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a b s t r a c t
A solar collector system is coupled to an absorption heat transformer to distill water, using a Carrol/
water working solution of 63% by weight in the generator (Carrol is a mixture of lithium bromide and 
ethylene glycol). The system has two collector blocks connected in series with an approximate inclina
tion of 18° and south orientation five solar panels parallel connected, measuring 1.85 m × 1.10 m, and 
two solar panels with 2.05 m × 0.93 m, with a total area of 14 m2. The maximum efficiency of the solar 
panels is 0.75, and the power 10.79 kW. The solar energy is supplied heat to the generator to increase 
the coefficient of performance of the absorption heat transformer up to 0.78.
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1. Introduction

1.1. Energy situation

Solar radiation is the most important source of renew
able energy on earth; it is inexhaustible, abundant and 
free. Our planet receives this energy in the atmosphere and 
exceeds the annual population requirements worldwide. 
Solar energy that falls by 1 m2 could save approximately 
100 L of gasoline in 1 y [1]. In today’s industrial societ
ies, the scarcity of fossil fuels and their adverse effects on 
global warming and air pollution are cause for immediate 
attention. In addition, there are many thermal systems that 
release large amounts of residual heat at low temperatures 
of 60°C–100°C to the environment [2].

1.2. Solar technology

Solar thermal energy today, despite the recent boom  
in photovoltaic energy, represents the largest solar contribu
tion to our energy needs, with more than 196 giga watts of 
thermal capacity and 162 terawatts thermal hour produced 
in 2010 [3]. There are different technologies to capture 
solar energy, a solar panel (SP) is a technology that extracts 
part of the heat produced by the downward flow of solar 
radiation and becomes a source of energy. The outstanding 
elements among the most advantageous and low manufac
turing and maintenance costs for businesses such as food, 
beverages, textiles, metallurgical, surface treatment, paper 
and, chemical industry; where hot water is wasted in the 
process or where there is high and continuous employment 
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of energy SP energy can be used when the heat is required 
from a clean energy source with thermal levels ranging 
between 60°C and 280°C, and up to 400°C for electricity 
generation systems [4]. Another technology is the tubes 
evacuated to capture solar energy are suitable for low 
temperature applications (180°C–300°C), due to the high 
coefficient of thermal loss [5]. Empirical studies were carried 
out with a heat pump coupled to a floor with a SP system, 
connected in a row, to heat a room. This work was presented 
at a solar heating plant in China; the use of SP energy is sug
gested as an alternative source for the heat pump, instead of 
recharge wells, for heat storage. It was concluded that the 
process of solarassisted heating has a significant effect on 
the improvement of the well temperature and energy effi
ciency, which confirmed that the heat pump together with 
a plant with SP system will be more convenient for heating 
the rooms in cold areas [6]. Ayompe and Duffy [7] analyzed 
the thermal behavior of a solar water heating system with 
an SP in a cold zone in Dublin, Ireland. The maximum tem
perature of the fluid when leaving the registered collector 
was 70.4°C, SP efficiency of 45.6% and system efficiency of 
37.8%. The losses shown in the supply tube were 16.4% of 
the energy collected. They concluded that since the total 
annual heat loss in the pipes for the supply was 1,171.7 MJ, 
which is equivalent to 16.4% of the energy collected and 
19.8% of the energy delivered to the hot water tank. Supply 
pipes should be kept as short as possible to reduce energy 
loss. They analyzed a SP from the point of view of exergy 
where the SP was operated with singlewall carbon nanoflu
ids as an absorbent medium. Nanofluids reduce the genera
tion of entropy by 4.34% and increase the heat transfer coef
ficient by 15.33% compared to water as an absorbent fluid 
[8]. They experimented with an SP where the working fluid 
was SiO2/ethylene glycol. The thermal efficiency and perfor
mance characteristics of the SP are obtained for mass flow 
rates between 0.018 and 0.045 kg/s. The characteristics of the 
solar collector curve indicate that the effects of particle load
ing in improving thermal efficiency are more relevant in the 
higher values of the heat loss parameter. SiO2 nanoparticles 
improve the efficiency of SPs despite their low thermal con
ductivity compared to other usual nanoparticles [9].

