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Abstract: The absorption refrigeration system differs fundamentally from vapour
compression system only in the method of compressing the refrigerant. So-called
thermal-compressor, which consists of an absorber, generator and pump, replace
the compressor of a vapour compression system. For heating process, instead
electric energy, thermal energy in the form of saturated steam, hot water, natural
gas or the waste heat sources are being used. In this article, on the example of
single-effect absorption system using ammonia-water solution with ammonia
as the refrigerant and water as the absorbent, research has been devoted to
investigate theoretically the performance of two different operating modes of
absorption refrigeration process with weak and strong ammonia-water solution in
the generator.
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1. Introduction

Current trends in development countries show that the rational energy use and
managing is basic presumption of sustainable development. Energy management
today is based on the use of clean and energy efficient technologies as well as
renewable heat sources with purpose of environmental protection. One of the
energy efficient methods is the absorption refrigeration process, which uses heat
energy directly for cooling purposes [1-3].

Although vapour compression systems still dominate all market sectors,
absorption systems provide many advantages. It operates with added heat energy
supplied from any source, which is at a sufficiently high temperature and does
not require high-grade and expensive energy. Heat rejected to the surrounding as
waste after the most of industrial process can be used in an absorption refrigeration
cycle. Therefore, the main advantage of absorption refrigeration system is use of
low grade energy like heat of e.g. saturated steam, hot water and exhaust systems
from 1.C. engines, etc. The mechanical compressor is replaced with so-called
thermal-compressor, which consists of absorber, generator and circulating pump.
It is necessary to use binary mixture for thermal-compressor operation instead of
simple operating substance. Moving parts are only in the pump, which is a small
element of the system. The work input for the pump is negligible so that electricity
consumption in relation to the conventional vapour compression refrigerators is
substantially reduced. In this way, the problems related to greenhouse effect from
COz emission from the combustion of fossil fuels in utility power plants are reduced.
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An additional advantage of absorption systems is
the working fluid. Namely, conventional vapour
compression systems use chlorofluorocarbon
refrigerants, the use of which is limited due
to depletion of the ozone layer. Absorption
systems have been extensively paid attention
in recent years due to the potential for CFC and
HCFC replacements in refrigeration, heating and
cooling applications [4]. Furthermore, thanks to
the progressive reduction of both installation and
maintenance cost and energy consumption, their
employment may become more and more diffuse
[5]. Also, automatic operation for controlling the
capacity is much easier in relation to compression
system.

2. Principle of operation

A single-effect absorption refrigeration system
is the simplest and most commonly used design.
Main components in absorption refrigeration are:
generator, absorber, condenser, evaporator and the
circulating pump. In order to increase the system
energy efficiency the solution heat exchanger (SHE)
and refrigerant heat exchanger (RHE) are added.
Figure 1 shows the schematic diagram of a vapor
absorption system.

Absorption refrigeration system operates on two
pressure levels: high pressure (p) in generator and
condenser and low pressure (po) in evaporator
and absorber. Ammonia vapour is produced in the
generator at high pressure from the strong solution
of NHz by an external heating source leaving the
generator (point 5) before reaching the condenser
[6]. High pressure NHs vapour is condensed in the
condenser, and pressure needs to be so high that
vapour could be condensed with cooling water.
Condensed ammonia vapour (point 6) is precooled
in the refrigerant heat exchanger (RHE) between the
condenser and the evaporator to increase the heat
of evaporation (point 6d). Precooled NHs solution is
passed through a throttle valve and the pressure and
temperature of the refrigerant are reduced below
the pressure and temperature to be maintained
in the evaporator (point 7). The low temperature
refrigerant enters the evaporator and absorbs heat
from the fluid being cooled (air or water) and as
resulting low-pressure vapour passes to the absorber
(point 8d). Slightly superheated, low pressure NHs
vapour is absorbed by the weak solution of NHs,
which is sprayed in the absorber. Weak NHs solution
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(point 2) entering the absorber becomes strong
solution after absorbing NHs vapour and then it is
pumped (point 1) to the generator through the heat
exchanger. The pump increases the pressure of the
strong solution to generator pressure. The strong
NHs solution coming from the absorber (point 4)
absorbs heat from high temperature weak NHs
solution in the heat exchanger. The solution in the
generator becomes weak as NHs vapour comes out
of it. The weak high temperature ammonia solution
from the generator (point 2) is passed to the heat
exchanger through the throttle valve to be reduced
to the absorber pressure (point 3). A solution heat
exchanger (SHE) is included in the cycle in order to
improve system performance.
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Fig. 1: Single-effect absorption refrigeration system with heat
exchangers [7].

