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Abstract

A theoretical and experimental evaluation of an indirect-fired GAX-Prototype Cooling System (GAX-PCS), using ammonia-water as
the working fluid, is presented. The GAX-PCS was designed for a cooling capacity of 10.6 kW (3 tons). A simulation model was devel-
oped, calibrated and validated with experimental values in order to predict the performance of the system outside the design parameters.
Experimental results were obtained using thermal oil, at temperatures from 180 to 195 °C, as heating source. An internal heat recovery in
the system of ~55% with respect to the total heat supplied in the generator was obtained. Also the performance of the GAX absorption
system, integrated to a micro gas turbine (MGT) as a cogeneration system was simulated. Overall efficiencies for the cogeneration system
from 29% to 49% were obtained for cooling loads from 5 kW to 20 kW, respectively. With the theoretical and experimental study of the
proposed cycle, it is concluded that the GAX-PCS presents potential to compete technically in the Mexican air conditioning market.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Nowadays, there is a worldwide interest in energy sys-
tems that can work recovering waste heat or that use
renewable energy and less primary energy from fossil fuel
combustion, which products contribute to climate change
and the greenhouse effect.

The Generator Absorber heat eXchange (GAX) absorp-
tion cooling cycle has a great potential to decrease electri-
cal energy consumption for air-conditioning in the
residential and small commercial sectors. An indirect-fired
system also offers the possibility of using alternative ther-
mal energy technologies such as advanced concentrating
collectors in high beam irradiance areas, as the northern
part of Mexico, hybrid systems (i.e. solar—natural gas) or
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to make use of waste heat from microturbines, increasing
the efficiency of cogeneration systems [1-3].

The absorption systems typically work with a binary
mixture, the refrigerant and the absorbent (e.g. ammo-
nia—water, lithium bromide-water), these mixtures substi-
tute the conventional refrigerants (CFCs and HCFCs)
which are responsible in a part of the global warming
and the depletion of the stratospheric ozone layer. A com-
mon binary mixture used in absorption systems is ammo-
nia—water, which is environmentally friendly with a lower
cost.

The traditional single effect ammonia-water system
reaches typically a coefficient of performance (COPy,) of
around 0.5-0.6 [4,5]. However, it can be reach up to 0.75
for water cooled systems (with water condensation temper-
atures from 20 to 25 °C) and radiant ceiling cooling appli-
cations (evaporation temperature from 5 to 10 °C). The
lithium bromide-water systems with a COPy, around of
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Nomenclature

AB absorber

AC air compressor

AHX absorber heat exchangers
CC combustion chamber
(6[0) condenser

COPy, thermal coefficient of performance
COPy.aux thermal coefficient of performance with para-
site power auxiliary

EC economizer

EG electric generator
EV evaporator

Expy  fuel exergy

F air filter

FR flow ratio

GAX generator—absorber heat exchangers
PCS  prototype cooling system

GE generator

GHX generator heat exchangers

m mass flow (kg/min)

MGT micro gas turbine
P pressure (bar)
PR precooler

0 heat rate (kW)
OrL electrical load (kWe)

Oru  fuel energy (kW)

Oir-ab  internal heat recovery in the absorber (kW)
Oiree internal heat recovery in the generator (kW)
RE rectifier

Rgy exergy efficiency

REG regenerator

SP solution pump

T temperature (°C)

TUR  turbine

TV throttle valve

Ty reference temperature (°C)

w power (kW)
first law cogeneration efficiency (%)
second law cogeneration efficiency (%)