1.3. Absorption heat transformer

To reduce fuel consumption and environmental pollu
tion, the heat absorption transformer (AHT) is used, which 
is activated with residual heat or a renewable energy source 
(solar or geothermal). An AHT is capable of purifying water 
and saves energy without contamination [10]. An AHT uses 
energy with a low thermal level (from 60°C to 80°C) and 
increases it to a higher thermal level (90°C–120°C). Energy 
from the SP can be used to activate its thermodynamic 
cycle. Its main advantages are: it does not pollute, it can use 
energy that does not come from fossil fuels, it has a closed 
cycle and it produces highquality energy for the process 
that needs it, such as pasteurization, desalination, steriliza
tion, air conditioning, steam production, roasting, drying 
and purification [11,12]. The most commonly used working 
solution in AHT is lithium bromidewater, however, it has 
the disadvantage of crystallization at concentrations close to 
70% by weight. Another working solution is Carrol/water, 

where Carrol is a mixture of lithium bromide [LiBr] and eth
ylene glycol [(CH2OH)2] in the ratio 1:4.5 by weight (Carrier 
Corporation, Florida Beach Gardens, Florida, U.S.A.). This 
mixture has thermodynamic characteristics similar to that 
of lithium bromidewater with high solubility of up to 80% 
by weight, which makes it possible to operate the heating 
system at higher temperatures with less corrosion problems, 
in addition, the working solution selection is a critical part 
for the proper functioning of the AHT since the cycle devel
ops according to the thermodynamic, chemical and physical 
properties of the working solution (absorbent and refriger
ant). So a study was made at AHT using Carrol water at 59%, 
63% and 70% as a working solution. The best results of the 
energy coefficient of performance (COP) were achieved with 
the working solution of 63% because it’s thermodynamic and 
transport properties were optimal for the desorption and 
absorption processes Torres [13]. Condensation temperatures 
and the effectiveness of solution heat exchangers have been 
shown to favor crystallization [14]. The basic AHT reaches 
low gross temperature lift (GTL) with respect to a double 
absorption AHT [15]. A mathematical model was proposed 
to optimize the thermodynamic performance of an AHT, 
where it was shown that energy efficiency and exergy could 
increase by 10% and 5.3%, respectively in the most optimal 
condition [16]. An experimental analysis of an AHT was 
performed under controlled conditions with the H2O/LiCl/
ZnCl2 and H2O/CaCl2/ZnCl2 working solutions, where the 
performance of a solar absorption system for simultaneous 
cooling and heating operating with H2O/LiBr and alterna
tive mixtures of aqueous hydroxide (NaOH:KOH:CsOH). 
The system with the hydroxide mixture can operate with 
higher performance coefficients than the system with the 
lithium bromide mixture and with a higher temperature 
range [17]. A method to evaluate the characteristics and per
formance of a singlestage H2O/LiBr absorption machine 
was presented with the mass and heat transfer equations. 
The analysis showed that the greater the difference between 
the input and output concentrations of LiBr in the absorber 
is lower the mass circulating in the absorber [18].

1.4. Solar panel – absorption heat transformer

The experimental coupling of SP to AHT is very limited. 
The AHT has been used to improve the thermal level of a 
solar pond, since the GTL was 44°C with a COP between 
0.10 and 0.16 [19]. The temperature of a solar pond for water 
desalination at 100°C can be reached by means of an AHT. 
To obtain 1 m3 of desalinated water in 1 d, a solar pond 
between 1,000 and 4,000 m2 is needed [20]. A theoretical pro
posal is to use a flat plate collector to supply the activation 
heat in a solar double stage absorption heat transformer, 
which works with the H2OLiBr solution. The results show 
that there is an optimum temperature of the absorber/evap
orator to obtain the minimum values of CPK (capital cost 
per kilowatt of heat capacity) and PP (recovery period). It 
is possible to obtain minimum values CPK of 928.1 euros/
kW and PP of 4.0 y respectively at absorber/evaporator of 
104°C, with a solar radiation intensity of 600 W/m2, genera
tion temperature at 75°C, condensation temperature at 38°C, 
absorption temperature at 135°C and economizer efficiency 
adjusted to 0.8 [21].
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After conducting a review of the literature, no work 
was found in which an experimental absorption heat trans
former for water distillation is activated through the use of 
solar panels. There are several theoretical and experimen
tal studies focused on the individual study of AHT and SP 
respectively, where the main objectives have been focused 
on improving the performance of energy through new con
figurations, heat and mass transfer coefficient, heat transfer 
areas, falling film and pool boiling, new heat exchangers, etc.

