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Abstract: Absorption heat transformers are effective systems for a wide variety of applications;
however, their main purpose is to upgrade thermal energy from several sources at low-temperature
up to a higher temperature level. In the literature, several advanced configurations for absorption
heat transformers have been reported which are mainly focused on the improvement of the gross
temperature lift by the use of a double absorption process; however, these systems usually offer
a reduced coefficient of performance. The present study proposes a new advanced configuration
of an absorption heat transformer that improves the coefficient of performance utilizing a double
generation process. The operation of the new configuration was numerically modeled, and the
main findings were discussed and presented emphasizing the effect of several parameters on the
system performance. The highest coefficient of performance and gross temperature lift were 0.63 and
48 °C, respectively. From its comparison with a single-stage heat transformer, it is concluded that
the proposed system may achieve coefficient of performance values up to 25.8% higher than those
obtained with the single-stage system, although achieving lower gross temperature lifts.

Keywords: absorption heat transformer; thermal energy upgrade; water-lithium bromide;
COP enhancement

1. Introduction

In the last decades, the utilization of absorption heat transformers (AHT) has been the focus of
attention of engineers and scientists, mainly due to the high potential that this kind of systems offer to
upgrade thermal energy from a low-temperature source up to a higher temperature level for several
practical purposes, at a relatively low cost. The characteristics of AHT make its use very attractive
when geothermal or solar energy sources are used as heat input, or even by using industrial waste heat.

Three review papers have been published on the research of AHT, which were realized by
Parham et al. [1], Donnellan et al. [2] and Rivera et al. [3]. These three papers summarized some of the
applications of theoretical and experimental systems working with different mixtures. The papers
cited below are some of the most outstanding investigations about advanced configurations found in
the literature.

1.1. Theoretical Investigations about Advanced Heat Transformers

The majority of the investigations available in the literature on advanced absorption heat
transformers are numerical studies with different purposes, but in general, they seek to identify the
thermodynamic limits and performance of each proposed configuration. Rivera et al. [4,5] published
two investigations to evaluate the effect of the heat exchangers on advanced heat transformers. It was
found that increasing the effectiveness of the economizer improved the performance of the system when
the temperature of the absorber was at least 40 °C above the temperature of the heat source. Also, a
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comparison between the single and two-stage configurations was presented. Besides, the authors found
that higher gross temperature lifts (GTL) could be obtained with the double-stage heat transformers,
although with lower coefficients of performance. Ji and Ishida [6] proposed a series of modifications
to the double-stage cycle using energy utilization diagrams and modes of sensible and latent heat
exchange in the generators and absorbers. These changes allowed to obtain GTL values higher than
10.7 °C and increments in exergy efficiency close to 7%, although the coefficient of performance (COP)
had a slight decrease.

In 2002, Goktun and Er [7] used an irreversible thermodynamic approach to investigate the
optimal performance of a cascade absorption heat transformer. In this study, the authors took into
account the internal irreversibilities as well as the thermal resistances, whose effects were considered in
the equation to calculate the COP. It was found that the cascade system achieved a significant increase
in GTL (9%) with respect to the single-stage cycle.

Zhao et al. [8,9] proposed a novel configuration for a double absorption cycle and a new solution
cycle, respectively. From a comparison with similar configurations, it was found that the proposed
cycle was able to achieve better COP at high absorption temperatures, reaching a maximum value of
0.32. The gross temperature lifts varied from 60-100 °C.

Some numerical simulations were carried out by Rivera et al. [10] to analyze the performance of
heat transformers coupled with solar ponds. The objective of the investigation was to obtain the highest
temperature of the useful heat. The single-stage and double-absorption configurations were found to
offer the best results, with the former, it was found that it was possible to increase the temperature of
the pond up to 50 °C with a COP close to 0.48; while with the latest configuration, the temperature of
the pond could be increased up to 100 °C with a COP of 0.33.

Lee and Sherif [11] studied the thermodynamic behavior of a triple-absorption heat transformer.
The authors found that the GTL was higher than that obtained with single-stage and double-absorption
heat transformers (DAHT), although the values for the COP were lower than those obtained with
the other systems. It was found that the COP increased with the temperature of the heat source and
decreased with an increment of the condensation temperature.