”I,cog
nll,cog

0.7-0.8 for the same applications [4]. The GAX cycle is a
system that provides the highest coefficient of performance
of any single effect absorption cycle. Theoretical studies
report for GAX systems COPy, 30% higher than single
effect cycles [4,5]; recently some experimental studies of
GAX cycle for air-conditioning and refrigeration have
been reported [6,7]. The GAX technology was theoretically
developed by Altenkirch in 1913 [4], but the first prototype
working with natural gas was constructed in 1980. This
technology is nowadays a reality, but research and devel-
oped in this subject continues. In the last two decades
important contributions in order to increase the perfor-
mance of these cycles has been achieved. For example,
the GAX cycle with the addition of a pump, to recycle part
of the solution from the absorber to the generator in order
to equalise the quantities of heat exchanged, is known as
Branched GAX cycle (BGAX) [8]; different types of recir-
culations have been proposed, reporting increases in the
COPy;, up to 30% higher than the simple GAX cycle. Many
other advanced cycles are based on the principles devel-
oped by Altenkirch, such as the Vapour Exchange GAX
cycle (VXGAX) [9], Multi GAX cycle (MGAX) [10], the
Polybranched GAX (PBGAX) [10], and Regenerative
GAX cycle (RGAX) [11], amongst other. Kang et al. [12]
proposed the waste heat driven GAX cycle (WGAX) in
order to reduce the required temperature levels in the gen-
erator and therefore, opening the possibility of utilising
waste heat and avoiding corrosion problems. In the Centro
de Investigacion en Energia of UNAM a GAX absorption
prototype has been designed and constructed for a nominal
capacity of 10.6 kW (3 ton) [13]. In this type of systems the
priority is the internal energy integration, which increases

the cycle efficiency. The system was designed to be air-
cooled for ambient temperatures of 40 °C, at these condi-
tions a theoretical coefficient of performance (COPy,) of
0.82 including electricity consumption was numerically cal-
culated. In this paper, a comparison between theoretical
results and experimental results obtained with the GAX-
PCS working under different conditions will be presented.

2. Methodology
2.1. GAX effect

The GAX cycle conserves the essential elements of a
single effect water-ammonia cooling absorption cycle:
generator (GE), rectifier (RE), absorber (AB), condenser
(CO), precooler (PR), economizer (EC), evaporator (EV),
throttled valves (TV) and a solution pump (SP). The differ-
ence between a traditional single effect cycle and GAX is
the internal heat recovery; part of the absorption heat is
recuperated by the generator, which leads to a decrease
of the thermal energy supply in this device, increasing
the COPy, of the system. In order to obtain this effect it
is necessary to add to the system a pair of heat exchangers
and a pump if a hydronic loop for the heat transfer is used.
Fig. 1(a) and (b) shows the schematic comparison of a tra-
ditional single effect absorption system and the GAX
system.

2.2. Description of GAX-PCS

The Hybrid GAX-PCS, have the same essential elements
of a single effect water-ammonia cooling absorption cycle.
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Fig. 1. (a) Single effect traditional absorption cooling cycle; (b) GAX absorption cooling cycle.

The rectifier is placed at the top of the generator, to make
an integrated generator-rectifier (GE-RE) column. The
GAX section of the generator is placed in the top of the
absorber in order to integrate the absorber-GAX (AB-
GAX) column, as shown in Fig. 2. Both, GE-RE and
AB-GAX columns are separated in sections for higher
energy integration, obtaining an important reduction in
the heat supply to the generator and also a reduction in
the heat rejected in the absorber. These columns are of
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Fig. 2. Schematic diagram of GAX absorption cooling prototype.

the falling film type; they were manufactured with annular
finned tubes in order to improve the heat transfer. The con-
denser, precooler and evaporator are compact shell and
tube heat exchangers. Fig. 3(a) shows the generator-recti-
fier and absorber-GAX columns of the GAX-PCS cooling
system, and Fig. 3(b) shows the condenser, precooler and
evaporator, as well as the solution pump [14]. At this exper-
imental stage, the system only used thermal oil to drive the
generator, which was heated by a 24 kW electrical resis-
tance. At a following stage it will be driven by a hybrid
energy source (LP gas—solar) using an indirect-fired burner
and high efficiency solar collectors. The energy indicators
selected to evaluate the operation of the absorption cooling
system were: the thermal coefficient of performance
(COPy,) defined by Eq. (1), the thermal coefficient of per-
formance including the parasitic power required for pumps
and fans of the system (COPy,_.ux) Eq. (2), and the flow
ratio (RF), defined by Eq. (3), using subscripts with refer-
ence to Fig. 2

