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ABSTRACT

The cycles’ structure was based on recently published technical information of low-temperatures
powered Ammonia-water (NH;-H,O) absorption chiller. The cycle was completely modeled using
different components available within the refrigeration library of IPSEpro software package. Using
the model a cold-water ammonia-water absorption chiller was examined and validated in
accordance to the relevant thermodynamic laws and charts. A low-grade temperature solar
resource was modeled to energise the proposed model. For water-cooled cycles, the rejected heat
from the absorbers and the condensers was carried out by water, at an average fixed temperature
of 25°C, pumped out from ground water. The results obtained show that when the Coefficient of
performance (COP), heat inputs into the generator, and cooling mass flow rates are fixed, the
cycle parameters are highly affected by variation of coolant temperature. For instance when
cooling water temperature decreases. Also when cooling water temperature increase, the cycle
pressure, usable chilled water temperature difference and desorber outlet temperature increase
whereas mass concentration and refrigeration capacity decrease. The effectiveness of the
generator inlet temperature (solar source) is a factor of the largest effect to the COP. The
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difference is 19.2% and 18.9% respectively.

difference was 0.1401, 27.4%. The chilled water inlet temperature (underground water) is the
second largest effect to the COP. The difference between the maximum and the minimum value is
0.0865 and the relative difference is 18.9% with cooling capacity 12 kW. The influence of
evaporator temperature to the COP is also minimal with only 2.2% difference. The influence of
absorber temperature and condenser temperature to the COP are almost identical, the relative

Keywords: Solar source; IPSEpro; Ammonia / water absorption chiller.

1. INTRODUCTION

This is a study into the possibility and application
of ammonia-water (NH3-H,O) absorption chiller
technology, driven by the sun's heat (as well as
other low-grade heat sources), some results has
been published in manuscript [1]. To generate
power and cooling by computer simulations and
experimental tests [2], and solar cooling [3], for
Application of solar [4]. Development Solar
absorption cooling with low grade heat source.
The effects of difference temperatures on the
components and cop. The ambient temperature
increases will change the cooling capacity and
COP value [5]. It is more effective to use
underground water in hot environments but in
Water-cold (cooling water) the ground water
temperature will have an effect on the
cooling capacity and COP value, the model using
IPSEpro a process is a network of
discrete components and their connections that
can represent any system. Graphically, each
component is represented as an icon. The icons
are connected appropriately through
connections that indicate how the working media
is flowing from the outlet of an icon must be the
same as the ones at the inlet of the
next icon. The key to IPSEpro’s flexibility is its
concept of model libraries. With IPSEpro, models
of process schemes can be created using
components from a standard library, or using
components created by the user [6].
IPSEpro system structure and how the modules
of the package interact with each other, [7]. The

modeling concept is based on three
different process components connected
hierarchically. IPSEpro restricts how

objects of different component models can
reference each other. An absorption cycle
using ammonia-water mixture working
fluid is perhaps the simplest manifestation of
absorption technology. A schematic of
such a cycle is provided in Fig. 1. The
components and the streams are labeled, and
the state points in the  connecting
lines are assigned state point numbers.
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2. MODEL
PROCESSES

DESCRIPTION AND

Point (10) is a low-pressure refrigerant vapour
that enters the absorber. The solution leaving the
absorber part comprises a high concentration
level of refrigerant (1) that has a weak capability
to absorb the refrigerant liquid; this is pumped
with the necessary pressure from the generator
(4). This increases the solution temperature and
the quantity of refrigerant stored within the
absorbent is reduced. The low concentrated
refrigerant solution remaining in the generators
described as a strong solution (ability to absorb
the refrigerant) from the explanation by [8] and
Heating, Refigrating and Air-conditioning [9]. The
strong solution at point (11) will return to the
absorber. The high temperature and pressure
refrigerant vapour (5) leaves the generator and
goes to the rectifier, after which it will enter the
condenser point (7). This results in a decrease in
the temperature that condenses it into a liquid
(8). The refrigerant will pass through an
expansion valve, resulting in a decrease in the
evaporator pressure (9). The refrigerant vapour
in point (10) will leave the evaporator and return
back to the absorber for complete the cycle. Fig.
1 shows the liquid sub-cooler and solution heat
exchange. A conclusion of the state point’s
explanation is shown in Table 1. As listed in the
table, three points are saturated liquid (1, 8, and
13), three are sub-cooled liquid (2, 4, and 12)
one is saturated vapour (10), one is superheated
vapour (7), two are two-phase vapour-liquid
states (9) and (11), providing a total of ten state
points. The model was validated using the results
from [10].