On the other hand, renewable energy sources must be 
used as much as possible to mitigate pollution and con
serve fossil reserves, since environmental conditions for 
living beings are more aggressive to their health. Based 
on the above, this experimental work studies the use of 
solar energy to active the thermodynamic cycle of an AHT. 
Solar energy is supplied to the generator to reduce the heat 
demand of the AHT, and therefore improve the COP. The 
performance of the SPAHT, the behavior of the generator 
and the amount of distilled water is analyzed considering 
different environmental conditions.

2. Description of the solar panel

Fig. 1 shows the SP system. This is a MaxSolar C/
Hipertinox (AXOLHiperTinox model), manufactured by 
the Modulo Solar Company (Cuernavaca, Morelos, México). 
The system has two blocks of solar panels that are connected 
in a row, with an approximate tilt of 18° and facing south: 
five solar panels with a parallel connection, measuring 
1.85 m × 1.10 m and two solar panels in a row, measuring 
2.05 m × 0.93 m, with a total surface of 14 m2. The first block 
(1, 2, 3, 4, 5) serves to increase the heat received, and the sec
ond block (6, 7) serves to increase the fluid temperature to 
meet the requirements of the AHT generator for purifying 
water. All they are connected by a copper pipe with a diam
eter of 2.54 cm. Inside, they have 9 copper fins with a diam
eter of 0.635 cm per panel; they have a black enamel coating 
as a heat absorbent. The panel’s lining is made of 1.27 cm 
of polyurethane, as thermal insulation, and it has a 4 mm 
transparent glass cover to increase solar energy collection.

The water storage tank is cylindrical, made of carbon 
steel with an epoxy coating. External measurements are 
1.722 m long and 0.608 m in diameter, with a capacity of 
500 L. It includes insulation with a side exit of 2.54 cm in 
diameter and a polyurethane cover which is 3.81 cm wide, 
used for thermal insulation. Interconnection tubing is 

2.54 cm in diameter. It uses a 0.745 kW Grundfos pump 
(Manufactured in Bjerringbro, Denmark), which is auto
mated by a differential temperature controller (with two 
sensors) and panels with a pressure release valve. This valve 
works at 1.034 MPa and 100°C, avoiding the buildup of 
pressure and temperature; there is also a ventilation valve. 
According to the technical specifications of the provider, the 
SP system may reach temperatures of up to 80°C, for which 
it may be used as activation heat in AHT components. The 
capacity of the solar system was previously determined by 
considering the energy requirement of the AHT based on 
previous experimental tests shown in Table 1, where the 
heat needed to reach saturation conditions in the generator 
for 7 h was 1.44 kW at 90.4°C maximum. The array of 7 solar 
collectors (series and parallel) and a 500 L water tank meet 
the generator demand of the AHT.

2.1. Description of absorption heat transformer for distilled water

Fig. 2 shows the configuration of the Absorption heat 
transformer to distilled water (AHTDW). It is composed 
of the main circuit and three secondary circuits. The main 
circuit components are generator, condenser, evapora
tor, absorber and economizer. These components are heat 
exchangers, made of stainless steel 316 L. The generator 
and the absorber are formed by the casing and tubing; the 
rest are spiral exchangers with a central pipe. The genera
tor concentrates the water Carrol working solution to 63% 
by weight. This process takes place under certain saturation 
conditions (pressure and temperature) where part of the 
working fluid is separated from the working solution. The 

Fig. 1. Solar panel system.