COPy, = Qev (1)
QGE
COPlh—aux = QEV (2)
Oge + Wsp + Wag + Wco + Wre
1y
e (3)

2.3. Description of the GAX-PCS coupled to the micro gas
turbine (MGT)

The cogeneration or simultaneous production of useful
heat and power in a thermal system often involving a tur-
bine, in which a fuel is burnt to produce hot gases to drive a
turbine coupled to an electric generator. The thermal
energy of the exhaust gases is recovered to drive an
absorption cooling system before being rejected to the
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Fig. 3. (a) Generator—rectifier and absorber-GAX columns of the GAX
cycle, (b) condenser, precooler and evaporator equipments of the
absorption cooling system.

environment. The theoretical cogeneration system pre-
sented in this paper utilises a MGT as the primary power
generation system, to which the generator of a GAX-PCS
was coupled in two different configurations, as shown in
Fig. 4(a) and (b). The first configuration proposed in
Fig. 4(a), with direct use of the exhaust gases in the
GAX generator includes: (A) the MGT and (B) the
GAX-PCS. The second configuration proposed in
Fig. 4(b), includes: (A) the MGT, (B) the heat recovery sys-
tem, with a heat exchanger between the thermal oil and the
exhaust gases and (C) the GAX-PCS. The MGT selected
for this study had a nominal capacity of 30 kWe. Table 1
shows the main characteristics of the MGT, operating in
steady state conditions. More specific data of the exhaust
gases at different conditions have been reported [15].

The overall system efficiency can be calculated from the
ratio of the cooling load plus electrical load to the input

fuel energy to the cogeneration system, as expressed by
Eq. (4) [16]:

~ Opv + O
’/II,cog - QFU

The second law efficiency given by Eq. (5) considers that
the combustion exergy is the same for both cogeneration
cases considered, however, due to the considerations for
the thermal oil case, where the evaporation load and the
output oil temperature are fixed, the irreversibilities due
to heat transfer between the exhaust gases and the thermal
oil are not reflected in the values obtained by the second
law, but they appear in the evaporation load. Due to this,
the evaporator load is lower in the thermal oil case, where
the fuel exergy (Exgy) is defined by [17,18] and (Rgy) is the
combustion exergy efficiency and its value is around 1
depending on the type of fuel that is used. Values of Rgy
can be obtained from [19]. For this analysis, a value of
Rgy of 0.95 has been considered for the propane-butane
mixture:

0 _ —Opv(1 = To/Tev) + Op
II,cog EXFU
_ —Opv(1 = To/Tev) + Op (5)
Ry - QFU

For evaporator temperatures Tgy below ambient tempera-
ture the Carnot factor (1 — To/Tgy) takes negative values.
Due to this the first term of Eq. (5) has a negative sign in
order to add the exergy produced by cooling with the ex-
ergy produced by the turbine.

)

2.4. GAX cycle numerical simulation

The simulation model in this work differs from the
model developed by Herold et al. [8] as it has special char-
acteristics mentioned in Section 2.2. Also the model was
validated and adjusted with the experimental results
obtained with the prototype. However, the model can be
modified for different working conditions for other GAX
cycles.

The ASPEN PLUS process simulator was used in order
to predict the behavior of the GAX system in the genera-
tion temperature range from 180 to 220 °C, as well as the
performance of the microturbine in steady state applica-
tions. The Redlich-Kwong-Soave (RKS), Braun K10
(BK-10) and Peng—Robinson-Boston—-Matias (PR-BM)
equations of state were selected to calculate the thermody-
namic properties of the ammonia—water mixture, the ther-
mal oil and the combustion gases, respectively, because it
showed good agreement with the technical literature [20].
Specifically, ammonia—water properties have been com-
pared with NIST database [21] obtaining differences of less
than 5%. The average boiling point, molecular weight and
the specific gravity values were introduced in the simulator
to calculate the thermophysical properties of the thermal
oil, because they were not provided in the database [22].
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Fig. 4. Schematic diagram of GAX-PCS coupled with (a) MGT; (b) MGT and heat recovery system.