The process of heat exchanging in the absorption
refrigeration consists of the heat added to the
generator at a high temperature and pressure
level, the refrigeration at a low temperature and
pressure level, the heat extracted in the condenser
at an intermediate temperature level and high
pressure, and the heat extracted from the absorber
at an intermediate level and low pressure.

3. Model of calculation
Theoretical process of the single- effect absorption
refrigeration system is presented in Merkel h- &
diagram in Figure 2.
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Fig. 2: Single-effect absorption refrigeration cycle with heat
exchangers in Merkel h- € diagram [7].

Absorption refrigeration system is defined with
added heat temperature (), cooling water
temperature (1), and refrigeration temperature
().

In the ideal case may be assumed the following
assumptions:

m The temperature 9 is equal to the temperature
2 of weak saturated solution,

mThe refrigeration temperature, evaporation
temperature and precooled temperature are
similar 964 = 98 = Bo;

m The temperature of cooling water 9 is equal to
the absorber temperature 91 (¢ = 94),

mThe temperature of solution after SHE (d1a) [8]
is very close or equal to saturated strong solution
temperature in the generator and no vapour
generation takes place in SHE.

The heat energy balance expression per kg
of produced vapour (kJ/kguapour) for absorption
refrigeration is:

ot@=qtq klkg (1)

The values of individual members in Eq. (1) were
determined according to the Merkel h- & diagram
(Fig. 2):
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v For strong solution

¢ =h—hs, kI/kg (2)
g.=h—he kl/kg (3)
@ =h—h, kg (4)
¢ =hu—hn, kl/kg (5)

v For weak solution

qh — hg - hHw, kJ/kg (6)
The added heat for the generator is also

calculated by the next equations:

v For strong solution

Gh = hs — hy +ﬁ'(h2_h1d), kJ/kg (7)

v For weak solution

@h :hg_hz +fr'(h2_h1d), kJ/kg (8)

Values of the enthalpies are read from the Merkel
h- & diagram [7].

Circulation of strong ammonia solution f: (kg/kg)
is calculated by the next expression:

_&a—&
f;_ér_éa (9)

Coefficient of Performance (COP) of the single-
effect absorption refrigeration cycle is defined as
the next ratio:

cooling capacity obtained at evaporator

Cop = heat input for the generator + work input for the pump

The work input for the pump is negligible relative
to the heat input at the generator. Therefore, the
pump work is often neglected for the purposes of
analysis [2]. Accordingly

0
COP = @

(10)
4, Operating parameters of the single-effect
absorption refrigeration system

In this paper theoretical analysis of the
performance of two different operating modes
of absorption refrigeration process with weak and
strong ammonia-water solution in the generator



was conducted. For the three in practice possible
cases of the operating parameters for absorption
refrigeration are presented in Table1. All cases are
with the solution and refrigerant heat exchanger.

Table 1: Operating conditions for absorption refrigeration.

Case1 Case2 (ase3

added heat temperature, 9n°C | 120 | 120 | 120

cooling water temperature,

20 20 20

v °C

refrigeration temperature, ¥, °C | 0 0 0
pressure in generator, p bar 10 15 15
pressure in evaporator, po bar 2 2 2

weak solution concentration &a | 0.219 | 0.295

strong solution concentration

0.46
&

5.Results and Discussion
The results are presented in Table 2.