Donnellan et al. [12] investigated the optimal number and location of the internal heat exchangers
in a triple-absorption heat transformer. The authors found that in the conventional configuration,
the heat exchangers were not used effectively, in such a way that the COP could be increased by 11.7%,
and the irreversibilities could be reduced by 21%. Later Donnellan et al. [13], determined the main
factors affecting the performance of the system, finding that the condenser temperature and the heat
transfer gradient had the most important effect. This study also demonstrated that the maximum
exergy destruction takes place in the generator, followed by the two absorber-evaporators.

Regarding exergy destruction, Fartaj [14] and Martinez and Rivera [15] analyzed a DAHT using
the first and second law of thermodynamics. The authors found that the maximum exergy destruction
occurred in the generator. Moreover, it was proved that the performance of the system is better when
the temperatures of the generator, evaporator, and evaporator-absorber increased, and the temperatures
of the absorber and the condenser decreased. These results were consistent with those reported by
Wang et al. [16] who showed that in the generator, condenser, and absorber-evaporator, occurred the
most of exergy destruction.

In other investigations, Wang et al. [17] introduced a new double-absorption heat transformer able to
reach a maximum COP value of 0.33 when the temperature of the absorber was 130 °C, the evaporator and
generator temperatures were 80 °C, the absorber-evaporator was 105 °C, and the condenser temperature
was 30 °C. On the other hand, Liu et al. [18] proposed a heat transformer (HT) able to operate at absorption
powers from 7.2-15.5 kW, obtaining COP values from 0.2-0.38. The maximum absorption temperature
achieved was 124 °C, while the maximum GTL reached was 34.8 °C.

Recently, Salehi et al. [19] studied the crystallization risk of the H,O-LiBr mixture under different
operating conditions in several components in single, double, and triple-effect heat transformers.
It was found that high absorber temperatures increased the risk of crystallization at the outlet of the
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expansion valves, particularly in the case of double and triple-effect systems. Moreover, it was proved
that in any of the configurations analyzed, low condensation temperatures, together with low heat
exchanger efficiencies, increased the crystallization risk.

On the other hand, Hernandez-Magallanes et al. [20] proposed a new cycle integrating a heat
transformer with a heat pump capable of producing electric power and useful heat, simultaneously.
This cycle was modeled considering its operation with the working pair NH3-LiNOjs. The simulations
showed that it was possible to obtain increases in the temperature of the supplied heat up to 40 °C, and,
at the same time, to produce 300 kW of electric power. Also, from the comparison of this cycle with
an Organic Rankine Cycle (ORC) and a HT, operating separately at the same temperature conditions,
it was demonstrated that the proposed cycle could reduce the energy usage and the irreversibilities by
32.3% and 21.6%, respectively.

1.2. Experimental Investigations

The majority of the experimental investigations found in the literature, analyze the performance
of single-stage heat transformers (SSHT), and some of the most relevant studies are the following:
Rivera et al. [21] analyzed the performance of an experimental single-stage heat transformer, based
on the first and second laws of thermodynamics. From the results, it was determined that the best
COP of the system was obtained at higher solution concentrations; the contrary occurred when the
temperature of the absorber was increased. Also, it was noticed that the absorber contributed with
about half of the system irreversibilities. To reduce these irreversibilities, Colorado et al. [22] proposed
a methodology based on neural networks, by which the irreversibilities could be reduced up to 14%.

In another work, Rivera et al. [23] utilized some additives to increase the heat transfer coefficient
in the absorber and generator of a SSHT, decreasing with their use the irreversibilities and improving
the system performance. The authors reported that the absorption temperatures were increased by
5 °C by adding 400 ppm of 2-ethyl-1-hexanol, while the COP increased up to 40%, being the highest
COP value close to 0.49.

On the other hand, as an alternative method to improve the corrosion resistance capacity in the
materials used as components of heat transformers, mainly operating with the HyO-LiBr mixture,
Oloarte et al. [24] proposed the introduction of graphite disks arranged in a column inside the absorber.
The results of this investigation demonstrated that the heat transfer coefficients could be increased
by this method. Also, Marquez-Nolasco et al. [25] also studied the utilization of graphite disks in
components of a heat transformer. The authors evaluated a generator with 18 graphite disks. The COP
registered varied from 0.25-0.48.