Table 1

Characteristics of the micro gas turbine

Parameters Units Description
Volumetric flow rate m*/min 14.4

Mass flow rate kg/h 0.264
Nominal electrical power kWe 30.0
Nominal thermal power kW 234

Fuel flow at full load MlJ/h 374.5
Exhaust gas temperature °C 293.7

In the simulation results, the key parameters such as,
FR and temperature lift were analyzed in detail because
these parameters have a close relation with the GAX oper-
ation and affect directly the COPy, values. The following
parameters and assumptions were used in the GAX
absorption cooling system simulations: isentropic efficiency
of the pump, 80%; mechanical and electric efficiency, 96%;
minimum temperature difference for each one of the heat
exchangers, 10 °C and a total drop pressure of 4% of the
total pressure in the system. These values were validated
with the experimental test. The following parameters were
used in the MGT simulations: isentropic and mechanical
efficiency of the compressor, 74% and 89%, respectively;
compression ratio, 3.35; hot stream outlet temperature
approach in the regenerator, 93 °C; isentropic and mechan-

ical efficiency of the turbine, 86% and 97.4%, respectively;
turbine discharge pressure, 1 bar. More details of the
MGT simulation are reported by [15].

3. Experimental testing of the GAX system

The procedure developed to characterize and to evaluate
the GAX-PCS was carried out by means of experimental
tests taking the values obtained from the simulations as ini-
tial conditions. Thermal oil temperature was varied from
180 to 195 °C at the entrance of the generator—rectifier col-
umn to predict the thermal and fluid dynamic behavior of
the system at this range. These experimental results were
used also in order to know the mass flow rate of the differ-
ent loops of the system and to compare them with the
numerical results obtained by the theoretical model.

Once the system has reached the steady state, the vari-
able adjust sequence was started. The register and store
of these variables was carried out by a data acquisition sys-
tem and a personal computer. Temperature measurements
were collected from RTD (PT-100) probe with accuracy of
40.15 °C, pressure values were obtained from piezoelectric
transducers with an accuracy of +0.2 bar, the mass flow
measurements were obtained from Coriolis sensors with
accuracy of 0.1% and electromagnetic turbine sensors
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with an accuracy of 4+0.3%, while the concentration mea-
surements of ammonia—water, weak and strong solution
were obtained by chemical titration with an uncertainty
of +4%.

4. Results and discussion

4.1. Experimental result of the GAX prototype cooling
system

The experimental conditions operating with thermal oil
presented higher than expected heat losses that resulted in
heating oil temperatures entering the generator of around
192 °C, below the design generator temperature of
225 °C. Heat losses in flanges and in the insulated piping
as well as a larger than required hot oil storage tank were
the main reasons for the large heat losses quantified at
around 20%. To compensate these heat losses, a higher
heating oil flow rate than the design value was used, that
caused an increase in the heat duty. In the experimentation,
the pressure in the low pressure side of the system was
higher than the design value; this was a consequence of a
bad distribution of the solution in the falling film absorber
which did not perform as expected. This increased the
evaporation pressure, and as a consequence the evaporator
temperature could not be reduced to produce chilled water
temperature to the design value of 10 °C. This also limited
the cooling capacity of the prototype to values of around
7.1 kW against the design value of 10 kW. As a conse-
quence, the internal heat exchange in the GHX, AHX
and GAX heat exchangers was lower than expected. How-
ever, although the prototype was working below design
conditions, the internal heat integration reached values of
up to 6.58kW (55.7% of the heat supplied to the
generator).