3.CYCLE SENSITIVITY ANALYSIS

According to [11] and from high number of
successful simulated trials which have been
carried out during the modeling stage of this
study, the most common variables, that have an
influence on the other cycle parameters, were:
the generator inlet temperature (T14), the inlet
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chilled water temperature (T25) and the coolant
temperatures (T21&T23). The variations of the
generator and the chilled water inlet
temperatures are discussed in the following two
paragraphs, while an effect of variation of the
coolant temperatures, for water cooled
absorption chillers, is presented at the end of this
chapter as a separate section and contains a
comprehensive parametric study.

3.1 Influence of Generator Inlet
Temperature Variations

A simple example of the interdependence of all
operating variables can be obtained by varying
the generator inlet temperature coming from the

generator outlet temperature (T15) which was
fixed at 93.6°C. As shown in Figs. 1 the
simulated models were successfully run within a
small generator inlet temperature range of 70-
180°C without touching the crystallisation line or
violation. The generator outlet temperature (T15)
is fixed at a temperature of 93.6° C and the
influence of the generator inlet temperature
variation (T14) on the chiller COP is clearly
shown in Fig. 2. The COP was increased from
approximately 0.3463 at a temperature of 70°C
to reach the maximum value of 0.5121 at the
inlet generator temperature of 180°C, a
difference of 0.1401; the relative difference was
0.274, 27.4%. This increase in the COP value
was due to the range of the inlet generator

solar source while holding all other inputs temperature.
constant (defined in Table 2), except the
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Fig. 1. Schematic diagram of the water-cooled absorption chiller
Table 1. Model thermodynamic state points summery
Point State Point State
1 Saturated liquid solution 11 Vapour-Liquid solution state
2 Sub-cooled liquid solution 7 Superheated ammonia vapour
4 Sub-cooled liquid solution 8 Saturated liquid NH3
13 Saturated liquid solution 9 Vapour-Liquid mixture NH3
12 Sub-cooled liquid solution 10 Saturated NH3vapour
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Fig. 3. shows the refrigeration capacity from a
low value of approximately 6.8 kW at 70°C to
reach 18.6 kW at 180°C. Therefore, for this
project the COP value is 0.39 at a temperature
103°C, a difference of 11.8. The increase of the
capacity was due to the high potential heat
transferred from the heat input source to the
chiller components. The higher the heat input
into the generator the higher the ammonia/water
mixture circulation ratio, and hence the higher
the refrigeration capacity obtained.

3.2 Influence of Evaporator Temperature
Variations

Fig. 4 presents the influence of the evaporator
temperature to the system COP. Along with an
increase of the evaporator temperature, the COP
also increases from 0.9323 at a temperature of -
20° C to 0.4227 at a temperature of 5° C. This
proves the fact that the lower the evaporator
temperature, the lower the system COP
(difference of 2.2%).

3.3 Influence of Absorber Temperature
Variations

Fig. 5 presents the influence of the absorber
temperature to the system COP. The figure

shows that the COP of the system will drop as
the absorber temperature increases, a COP
value from 0.4577 at 15°C of the absorber
temperature descends to 0.3712 at 40°C of the

absorber temperature. The value of COP
between the maximum and the minimum is
0.1890 and the relative difference is 18.9%.

3.4 Influence of Condenser Temperature
Variations

Fig. 6 represents the influence of condenser
temperature to the system COP. The COP drops
along with the increase of the condenser
temperature. The value of COP descends from
0.4719 at the condenser temperature of 15°C to
0.3811 at the temperature 40°C. The difference
of COP between the maximum and the minimum
is 0.192 and the relative difference is 19.2%.