Ma et al. [26] assessed an experimental AHT with the vapor absorption taking place inside vertical
spiral tubes. It was demonstrated that the coefficient of performance and thermal efficiency decreased
when the solution flow increased. Also, it was proved that the influence of the hot water mass flow
rate on the performance of the system is negligible. The maximum COP reported was 0.4.

More recently, in Korea, Hong et al. [27] analyzed the possibility of generating steam by the use
of a SSHT. In their research, the authors suggested a couple of modes to supply the heat load to the
system. According to the results, the operation mode depends on the effect desired, having the choice
to maximize the steam production or the COP.

On the other hand, Conde et al. [28] studied the conditions to optimize the performance of a heat
transformer with energy recycling. It was found that the generation temperature is one of the main
variables to pay attention when it is desired to increase the COP and get energy savings.

From the literature reviewed, it can be verified that the majority of the advanced configurations of
heat transformers reported in the literature are mainly focused on getting high gross temperature lifts
for different purposes. It also can be noticed that although several papers proposed to improve the
performance of these systems by the enhancement of the coefficient of performance or by any other
method, none of the papers in the literature proposed a double-generation or also called double-effect
process (by similarity with absorption cooling systems) to increase the coefficient of performance. In the
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present study, a new configuration of an advanced absorption heat transformer called double-effect
heat transformer (DEHT) operating with the water/lithium bromide mixture is analyzed.

2. System Description

2.1. Single-Stage Heat Transformer

The main objective of the SSHT is to use waste heat or renewable energies such as solar thermal
or geothermal energy, to transform it into useful heat at a higher temperature level.

The diagram of the SSHT is shown in Figure 1. The principal components of the system are
an evaporator, an absorber, a generator, a condenser, and an economizer. Its operating principle is
as follows: the liquid-phase mixture enters to the generator, where a determined amount of heat is
supplied at a generation temperature (Tg) to evaporate part of the working fluid from the absorbent.
The vaporized working fluid leaving the generator (point 1) enters to the condenser where a quantity
of heat is delivered at the condenser temperature (T¢c) from the working fluid condensation, which
leaves the component in saturated conditions (point 2). Then, the working fluid is pumped to the
evaporator incrementing its pressure (point 3). In the evaporator, an amount of heat is supplied at an
evaporator temperature (Tg) to produce vapor at saturated conditions (point 4). In the absorber, the
vapor is absorbed by the solution with high absorber concentration leaving the generator (point 8)
delivering an amount of useful heat at the absorber temperature (T,), being this the highest system
temperature. The weak solution leaving the absorber (point 5) flows through the economizer (point 6)
preheating the solution going from the pump (point 9) to the absorber (point 10). Finally, the solution
leaving the economizer passes through the valve, reducing its pressure (point 7) before entering the
generator, starting the cycle again.

P
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Evaporator —— Absorber
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Pc,Pc |- Condenser *— Generator
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Figure 1. Temperature and pressure levels of a single-stage heat transformer (SSHT).

According to Figure 1, the system operates at two pressure levels and three temperature levels.
It is considering that the heat is supplied at the same temperature to the evaporator and the generator.

2.2. Double-Effect Heat Transformer

As can be seen in Figure 2, in the DEHT an extra heat exchanger called generator/condenser is
added to the system which has a double purpose. One side of the heat exchanger acts as a condenser
condensing the working fluid produced in the generator, while the other side acts as a second generator
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which produces a second stream of refrigerant by using the heat delivered from the condensation
process of the working fluid. So, in this way, with the proposed system it is possible to produce a
second amount of working fluid by supplying heat at intermediate temperature to only one generator
and the evaporator, in a similar way that the single-state heat transformer. It is important to mention
that in this system the heat supplied to the generator must be at a higher temperature level than the
heat supplied to the generator in the SSHT in order that the second generation process can produce
refrigerant. The rest of the DEHT operates similarly than the SSHT described in Section 2.1.

P
4 j:t
—

6
Pal— Evaporator Absorber
ﬁ 14 :’ /
Economizer

Pc |—

Te Te, Te Ta

Figure 2. Temperature and pressure levels of a double-effect heat transformer (DEHT).