V.H. Gomez et al. | Applied Thermal Engineering 28 (2008) 975-987

Fig. 5 shows the temperature profiles of the weak solu-
tion after 25-30 min, when the system was stabilized.
Fig. 5, also shows the internal heat recovery of 2.32 kW
in the GHX section through the heat exchange of the weak
solution flow.

Fig. 6 shows the temperature profiles of the strong solu-
tion flow when it passes through both the AHX and GAX
sections, where the temperature increases in 12 and 24 °C,
respectively; due to the internal heat recovery of 4.26 kW,
which help to increase the cycle efficiency.

Fig. 7 shows the experimental behavior of the mass flow
ratio and the circulation ratio of the GAX system accord-
ing to the temperature difference between the condenser
and the evaporator (cycle lift). It can be seen from Fig. 7,
that as the lift increases, a higher strong solution mass flow
is required to feed the generator in order to produce the
same refrigerant flow.

Fig. 8 shows the way the experimental COPy, increases,
when the temperature of the thermal oil, supplied to the
generator, is increased.

4.2. Comparison of the numerical data with experimental
results of the GAX prototype cooling system

Table 2 shows the comparison of the results of the
7.1 kW (2 tons) case for the GAX-PCS, obtained numeri-
cally and experimentally, the values and uncertainties of
experimental data are reported according to Verma et al.
[23]. The results presented were carried out in steady state
conditions when the system was stabilized. The column
labeled “‘simulation” represents a model from a numerical
simulation. According to the values obtained by the
numerical simulation against the experimental results pre-
sented in Table 2, it is concluded that the model acceptably
represents the experimental working conditions and can be
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used as an important tool in order to design and to opti-
mize these systems.

Table 3 compares the experimental heat loads for each
component of the GAX-PCS, to the heat loads calculated
with the simulation program. The experimental results pre-
sented are average values for a series of experiments where
steady state was reached and the cooling load remained
constant. The generator heat load for the numerical simu-
lation was adjusted to the experimental value, as no heat
losses are considered in the theoretical model.

The required experimental generation heat load was of
11.81 kW. In order to generate the 11.81 kW it was
required to circulate 10 LPM of thermal oil through the

generator. The heating oil was supplied at around 195 °C
and exits at 165°C, so a real temperature difference of
30 °C in stable conditions was encountered. The tempera-
ture of the heating oil was below the expected design values
due to high heat losses.

The cooling load obtained in the simulation was similar
to the 7.1 kW obtained experimentally, resulting from a
similar temperature difference in the chilled water. The
chilled water flow rate was fixed at 15 LPM for both cases
and the refrigerant vapour fraction after the expansion
valve was fixed for the simulation at 5%.

The condenser heat load removed in the simulation was
again very similar to the experimental value; the difference
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Table 2
Comparison between simulation and experiment values of GAX cooling system
Parameters (Point) Units Simulation Experimental (value + s.d.)
Ammonia concentrations
Weak solution NHj fraction (1) % 17.00 17.15£0.32 (n=Y5)
Strong solution NHj fraction (23) Y% 43.50 42224+ 0.57 (n=15)
Refrigerant NHj fraction (15) % 99.21 99.10 £ 0.13 (n=5)
Pressures
Generator bar 20.00* 19.95 £ 0.45 (n=64)
Condenser bar 19.96 19.90 £ 0.27 (n = 64)
Evaporator bar 6.00% 6.20 £0.12 (n = 64)
Flow rates
Refrigerant (15) kg/min 0.36 0.35 £+ 0.006 (n = 64)
Chilled water (34) kg/min 15.00* 15.00 + 0.25 (n = 64)
Temperatures
Inlet evaporator (34) °C 18.77 22.10 £ 0.09 (n = 64)
Outlet evaporator (35) °C 11.76 15.33 £0.06 (n = 64)
Heating oil inlet GE (38) °C 190.00% 192.55 +0.34 (n = 64)
Outlet rectifier (15) °C 81.00 82.20 £ 0.20 (n = 64)
Outlet throttled valve (18) °C 9.70 11.00 £ 0.07 (n = 64)
Cycle performance
COPy, 0.61 0.58 £0.05 (n = 64)
COPip-aux 0.57 0.53 £0.025 (n = 64)
Circulation ratio 2.51 2.63 +0.028 (n = 64)
Flow ratio 3.51 3.63 +0.028 (n = 64)
Cooling load kW 7.30 7.10 £ 0.15 (n = 64)