Table 1
Previous work to determine the capacity of the solar system

Works Author Generator inlet 
temperature (°C)

Heating mass 
flow (L/min)

Test 
time (h)

Generator 
heat (kW)

Experimental study of a water purification system 
coupled to an AHT using the water/Carrol mixture

Hernández 
Soria [22]

90.07 6–7 7 0.24–1.44

Experimental evaluation of a thermal transformer using 
water/Carrol

Torres [13] 90.4 6.8 4.75 0.64

Theoretical and experimental study of a system for 
water purification integrated into a thermal heat 
transformer using water/Carrol

Huicochea 
[12]

78.0–90.6 0.13 4 0.61–1.06
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generator’s working fluid flows to the condenser, whose 
function is to change the phase of the working fluid from 
vapor to subcooling liquid. This liquid moves towards 
the evaporator, whose function is to change the phase of 
the working fluid from liquid to overheated vapor. This 
vapor and the working solution coming from the genera
tor are mixed in the absorber, which releases useful heat 
at a higher thermal level than the one which was delivered 
(to the generator and evaporator), through an exothermic 
reaction. The economizer preheats the concentrated solu
tion working that flows from the generator to the absorber, 
using the energy of the solution working that flows from 
the absorber to the generator. In this experimental analysis, 
a water Carrol solution at 63% weight was used, since the 
literature reports maximum COPs of 0.34 and 0.28 at the 
same concentration [12,22].

2.2. Coupling of SP system with the AHTDW

Fig. 3 shows the coupling of the SP system and the 
AHTDW. In this work, two nonpolluting technologies are 
joined. The SP system has the following advantages: low 

cost, basic manufacturing, extended commercial distribu
tion, low maintenance cost, and dependability. It obtains ther
mal power at a maximum temperature of 80°C reported by 
Modulo Solar Company in Cuernavaca, Morelos, México. 
This technology is an environmentally friendly alterna
tive because it uses energy that does not come from fossil 
fuels; it also has a closed cycle. This means that the work
ing solution is not used up nor does it pollute because it 
has no contact with the outside environment while gener
ating highquality power for processes that require tem
peratures between 80°C–120°C. In the task described in 
this work, it was used to distilled water by using an AHT.

Table 2, an investigation was carried out of the types of 
solar panels existing in the local market with their thermo
dynamic and transport characteristics, as well as their costs. 
It is determined that flatplate solar collectors are a viable 
option because of temperature and cost.

3. Method

The SP system begins to function at early hours, in 
order to collect the greatest amount of solar power. When 

Fig. 2. Configuration of AHTDW.
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the refrigerant of the SP system reaches 42°C, the AHT is 
turned on; this is at the minimal absolute pressure, in order 
to reach the saturation conditions of the working solution 
at a low temperature in the generator. Once the maximum 
solar radiation has been reached, heat is provided to the 
generator, to obtain vapor. The methodology was as follows: 
water flows through the copper tubing, which is in contact 
with the solar radiation absorbing plate and is pumped to a 
carbon steel storage tank which is insulated by a 1½″ poly
urethane cover. The configuration consists of three parts 
of the SP system: in series, in parallel and a third that is 
achieved by coupling the other two. Like this, the SP system 
is coupled to the AHT to reach an adequate temperature 
and be able to send the liquid to the entrance of the genera
tor. The SP system was tested during 9 months (January to 
September), from 8 a.m. to 5 p.m. To measure the heat fluids 
supplied to the generator, a fluxmeter was used with a max
imum measured flux of 15 L/min, with 3% precision in the 
measurement of the total relationship. To measure tempera
ture in the SP system, Ttype thermocouples were used with 
±0.1°C of accuracy, which resulted in ±0.2°C uncertainty for 
each thermocouple pair. For data acquisition, a data logger 
from Agilent Technologies (Manufactured in Santa Clara, 
California, U.S.A.) was used, 34970A series with 20 channels 
of voltage access for the direct measurement of the thermo
couples. The process included the startup of the SP system, 
knowing its thermal levels, period and duration, coupling 
the systems and starting tests by making hot water coming 

from the SP flow through the storage tank towards the 
AHTDW generator in order to transfer energy; then, mak
ing the water flow again towards the SP system to increase 
its thermal level and repeat the cycle in such a way that it 
is synchronous with the AHTDW. The circuits are then acti
vated, where the generator will take that energy in order to 
increase its thermal level and get saturation conditions in 
the solution which are needed to reach the stable state (with
out changes), thus obtaining distilled water in the AHTDW.