3. Mathematical Model

The modeling of the cycle considered energy, mass, and matter balances in each component
of the system. The simulation was performed in the Engineering Equation Solver (EES) (Academic
Professional V10.464-3, F-Chart Software, WI, U.S.)

3.1. Assumptions

For the heat transformer analysis, the following assumptions were adopted in the development of
the mathematical model:

i In order to calculate the properties of the system, thermodynamic equilibrium conditions
are considered.

ii. The cycle works in steady-state conditions.

iii. A rectifier is not required since there is not absorbent evaporation throughout the cycle.

iv. The same source is used to supply the heat to both the generator and the evaporator.

V. Heat losses from the heat transformer components are considered negligible.

vi. Refrigerant saturation points are assumed at the exit of the condenser, the evaporator, and the
generator/condenser.

Vii. Saturation conditions for the solution are assumed at the exit of the absorber, the generator,

and the generator/condenser.
viii.  Pressure losses due to friction are neglected.
ix. The pumping process is isentropic.
X. The throttling process in the valves is isenthalpic.
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3.2. Main Equations

The main equations used for the simulation of the DEHT are presented in Table 1. This table
shows the heat loads in the condenser (QC), the absorber (QA), the evaporator (QE), the generator
(Qg), and the generator/condenser (Qgc), the works done by pump 1 (Wp1), and the pump 2 (Wpy),
the GTL, the COP, the economizer effectiveness (ngc) and the exergy efficiency (ngx). Tp in the exergy
equation represents the ambient temperature.

The SSHT was modeled using similar equations and algorithm as the DEHT. The expressions
utilized to calculate the coefficient of performance, the gross temperature lift, and the exergy coefficient
of performance are reported by Rivera et al. [21]. The economizer effectiveness is defined as the ratio
between the actual heat transfer to the maximum possible heat that could be transferred. To determine
this value, the lowest enthalpy must be calculated according to Ibarra et al. [29], this enthalpy is hy 13
(at a concentration 7 and temperature 13).

Table 1. Main equations for the double-effect heat transformer (DEHT).

Double Effect Heat Transformer

Absorber (A) Condenser (C)
me +myy = my mz +mq5 = my )
mg Xg +myyX1g = myXy mghs + myshis = mghy +Qc
mg hg + myghys = myhy + Qa Economizer (EC)
Evaporator (E) myhy + my3hy3 = mghg + myghy
mshs + Qg = mehe nec = (hig —hiz)/(hy —h713)
Generator (G) Coefficient of Performance (COP)
my = my +myg COP = Qa/(Qg + Qg + Wp1 + Wpy)
mgXg = m1 Xy + mypXyg Gross Temperature Lift (GTL)
mohg + Qg = myhy + mghs GTL =Ta - Tg
Generator-Condenser (GC) Flow Ratio (FR)
myq = myp + M5 FR = m7/my
my1Xy; = mypXpp + my5Xis Exergy Efficiency
mythi; + Qae = myphyy + myshys —_— Q(-12) -
mph; = mohy + Qge Qs (1—*)+QE(1—7)+Wm + Wi

3.3. Input Data

The input data for the development of the mathematical model is shown in Table 2. The range
of condensation temperature is between 20 °C and 40 °C. The effectiveness of the economizer was
set in 0.8 and the thermal absorption power in 10 kW, for the base case. The generation temperature
varied between 70-130 °C (simulating the waste heat supplied by an industrial process); however,
for the SSHT the highest Tg was set on 100 °C since this system cannot operate at higher temperatures
due to crystallization problems. The absorption temperature varied from 100 °C up to the maximum
possible value that each cycle can reach. Finally, Tgc was between 50-100 °C, which is an intermediate
temperature between the condenser and the generator.

Table 2. Input data.

SSHT DEHT

Variable Operation Range Increment
Tc (°C) 20-40 5
Ta (°C) 100-170  100-194 2
Tg (°C) 70-100 75-130 5
Tge (°C) - 50-100 1

MEC 0.8 -

Qa (kW) 10 -
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3.4. Algorithm

The algorithm followed for the simulation of the DEHT is shown in Figure 3. The input parameters
were: The useful power produced in the absorber, the economizer effectiveness, and the temperatures
of generation (Tg = T1), generation/condensation, (Tgc = T5), condensation (T¢ = T4), and absorption

(Ta =To).