n: number of data; s.d. standard deviation.
# Input value.

was mainly due to the 2 °C subcooling encountered in the
experimental work against the saturation conditions con-
sidered in the simulation.

Although the heat load extracted in the air cooled absor-
ber have similar values, the experimental pressure was
6.2 bar against the 6.0 bar obtained in the simulation. This
results from a poor operation of the absorber and the pres-

sure increase suggests ammonia vapour accumulation in the
absorber column and a deficient distribution of the falling
film weak solution which affected the absorption process.

The experimental rectifier heat load rejected in the recti-
fier was 4.35% higher than the simulation value; this was
the heat load with the highest difference, all the other val-
ues were below this difference.
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Table 3
Comparison between simulation and experimental values of component
heat loads

Parameters Units Simulation Experimental % Difference
Oce kW 11.81 11.81 -

Orv kW 7.30" 7.10 2.74

Oas kW 9.23 9.21 0.22

Oco kW 6.65 6.60 0.75

ORre kW 2.30 2.40 4.35

Opr kW 0.90 0.87 3.33

Oir-ab kW 4.10 4.26 3.90

Oir-ge kW 2.25 2.32 3.11

QOir.ab = Internal heat recovery in absorber.
Qir.ge = Internal heat recovery in generator.
* Input value.

0.85

The internal heat recovery obtained in the simulation
for the generator and absorber columns is consistent with
the simulation values. Figs. 5 and 6 show the experimental
temperature profiles of the strong ammonia solution and
the weak ammonia solutions as they exchange heat at
steady state conditions in the GHX and AHX-GAX sec-
tions, respectively. The heat recovered in the internal heat
exchange was of 6.58 kW, which represents 55.7% of the
total heat added to the generator.

As a result of the similarity of the heat loads, the exper-
imental COPy, of 0.58 is similar to the theoretical value of
0.61. The experimental value can be increased by reducing
the heat losses to the ambient that can reach up to 20% of
the heat added to the generator.
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4.3. Simulation of the operation of the GAX-PCS coupled to
a selected MGT

Two configurations were analyzed, firstly the configura-
tion shown in Fig. 4(a), where the exhaust gases enter
directly to the generator heat exchanger. Secondly, the con-
figuration shown in Fig. 4(b), where the hot gases exiting
the MGT enter a recuperator heat exchanger to heat the
thermal oil that will then enter the generator of the GAX
absorption system. In both cases the cooling load was var-
ied from a minimum value of 5kW up to the maximum
possible cooling capacity as a function of the available heat
in the microturbine exhaust gases. The simulation was
made considering no heat losses to the ambient for both

configurations described. Fig. 9 shows the theoretical val-
ues of the coefficient of performance for cooling (COPy,)
as well as the coefficient of performance including the par-
asitic power required for pumps and fans (COPy,_,.) for
the GAX system operating from 5 to 25 kW of cooling
capacity, which is the maximum cooling capacity obtained
for configuration 4(a). It can be seen that as the cooling
load increases the value of the COPy, tends to be stable
around 0.81-0.82, however, COP ..« increases from 0.59
to 0.77 due to a higher cooling load, although the parasitic
consumption also increases. The internal heat exchange in
the GAX system increases significantly both in the absor-
ber Qi..p and in the generator Qj.. as Fig. 10, shows.
Consequently, this brings lower energy consumption in
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Fig. 14. Theoretical volumetric flow of the thermal oil versus cooling load.

the generator for an equal operation temperature of
290 °C, obtained from the exhaust gases.

