}. o] we] UAE 1,569.7 J/(s-K)olth

5d £

ASPEN PLUSE o]4-3}% SrCl,-8/1 NH; ¥ MnCl,-
6/2 NHs& ul$-E2 s 50kW b8 sjetdy=
Alzde] AA B Rale] A} ATE Tl A8 =
A7)l g A A 2] TFs A& Haldtalen Al
gy 4% ARE 4% F Adrh ol2RE FF
A4t Aol gt AA S AR Ao

A4t As} Zod7)9] UAs oF 6,300 ]/(s'K)olsier
NH;9) 2932 23mol/seldiel.

SrCl,-8/1 NH; & o2 2143 A% uhg-7) ¢ UA=
6,900 J/(s-K), 282 952kWelslz, A AsAfe
0.4°]4c}h. MnCl-6/2 NHy7} wH-3-E-2l 7% UAE 1,600
J(s-K), 82 109.0kWelglon A AsAF<= 0.
340]gich. o] 28 E SrCl-8/1 NH; HH-$-E 2 o] 48
= Alade] #a¥e 4§ Urk

A&
A : Parameters of Clausius-Clapeyron equa-
tion [-]
B : Parameters of Clausius-Clapeyron equa-
tion [K]
COP : coefficient of performance [—]
Cp : specific heat [J/(mol-K)]

AH : enthalpy change [J/mol]

AH°  : standard enthalpy change [J/mol]

L : condensed phase of reactive gas [—]
P : pressure [Pal

Q : reaction heat [J/mol]

R : gas constant [J/(mol-K)]

R, R : reactor [—]

i : standard entropy change [J/(mol-K)]
S : solid [~]

SG : product in solid-gas reaction [ —]

T : temperature [K]

subscript



50kW Juhg SetdHE Ajxge] HaEA : 75

c : constraint

d : condensation

eq : equilibrium

ex : equilibrium temperature in each state(a,b,
cd)

gx : gas temperature in x

h : high

i : ideal

1 : low

m : intermediate

r : reaction

salt  : salt

sX : solid temperature in x

t : theoretical

vap  : vaporization

superscript

lig : liquid

loaded : loaded state

greek
v : stoichiometric coefficient
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