Input data
T1=Te=T1o, T2, T7, Nec, Qa
Refrigerant saturated vapor: g
Refrigerant saturated liquid: gz, gs

Calculate Pressure Levels
P2=Psat(T2), Ps=Psat(T4), Ps=Psat(Ts)

Assume
T12=T1s

*4
Calculate refrigerant enthalpies
hy=h(T1,P1), h15=h(T15,P15), h2=h(T2,2), hs=h(Ts,q4), he=h(Ts,qs)

!

Calculate solution concentrations
x7=X(T7,P7), X10=X(T10,P10), X12=X(T12,P12)

v

Calculate solution enthalpies
h7=h(T7,%7), h10=(T10,X10), h12=h(T12,X12)

; Adjusted
Calculate T2
hs=ha*+Wg>, h13= h12+Wg1 A

v

| Calculate hys=h(nec)

Y

Calculate mass flow rates
m1, Ma, M7, M1, M12, M35 by mass, matter and energy balances in each component

{

Calculate
hg=h(energy balance in the economizer)

!

Calculate
Qc.Qe Qa: Qac No

1

Qcc1=Qcc2

Si
[l

Calculate
COP, GTL, FR, EX

Figure 3. Algorithm flow chart for the modeling of the DEHT.
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4. Results

4.1. Modeling of the DEHT

Figure 4 presents the coefficients of performance as a function of T, for different values of T.
In this figure, it can be observed that the COP values decrease rapidly with the increment of T4 . This
behavior is expected, since the increment of T4 also causes an increment on the concentration of the
solution leaving the absorber, thus reducing the concentration difference between the two solutions
flowing from the generator to the absorber and from the absorber to the generator. The decrease in
concentrations causes that the system loses the ability to generate and to absorb the working fluid, thus
reducing the coefficients of performance. Also, it can be seen that the absorber temperatures achieved
by the system strongly depend on the values of Tg.

- Te =20°C

0.60f N TEE?:?;C
— Ts=90°C
0.55[ | roesec
— Tg=100°C
§ o.s0p ] — Ts=105°C
Te=110°C
0.451 Te=115°C
i — Ts=120°C
0.40] ] — Te=125°
— Ts=130°C

0.35[
100 120 40 180 180

T4 (°C)

Figure 4. COP as a function of T at different T values for the DEHT.

Figure 5 shows the COP as a function of the GTL for different T values. From this figure, it can be
observed that the COP decreases with an increment of the gross temperature lift. This behavior occurs
for the same reasons explained in Figure 4, since the GTL is defined as the difference between T4 and
Tg. From the figure, it can be seen that the maximum COP are higher 0.6 for gross temperature lifts of
25 °C, while the lowest coefficients of performance are about 0.4 for gross temperature lifts of 40 °C.
Besides, it can be observed that the COP decreases with an increment of the T¢ values. The increase in
Tc causes the system to dissipate heat at a higher temperature, which causes a decrease in the COP.

0.60f
0.55|
— Tc=20°C
S — Tc=25°C
Q
— Tc=30°C
0.50|
— Tc=35°C
— Tc=40°C
0.45|

GTL (°C)

Figure 5. COP as a function of GTL at different T¢ values for the DEHT.
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Figure 6 shows the COP as a function of T for different T¢ values. It can be observed that the
COP increases significantly with an increase of Tg, augmenting from 0.46 at a Tg value of 85 °C,
up to 0.62, at a Tg of 105 °C. The increment of the coefficient of performance occurs due to the higher
amount of the working fluid produced by the increment of the temperature of the heat supplied to
the component.

0.60
— Tc=20°C
0.55
g — Tc=25°
(8]
Tc=30°C
— Tc=35°C
0.50 — Tc=40°C
Ta=110°C
Nec = 0.8
045 L L P M.
85 90 95 100 105

Ts (°C)

Figure 6. COP as a function of T at different T values for the DEHT.