As COPy,_,ux and the internal heat recovery Qj;..;, and
Oir-ee Increase with an increase in the cooling capacity of
the refrigeration system, the first law cogeneration effi-
Ciency i cog also increases as shown in Fig. 11, reaching
values of 48% at the maximum cooling capacity of
25 kW, indicating a better use of the heat from the micro-
turbine exhaust gases and lower exhaust gases rejected to
the ambient. In the same way the cogeneration second
law efficiency also increases, however, its values are lower
than for the first law as it takes into account the destruc-
tion of exergy due to internal irreversibility effects, obtain-

ing a value of 27.2% for a cooling load of 25 kW, Fig. 12,
shows the values obtained for the coefficient of perfor-
mance COPy, and COPy, ..« operating in the range of
5 kW up to 20 kW, which is the maximum cooling capac-
ity obtained for configuration 4(b). It can be seen that the
COPy, values are in the order of 0.81 and are similar to
ones obtained for the configuration shown in Fig. 4(a);
however, the COPy, ,ux values vary from 0.56 to 0.74
and reach values which are 10% lower than those obtained
with the other configuration, the reason being that the
COPy,_aux 1s affected by the heat losses in the recuperator,
as an efficiency of 95% was considered. Fig. 13 shows how
the internal heat recovery QOj;.., and Qj,.q. increases as the
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refrigeration capacity increases, in a similar form for this
configuration 4(b) as it did in configuration 4(a). Fig. 14
shows the theoretical volumetric heating oil flow required
to produce the cooling capacity from 5 to 20 kW, with a
generator heating temperature T, of 220 °C. Fig. 15
shows the second law cogeneration efficiency values #yycog
and how this value increases with an increase of the cool-
ing capacity. The second law efficiency increases reaching
a value of 26.7% at the maximum cooling load of 20 kW
and its value departs from that of the first law efficiency
as the cooling load is increased for a constant evaporation
temperature due to the increment in entropy also increases
the Qgv, according to the definition of entropy by Kotas
[19]; For this reason efficiencies lines in Fig. 15 have differ-

V.H. Gémez et al. | Applied Thermal Engineering 28 (2008) 975-987

ent slope. The results are similar for both configurations
4(a) and 4(b). Finally, Fig. 16 shows the useful heat from
the turbine exhaust gases not recovered and rejected to the
environment against the cooling capacity of the GAX sys-
tem. Also shown are the exhaust gases temperature which
is similar for both configurations studied.

5. Conclusions

The experimental tests developed were useful to validate
the simulation model and to evaluate the performance of
the GAX-PCS operated with thermal oil. The simulation
model carried out can be used to predict the values of the
operation parameters when the GAX-PCS is operated at
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different working conditions. The real system was stabilized
after 25-30 min of operation, obtaining a maximum cool-
ing load of 7.1 kW. The COPy, obtained was of 0.58 with
a generation temperature of 192.5°C. The experimental
results were lower than the design results due to lower
range of operating temperature of the heating oil and the
low performance of the absorber of the prototype, but this
problems that will be corrected in a second stage. The
numerical simulations of a GAX absorption cooling system
coupled to a MGT as a cogeneration system were analyzed.
Two configurations were proposed; the configuration (a)
with direct use of the exhaust gases in the GAX generator
shows a COPy,.ux 10% higher than configuration (b) with
an extra heat exchanger between the thermal oil and the
exhaust gases. For configuration (a) cogeneration and sec-
ond law efficiency are 44% and 26.7%, respectively, and it is
possible to obtain 5 kW more of cooling load that configu-
ration (b). With this comparative analysis is possible to
know the potential that these cogeneration systems could
reach, recovering efficiently the disposed energy in the
microturbine exhaust gases, improving the overall perfor-
mance of the cogeneration systems.
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