Table 2: The results of calculations.

weak weak strong
solution solution solution
Case1 Case 2 Case3

Ammonia

vapour £4=086 £a=09 £4=096

purity

hs, kJ/kg 1810

ho, kJ/kg 2014 1960

h2, kl/kg 435 430 430

hia, kJ/kg 215 279 279

hiw, kJ/kg -150 -120

hu -180

fr 2.66 3.666 40303

qn, kJ/kg 2164.2 2082.6 1988.53
Eq.(8) Eq.(8) Eq.(7)

gh, kJ/kg 2164 Eq.(6) | 2080 Eq.(6) | 1990 Eq.(2)

o, KJ/kg 870 Eq.(4) 990 £q.(4) 1150 £q.(4)

qe, kKl/kg 1714 Fg.(3) | 1630 £g.(3) | 1410 Eq.(3)

qa, kJ/kg 1320 Eq.(5) | 1440 Eq.(5) | 1730 Eq.(5)

COP 0402 0476 0.578
£q.(10) Eq.(10) Eq.(10)
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The values of the heat input into the generator
calculated by Egs. (8) and (6) for weak solution
as well as by (7) and (2) for strong solution are
approximately identical. As seen, the process with
weak solution needs the higher value of added heat
energy. This is because the generator produces the
lower value of purity of NHs vapour when absorption
process operates with weak solution (Case 1). The
COP of Case 1 is, when process is operated on 10
bar, only 0.402 because the ammonia vapour purity
is 0.86. Also, when the refrigeration is operated with
weak solution at the same temperature, but on
higher pressure of 15 bar (Case 2), the added heat
for generator is lower. The purity of ammonia vapour
is higher and has the value of 0.9. Also, the system
energy efficiency is higher, which is evident from
higher value of COP. In Case 3 the process operates
with strong solution and on 15 bar pressure at the
same temperature. The basic advantage of the
process with strong solution is higher evaporation
in the evaporator and lower added heat into the
generator. The ammonia vapour purity (&d) is
highest (0.96) as well as the system energy efficiency.
In the Case 3 the value of COP is 0.578.

6. Conclusions

Nowadays rational energy is one of presumption
of sustainable development. Use of absorption
refrigeration is very often, especially for water
chilling. It is very important how to operate
absorption refrigeration. This paper illustrates the
thermal advantages of the single-effect absorption
system using strong ammonia-water solution in
relation to the process with weak solution.
The advantages are the following:
m L ower heat input into the generator,
m Refrigeration capacity of the evaporator is higher
at the same evaporation pressure,
m Purity of ammonia vapour is higher,
m Higher Coefficient of Performance (COP),

[t may be concluded that the single-effect
absorption system needs to operate with strong
solution and at high pressure.

Nomenclature:

fx — circulation of ammonia strong solution (kg/kg)
hs - enthalpy of ammonia vapour refrigerant
operated in balance with strong solution

ho - enthalpy of ammonia vapour refrigerant
operated in balance with weak solution
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hu — enthalpy of ammonia at the inlet of the
generator (strong solution)

hiw — enthalpy of ammonia at the inlet of the
generator (weak solution)

h2 - enthalpy of weak ammonia solution in the
generator

hia - enthalpy of strong ammonia solution after the
heat exchanger (SHE)

gn—heatinput (added heat) into the generator, kJ/kg
qo — extracted heat for the evaporator, kJ/kg

qc - released cooling heat from the condenser,
kl/kg

g — released cooling heat from the absorber, kJ/kg
gsne - energy saving, kJ/kg

®n - added heat temperature, °C

¥ - cooling water temperature, °C

¥ - refrigeration temperature, °C

&a — concentration of ammonia in weak ammonia-
water solution

&: — concentration of ammonia in strong ammonia-
water solution

£a — concentration of ammonia vapour
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