3.1. Calculation of components in the system of SP

The yield of the collector is defined as the relationship 
between collected energy and energy received at a given 
point in time. Eqs. (1) and (2) include the mass flow, input 
and output water temperatures, as well as the water’s 
Cp at a different temperature.

η = ⋅
Q
S
Iu  (1)

Replacing Qu by its value, in the Bliss equation [23], 
leads to:

η τ α= ⋅ ⋅( ) − ⋅ ⋅
−( )
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Fig. 3. Coupling SP system with the AHTDW.

Table 2
Comparison of solar panels

Types Operating temperature (°C) Cost per unit

Flat solar collector ≤82 $6,363
Flat solar collector with reflecting surface 60–120 $8,321
Vacuum tubes collector 100–200 $11,356
Parabolic segment concentration sensor 80–200 $241,000
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3.2. Calculation of uncertainty for coupling

The combined uncertainty was obtained through the 
Taylor series method [24], where “y” is given by a model, 
y = f(x1, x2, xN), the combined Uc(y) uncertainty is given by 

U y f
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U xC
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=
∑ , which was used to determine the 

combined uncertainty in the direct and indirect variables of 
the SPAHT coupling. Table 3 shows the main uncertainties.

3.3. Comparison of thermal desalination technologies

Different technologies exist for thermal desalination 
where there is a large economic and technical investment 
[25,26]. An alternative is the one developed in this work, 
where simpleeffect evaporation is achieved by taking 
advantage of the useful heat obtained in the AHT, which 
uses solar heat. Table 4 shows a comparison of the proposals 
reported up to now, using different thermal technologies.

3.4. Calculation of components of AHTDW

External balance for the evaluation of the AHTDW, 
starting with energy equilibrium and based on the principle 
of energy conservation [27], proves that:

Q Q Q QEV GE AB CO+ = +  (3)

Calculation of the input power: generator and evaporator:

Q hmGE GE= ( ) ( )∆  (4)

Q hmEV EV  = ( ) ( ) ∆  (5)

Calculation of output power: absorber and condenser.

Q hmAB AB  = ( ) ( ) ∆  (6)

Q hmCO CO  = ( ) ( ) ∆  (7)

Using the power data, the COP is calculated; this is the 
most important parameter in a heat transformer. It is defined 
as the power provided by the absorber QAB divided by the 

total amount of power provided to the generator and the 
evaporator (QGE + QEV) [28]:

COP AB

GE EV

=
+
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Q Q

 (8)

The work of the positive displacement pumps is ignored, 
since the highquality energy used is very low, compared to 
the thermal energy provided to the equipment [27,29].

In this work, in order to make the coupled systems more 
effective, to present a COP of the AHTDW coupled to the SP 
system (COPSP), which is the result of the energy obtained 
in the absorber divided by the energy in the evaporator 
because the energy in the generator is supplied by renew
able energy.

COPSP
AB

EV

=










Q
Q  (9)

4. Results

Fig. 4 shows the behavior of temperatures in the SP 
system during almost 11 h (May 17, 2017). At approximately 
14:20 h the output temperature of the tank was over 64°C. 
From this point, heated water is provided to the generator; 
this is the minimum temperature required by the AHTDW 
to initial the operation. The temperature increases to over 
65°C at 14:50 h and it remains, for about 4 h (until 17:50), 
because the exit temperature in the SP is greater than 
this temperature, reaching values of 88.9°C. During this 
time, an experimental test was carried out.

Table 5 shows the 4 average temperatures of water in 
the different points of the SP system, obtained from May 
13 to 17, 2017. The maximum temperature was obtained at 
the SP exit; from this point, water flows to the generator in 
order to transfer energy.

Fig. 5 shows the behavior of solar radiation on May 17, 
2017. The maximum value obtained was 932 W/m2, when 
multiplied by the collector area of 14.0 m2, reaching a total 
of 13.05 kW at approximately 12:10 h; this is because the 
sun shines directly on the SP at this hour. Radiation vari
ations during the day are shown under the curve because 
some clouds covered the sun during this period and solar 
radiation decreased. It is good to clarify that, depending 
on the seasons and the day, radiation changes, and this 
will be reflected in the curve. There are different meth
ods to determine solar radiation: mechanical actinograph 
graph, Kriging geostatistics (latitude of the site), estimated 
radiation (satellite image) and in situ measurement (pyra
nometer). The insitu measurement method was used for 
our study. Solar radiation characteristics were provided by 
the CONAGUA meteorological station, which is near the 
research laboratory.