Figure 7 shows the variation of the COP as a function of the flow ratio. It can be seen that the
flow ratio is a critical variable in the system performance since the coefficient of performance rapidly
decreases with the increment of this parameter. This behavior is justified by the flow ratio definition,
since an increment of the flow ratio means that the amount of the working fluid decreases with respect
to the solution flowing from the generator to the absorber, causing that a higher amount of energy
has to be supplied to the generator, thus reducing the coefficient of performance. Besides, the COP
decreases with an increment of T for the reasons explained in Figure 5.

o.60f
0.55|
— Tc=20°C
S — Tc=25°C
[&]
Te=30°C
0.50}
— Tc=35°C
Tc=40°C
0.45)
L]

5 10 15 20
FR

Figure 7. COP as a function of FR at different T values for the DEHT.

Figure 8 presents the variation of the COP as a function of the economizer effectiveness at different
generation temperatures. It can be observed that at higher TG, the value of the economizer effectiveness
practically does not affect the coefficient of performance, since for a Tg = 110 °C, the COP goes from
0.593 to 0.608 for effectiveness values of 0.5 and 0.9, respectively. However, at lower T values, such as
Tg =90 °C, the economizer effectiveness is very important since the coefficient of performance raises
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from 0.31 up to 0.5 for economizer effectiveness of 0.5 and 0.9, respectively. This behavior occurs since
an increase in T, causes an increment in the solution temperature leaving the generator/condenser
(T1), thus reducing the heat transfer potential since Ty, gets closer to the absorber temperature (T7)
which remains constant; however, at low T values the difference between T; and Tq, becomes higher,
increasing the heat recovered in the economizer, thus increasing the COP.

0.60}
P T .
-
&
0.55} o
0.50 Te=90°C
5 Te=95°C
0.45 To =100 °C
To =105°C
0.40 Te=110°C
Tc =30°C
0.35¢ Ta=110°C
0'30 C 1 L L 1 L L 1 L 1 L 1 L
0.5 0.6 0.7 0.8 0.9

Economizer Effectiveness

Figure 8. COP as a function of the economizer effectiveness at different Tg values for the DEHT.

Figure 9 shows the exergy efficiency as a function of the Tg for different T¢ values. It can be seen
that the exergy increases significantly with an increase of Tg, the minimum exergy value achieved
is around 0.5 at a T of 85 °C, and the maximum values are around 0.62 at a T of 105 °C. Besides,
the exergy efficiency increases when T¢ increases due to the reasons explained in Figure 6.

0.64f

0.62f

0.60/
-
(4]
=
@ 058 — Tc=20°C
(4]
E — Tc=25°C
5 0.56 - Tc=30°C
@
] — Tc=35°
W 0.54] ] ¢

— Tc=40°C
0.52 Ta=110°C
Nec = 0.8
0.50[
85 80 95 100 105

Te (°C)
Figure 9. Exergy as a function of the T for different T¢ values for the DEHT.
4.2. Comparison of the Performance between the SSHT and the DEHT

In order to show the advantages and disadvantages of the DEHT with respect to the SSHT,
Figures 10-12 compare the COP, the GTL, and the exergy efficiency, respectively.

Figure 10 shows the variation of the COP with respect to the generation temperature, at a
condensation temperature of 30 °C, for the two heat transformer configurations. As can be seen,
the systems operate at different ranges of Tg. The SSHT operates at Tg between 70 °C and 85 °C, while
the DEHT operates at Tg between 85 °C and 105 °C. For the SSHT, the COP values slightly vary with



Processes 2019, 7, 371 11 of 14

the increment of T, from approximately 0.45-0.49, while the DEHT achieves higher COP values from
0.46-0.62, which represents an increment of 25.8% with respect to those values obtained with the SSHT,
for these specified conditions. Besides, it can be seen that the COP increases with the increment of T,
as it was previously explained in Figure 6.

0.65
Te=30°C
0.60 Ta=110°C
Tl Nec =0.8
o 0.55[
Q — DEHT
— SSHT
0.50|
045/
70 " 80 " 20 " 100
Ts (°C)

Figure 10. Comparison of the COP as a function of T for the two different heat transformers.

