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Mathematical modeling and numerical simulation studies for falling
film type absorber in ammonia absorption heat pump
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Department of Chemical Engineering, Korea University
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ABSTRACT : Mathematical modeling and numerical simulation studies have been conducted for a
falling film type absorber of the ammonia absorption heat pump. A rigorous absorber model has been
developed by considering temperature effects on physical properties and its predictability proved far
superior to that of existing models, which has been confirmed by the experimental data. Using the
developed model, effects of cooling water condition - temperature and flow rate - on the efficiency of
absorber has been examined. As the result of simulation, the efficiency of absorber has increased as the

cooling water temperature has decreased and flow rate has increased.

Key words: Absorption heat pump, Falling film absorber, Ammonia, Modeling, Numerical simulation, Cooling
water effects

1. M B A M(1987)9 A7 23} FA9 getew A H
TE JAHM(1997)5 s Adyuid B, dw
QEZ BEA ud yotez AAE Ry o} & AgslE §44 Iz YE B0l E

HHI2Is HT7A M2



152

ol F54 d¥xe| Falling Film Type F5710) tle £98 wdy 3

FAEApl BE A7

=2
il
£
2
ek

[H A
N

1eHog ASSE d @AY Jt W @Ez
A% welAs duAE
s U

o Ay M1 odp
1
e
&

Il
rir
et
(6)0]

=
G
S
)
S

& 4y o
N

Qc<:

=L}

Condenser

Generator

Valve X

Absorber

Q, (::I Condenser |
Valve
Expansion (k:] w
valve
Compressor
Q, [:a Evaporator
Q. Q Evaporator

@)

(b)

D q,

Fig. 1 Comparison of (a) vapor compression heat pumps and (b) absorption heat pumps
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Fig. 2 Schematic diagram describing the gas
absorption in the falling film absorber
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Fig. 3 Flow chart for the simulation of ammonia
absorption in falling film absorber
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Table 1. Values of system parameters for reference

case
Parameter Reference value
Pressure [Pa] P 25%10°
Liquid mass flow rate {kg/s] m 0.01
Liquid temperature {TC] Ty 40
Liquid mass fraction Wy 0.25
Cooling water temperature [C] Teo 3
Cooling water mass flow rate 0.05
[kg/s] me
Length of absorber [m] L 03
Wide of absorber [m] B 01
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v : Velocity of liquid [m/s]

w : Mass fraction of NH; [kg of NHs/
kg of solution]

Tl : Temperature of liquid [C]

Te : Temperature of cooling water [T]

Tw : Temperature of wall [T]

mc : Mass flow rate of cooling water [kg/s]

hc : Heat transfer coefficient of cooling
water [J/ s-m’- C]

B : Wide of absorber [m]

L : Length of absorber [m]

P : Pressure [Pa]

Cp, Cpc : Heat capacity of solution and cooling
water {J/ g - C]

g : Gravitational acceleration [m/s’]

D : Diffusivity of solution [m?/s]

kI, kw : Thermal conductivity of solution and
wall [J/s -m - C]

AH : Heat of absorption [J/kg]

azelx 2

p : Viscosity of solution [kg/m - s]

o : Density of solution [kg/ m’]

8 : Thickness of falling film [m]

: Thickness of heat exchange plate [m]

: Aqueous ammonia solution

HYIle M7E MH2=
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c : Cooling water
wo, wi : Outside and inside of heat exchanger
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