3.5Influence of Chilled Water
Temperature Variations

Inlet

Fig. 7 presents an effect of the inlet chilled water
temperature variations on the chiller COP and
cooling capacity. A small linear increase in the
COP, compared with that obtained due to the
difference was 0.1659 in Fig. 2 of the generator
inlet temperature was in range (70-180°C).
During the increase of the inlet chilled water
temperature and while fixing the generator input
temperature at 103°C, the COP increased
linearly. The difference of COP between the
maximum and the minimum is 0.0865 and the
relative difference is 18.9%.Both the numerator
and the denominator values of the COP
increased due to the increase of the generator
and the evaporator heat transfer.
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Fig. 2. Effects of the generator inlet temperature on the COP
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Fig. 3. Effects of the generator inlet temperature on the refrigeration capacity
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Table 2. The water cooled Ammonia-water absorption chiller output results

Description Unit Result  Description Unit Result
COoP - 0.45 Condenser UA kW/K 1.1
Rectifier heat transfer kW 4.8 Evaporator UA kW/K 1.07
H.EX heat transfer kW 26.01 Solution H.E. UA kW/K 1.41
Heat energy input kW 27.7 Mass flow rate input kg/s 0.7
Absorber heat kW 22.02 Solution circulation pump kW 0.24
power
Condenser heat kW 12.68 Cooling water mass flow kg/s 6.5

For the cycle heat exchanger components, Table 3 below presents the calculated Number of Transfer Units
(NTU) and the effectiveness (g)

Table. 3 NTU and ¢ of the absorption cycle heat exchangers

Heat Exchanger component

Number of transfer Units (NTU)

Effectiveness (g)

Condenser 1.64
Evaporator 1.27
Hot water supply 3.47

(Compact heat exchanger)

0.806
0.72
0.81

From the results above, it can be seen that any changes in any one of the system parameters will cause a
change in the performance of the overall system

3.6 Influence of Recooling Temperature
Variations (Real / Mode)

The following effects of recooling on the cooling
capacity are noted; when the inlet recooling
water temperature increases both the cooling
capacity and COP will decrease. This occurs in
the real and model cycles when the
ambient temperature is fixed. The increase in the
recooling water inlet temperature, over relatively
small temperature range between (24-27°C), has
a major influence on the cooling, with model
validation was carried out using equipment [12],
manufactured by a company called Solar next
capacity. Increasing the recooling water inlet
temperature by only 4 degrees Fig. 8 causes
the cooling capacity to decreases
from 13.1 kW to 11.7 kW for the real cycle and in
the model cycle from 13.3 kW to 11.9 kW.
Considering the range between 27-30°C (Figure
6.9), the cooling capacity of the real cycle
decreases from 11.2 kW to 8.7 kW with a
difference of 2.5 kW and model cycle from 11.4
kW to 10 kW, with a different of 1.1 kW. The
difference between the real and model cycles
was 1.4.

4. RESULTS AND DISCUSSION

The obtained parametric results, of the proposed
chiller model, such as the coefficient of
performance (COP), the refrigeration capacity,
the main cycle components heat transfer, the hot
water supply energy, the cooling water mass
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flow, the components heat transfer coefficient
area, and the solution circulation ratio are listed
in Table 2.

e The effectiveness of the generator inlet
temperature (solar source) is a factor of
the largest effect to the COP. The
difference was 0.1401, 27.4%.

The chilled water inlet temperature
(underground water) T16 is the second
largest effect to the COP. The difference
between the maximum and the minimum
value is 0.0865 and the relative deference
is 18.9 % with cooling capacity 12 kW.

The influence of evaporator temperature to
the COP is also minimal with only 2.2 %
difference.

The influence of absorber temperature and
condenser temperature to the COP are
almost identical, the relative difference is
19.2% and 18.9% respectively.

5. CONCLUSION

A simulation model was developed to calculate
the performance of the aqua-ammonia vapour
absorption system. An application of the model to
evaluate the influence of the system parameters
to its COP proved that the model can be used to
analyse the effects of any changes to the
parameters of the system Coefficient of
Performance (COP). This may increase the COP
value by more than 0.4 using a computer model
as provided by [9]. The results show that the
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complete system behaves with some unique
characteristics. The selection of the generator
temperature is a significant factor for achieving
high system performance. Detailed improvement
processes and their results are shown as very
good operational maps under different working
conditions. These maps are very important in the
selection of the operating conditions for present
systems or for planning new systems.
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