Figure 11 compares the COP as a function of the GTL for both systems. As it was seen in Figure 10,
the SSHT and DEHT operate at different generation temperatures, which are specified for each system
in Figure 11. As it can be observed, the COP values remain almost constant for the SSHT at gross
temperature lifts up to 50 °C, and then rapidly decrease to a minimum value of 0.27 at a GTL of 63 °C.
On the other hand, the COP rapidly decreases for the DEHT with the increment of GTL, achieving
a maximum GTL of 48 °C. Despite this disadvantage, it can be observed that with the DEHT, it is
possible to achieve higher COP values than those obtained with the SSHT up to GTL values of 45 °C.

0.60}
0.55|
0.50]

o 048]

S — DEHT
0.40[ { — SSHT
0.35 T =30°C

Ut Nec =0.8
Tec =88°C
0.30)
20 30 40 50 80

GTL (°C)
Figure 11. Comparison of the COP as a function of the GTL for the two different heat transformers.

Figure 12 compares the exergy efficiency for both systems as a function of T4 . Since the SSHT
may operate at temperatures from 85 °C, it can be seen exergy values for T varying from 100 °C to
146 °C, while for the DEHT the exergy efficiency is reported for T varying from 161 °C-175 °C. This
happens since, for the specified conditions, the generation temperature is considerably higher with the
DEHT than with the SSHT. For the DEHT the maximum exergy efficiency was 0.62, while for the SSHT
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the maximum exergy was 0.54. These values are in concordance with the COP values reported for both
systems in Figure 10.

From the comparison presented for both systems, it is possible to observe that the SSHT can
operate at generation temperatures from 70 °C, can achieve GTL values up to 63 °C and can deliver
useful heat at absorber temperatures of 148 °C, obtaining a maximum COP value of 0.48. On the other
hand, the proposed system has the disadvantages of requiring generator temperatures of a least 85 °C,
reaching a maximum GTL value of 48 °C. Nevertheless, the proposed system can achieve COP values
as high as 0.63, which is 25.8% higher than those achieved with the SSHT. Besides, the DEHT can
deliver useful heat at absorber temperatures up to 175 °C, which is 27 °C higher than the temperature
achieved with the SSHT.

0.6/
==
Q
5
o 0.5+
E
" — DEHT
>
o — SSHT
ko]
Wogl

Te =30°C

Nec = 0.8

Toc = 88°C

0.3}
100 120 140 180 180

Ta (°C)
Figure 12. Comparison of the exergy efficiency as a function of T for the two different heat transformers.

5. Conclusions

A new configuration system called double-effect heat transformer operating with water/LiBr has
been analyzed and then compared with the SSHT. The comparison was presented as a function of the
main operating system parameters.

The results showed that the COP of the DEHT significantly decreased with the increment of
the absorber temperature, the FR and the GTL, while increased with the increment of the generator
temperature. The COP values did not present a significant change with the condenser temperature.
The maximum COP value was 0.63, and the minimum was 0.31, while the GTL varied from 24 °C to
48 °C depending on the system operating temperatures and the heat exchanger effectiveness. The
exergy values for the DEHT varied from 0.39-0.63.

From the comparison between the DEHT and the SSHT, it was observed that the proposed system
was able to achieve COP values up to 25.8% higher than those obtained with the SSHT, but reaching
lower GTL values.

From the analysis carried out, it can be stated that the proposed system is able to achieve the
highest COP amonyg all the heat transformer configurations reported in the literature.
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Nomenclature

AHT

Absorption Heat Transformer

copr Coefficient of Performance (dimensionless)

DAHT Double Absorption Heat Transformers

DEHT Double Effect Heat Transformer

FR Flow Ratio

GTL Gross Temperature Lift (°C)

h Specific enthalpy (%)

HT Heat Transformer

m Mass flow rate (%)

n Effectiveness (dimensionless)

ORC Organic Rankine Cycle

p Pressure (bar)

0 Thermal power (kW)

q Vapor quality (dimensionless)

SSHT Single-Stage Heat Transformer

T Temperature (°C)

W Mechanical power (kW)

X LiBr concentration (dimensionless)

Subscripts

A absorber

C condenser

E evaporator

EC economizer

G generator

GC generator-condenser

P pump
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