The experimental tests were developed in the spring, 
in order to have maximum solar radiation in the laboratory 
zone. The main parameter in SP efficiency is the yield curve. 
Fig. 6 represents the estimated yield vs. the temperatures 
and received solar radiation. A maximum of 0.75 efficiencies 

Table 3
Uncertainty of the main components

Solar panels

Variables Uncertainty (%)
Tout hot water ±0.2
ṁac ±0.03
Qu ±5.02

Absorption heat transformer

QGE ±14.13
Tout,GE ±0.2
COP ±15.17
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was obtained, at an ambient temperature of 31.6°C. In the 
SP installation, the NOM003ENER2011 [30] and ANSI/
ASHRAE931986 [31] procedures were used to determine 
the efficiency. The SP specifications were gotten from the 
manufacturer and may be found in section 2.0.

Fig. 7 shows the energy in the generator (figured with 
the equation: Q = m × Δh) and its evolution over time. The 
range of heat energy increases at 11:40 h, from 1.5 to 3.45 kW. 
The highest powers are obtained starting at 15:45 h during 
the test, as well as the main recorded temperatures (Fig. 4), 

Fig. 4. The behavior of the temperature of the SP related to the time.

Fig. 5. Solar irradiation on May 17th.

Table 4
Comparison of thermal technologies to desalinate water

Thermal and membrane desalination processes Installation in 
Mexico (%)

Energy consumption 
(kWh/m3)

Cost (USD/m3)

Multi stage flash distillation (thermal) 4% 8 kWh/m3 1.10 USD/m3

Multiple stage distillation (thermal) 1% 4 kWh/m3 1.5 USD/m3

Inverse osmosis (membrane) 50% 2.8kWh/m3 0.6 USD/m3

Solarabsorption heat transformer (thermalsolar) Growing Minimum because solar 
energy is used

Installation nothing 
more
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since these values are directly proportional. Here we need to 
mention that fluctuations in the figure are due to the inter
mittent operation of the pump. Heat flow in the generator 
represents the heat going through the solar panels, which is 
deposited in the storage tank where it supplies the generator; 
heat losses in the component do not affect the performance 
evaluation, since only the intransit heat flow is considered.

Fig. 8 shows the AHTDW behavior in an experimen
tal test, coupled with the SP system as a source of energy. 
The test began at 14:00 h with the coupling between AHTSP 
systems. The temperature of the water entering the gener
ator was approximately 78°C, and this was supplied from 
the storage tank, where the internal temperature was 82°C, 
given by the SP. The stability criterion for AHT was defined 
when the temperature of the absorber in the external circuit 
varied between 93.5°C and 94.5°C for a period of 90 min. 
The stable state was reached 2.5 h after having started the 
experimental test, where the maximum temperature in 
the absorber was 94.0°C with a maximum GTL of 16.9°C. 
The evaluation of the water purification system was carried 
out in the last 12 min of the stable state of the AHT by the 
thermal inertia of the processes connected in series, shown 
in Fig. 3. The water purification process at 614 mmHg 
demands a saturation temperature of 94.1°C, REFPROP 
[32]. For this experimental study, the generator’s tempera
ture does not decrease, although solar radiation decreases 
over time since the supply to the generator comes from the 
500 L storage tank.

Fig. 9 shows the behavior of temperature and thermal 
energy in the generator against time. We see that input 
temperature to the generator, at 14:00 h was near 40°C and 
shows a positive slope until reaching approximately 78.9°C. 

Table 5
Average in parameters on operation of SP

Position Temperature  
at 12:00 h/d

Maximum temperature  
in the day

Temperature 
at 17:00 h/d

Tout of tank 47.7°C 71.0°C 67.5°C
Tin to SP 43.2°C 66.1°C 53.9°C
T between SP 54.5°C 84.4°C 75.6°C
Tout of SP 60.0°C 88.9°C 88.2°C

Fig. 6. The efficiency of the SP system. Fig. 7. Evolution in time of the calorific power in the SP system.

Fig. 8. Temperature vs. time of the AHTDW.

Fig. 9. The behavior in the generator of AHTDW.
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After 42 min, the behavior of the energy in the generator is 
almost continuous, with a power of 3.45 kW.

Fig. 10 shows the behavior of 2 temperatures: one is 
the SP output and the other is the input temperature to 
the generator. The SP heat was used as an energy source 
for the generator, and through a thermodynamic cycle, 
the temperature increases up to a higher thermal level. 
It shows that the SP temperature at 10:00 h was 22°C, while 
the temperature at the entrance of the generator, without 
heating water flow, was 18°C. When the temperature at 
the SP entrance increased to 60°C, the SP system and the 
AHTDW were coupled.

5. Efficiency and performance

Table 6 includes the values obtained from the exper
imental tests. The SP’s efficiency resulted from the useful 
power divided by the product of the radiation intensity 
(provided by CONAGUA) [33]. The COP is the power 
obtained in the absorber, divided by the energy supplied 
to the generator and the evaporator, while the COPSP is the 
result of the energy obtained in the absorber divided by the 

energy supplied to the evaporator, not counting the energy 
supplied to the generator, since this was obtained from solar 
radiation.

Also, in Table 7 shows the energy from the generator, 
evaporator and absorber (Eqs. (4)–(6)). Between 70.72% and 
71.31% of the energy used by the AHTDW is provided by 
the SP system, which is the percentage of energy for the 
generator.

Fig. 11a shows the COP with respect to COPSP. COPSP 
is greater because it was not divided by the power of the 
generator, since this energy was provided by the SP. This 
was different from the COP, where it is the result of the 
power of the absorber, divided by the sum of the powers 
of the generator and the evaporator. The COPSP, as has been 
mentioned before, are directly proportional to the power of 
the absorber. Fig. 11b shows the behavior of the distillate 
obtained with respect to the COP in the experimental tests.

Fig. 10. Evolution in time of the SP system coupled to AHTDW.

Table 6
Efficiency of solar panels

Qu (W) I (W/m2) A (m2) η (dimensionless)

10,795 1,023 14.0 0.75
10,341 1,046 14.0 0.71
7,438 932 14.0 0.57
3,810 842 14.0 0.32

Fig. 11. (a) COP against COPSP and (b) distilled water against COP.

Table 7
Values of efficiencies and powers

Maximum Minimum

QGE 3.45 kW 3.28 kW
QEV 1.39 kW 1.36 kW
QAB 1.09 kW 0.72 kW
COP 0.22 0.15
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6. Conclusions

A system of solar panels was connected to an AHTDW 
as a source of energy. The maximum efficiency of the 
solar panels was 0.75 at 12:20 h. Saturation conditions in 
the generator could not be maintained after 18:30 h; thus, 
alternative heating is needed. The solar panel system pro
vides approximately 70% of the total energy required for 
the operation of the absorption heat transformer, where 
the coupling of the solar system is done directly to the 
generator and the maximum temperature reached in the 
SP was 88.9°C. The AHTDW used the water Carrol work
ing solution at a Carrol concentration of 63% by weight, 
where the temperature in the absorber was 94°C, GTL was 
16.95°C and 0.01 L/min of distilled water were obtained.

Abbreviations and symbols

AB — Absorber
AHTDW —  Absorption heat transformer to distilled 

water
CO — Condenser
COP —  Energy coefficient of performance, 

dimensionless
ECOP —  Exergy coefficient of performance, 

dimensionless
EV — Evaporator
F — Factor of heat removal, dimensionless
GE — Generator
GTL — Gross temperature lift, °C
h — Enthalpy, kJ/kg
I — Total useful irradiation, kW/m2

m� — Mass flow rate, kg/s
Q — Heat flow rate or power, kW
Qu —  Amount of useful energy extracted per area, 

kW/m2

S —  Incident solar radiation absorbed per area, 
W/m2

SP — Solar panels
T — Temperature, °C

Greek letters

α — Absorbance of recipient, dimensionless
η — Efficiency, dimensionless
λ — Wavelength
τ — Transmittance of glass cover, dimensionless

Subscripts

a — Room temperature
c — Average temperature of absorbing plate
EXT — External
in — Inlet
out — Outlet
SP — Solar panels
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