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A B S T R A C T

On-line LiBr+H2O concentration is estimated and used to predict the coefficient of performance
(COP) of a water purification process integrated to an absorption heat transformer (WP–AHT)
applying a number of different algorithms developed in Matlab. The COP is a very important
parameter for the performance of the WP–AHT. In this process the working fluid for the absorber
and generator is LiBr+H2O, whereas for the evaporator and condenser it is H2O. The LiBr+H2O is an
important mixture to increase the energy in the absorber of the heat transformer. Two temperatures
(absorber and generator) and two pressures (absorber and generator) are measured on-line to
estimate the different concentrations of the absorber and the generator in steady-state on-line. An
optimization method is taken to fit the unknown composition (Xsol) resulting from the equations.
Through these on-line Xsol estimations, we can predict on-line COP values from a thermodynamic
model. These results (Xsol) are satisfactory to estimate on-line the COP and to obtain the system
operating conditions for each measured set of temperatures and pressures. Furthermore, with these
algorithms that were developed, it is possible both to reduce costs of energy production and to allow
a process control. Finally, the elapsed time to calculate the COP from this algorithm is 0.5 s, which
is sufficient for the performance prediction of the system and it allows for automatic control.
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1. Introduction

Absorption heat pumps are devices used for raising
the temperature of low-grade heat to a more useful level
using a smaller amount of relatively high-grade heat [1].
Applications range from residential to commercial and
industrial needs; for example, in processes of heating,
refrigeration, purification of effluents, etc. [2].

*Corresponding author.

An absorption heat transformer is also known as a
reversed absorption heat pump or temperature amplifier
[1]. It delivers part of the heat input at a higher tem-
perature and the rest at a lower temperature. Waste heat
or solar thermal energy can be used as input heat for a
single-stage heat transformer while the high-grade
thermal energy delivered can be used as a heat source for
water desalination. The absorption heat transformer is a
system that consists of a thermodynamic device capable of
producing useful heat at a thermal level superior to the
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one in the source [3]. In the energy cycle of an absorption
heat transformer there are four main components: an
absorber (AB), an evaporator (EV), a generator (or
desorber) (GE), and a condenser (CO). The advantage of
an absorption heat transformer is that it may be incor-
porated into any other process that requires a temperature
greater than the one provided by the source.

In this context, several works report that it is possible
to integrate the absorption heat transformer to a water
purification process [2,4]. The integration of both pro-
cesses makes it possible to increase the temperature of the
impure water system, and thus it becomes useful for
getting pure water and heat. An economizer is placed
between the absorber and the generator to increase the
efficiency of the cycle [5]. It differs from a conventional
absorption heat pump in that the evaporator operates at a
higher temperature than the condenser. It also employs
two pumps instead of one [1]. The conventional heat
transformer uses the LiBr+H2O mixture, which is an ideal
mixture for working pair [6]. The LiBr is the absorbent,
whereas H2O is the working fluid.

This research applies a configuration of an absorption
heat transformer that increases COP by the incorporation
of the waste-heat from the water purification condenser to
both the absorption heat transformer evaporator and
generator (see Fig. 1). This increase is obtained from the
heat obtaining from the absorption heat transformer to be
recycled, thus reaching a higher value of COP, while only
the evaporator and generator temperatures are slightly
increased [6, 7].

The value of the LiBr+H2O composition is necessary to
obtain the mass and energy balances to calculate the heat

Fig. 1. Water purification process integrated to an absorption
heat transformer with the incorporation of the waste heat
from the auxiliary condenser to the evaporator and generator
of the absorption heat transformer. Continuous line (!) repre-
sents the absorption heat transformer; interrupted line (- . -)
represents the water purification process; dotted line (...)
represents the recycled energy. Numbers that appear in some
of the lines are the temperatures and pressures in the inlet
and outlet of each component and which are measured.

flow rate of the generator and of the absorber in the
internal primary circuit where the solution circulates. In
addition, it is important to know the value of the concen-
tration to avoid the proximity of crystallization of the
solution under certain operations conditions; since this
would involve severe damages in the components.

Consequently, the main goal of the present work is to
on-line estimate the LiBr+H2O concentration to predict the
COP values based on the direct pressure and temperature
measures in the integration of a water purification process
to an absorption heat transformer with energy recycling.
The thermodynamic model [6] is applied to predict the
COP values within the internal circuit of the system. It is
important to remark that in Escobar et al. [6], the pressures
and concentrations were calculated from the literature
because the pressures were not measured on-line.

2. Description absorption heat transformer integrated to
a water purification process

Fig. 1 shows the diagram of the heat transformer waste
energy recovery through the water purification process.
The impure water tank takes heat from the absorber (QAB);
this stream returns to the tank as a liquid-vapor mixture.
The steam is sent to the auxiliary condenser where it is
transformed to obtain distilled water. Then the resulting
heat in the auxiliary condenser is recycled to the heat
transformer.

2.1. On-line direct measures data acquisition

On-line direct measures, such as outlet temperatures of
four components (AB, GE, CO and EV), as well as two
pressures are carried out by robust sensors. A data acqui-
sition system handles the signals. The on-line data
acquisition system for the inlet and outlet temperature
measurement of the fluids, and two pressures from
absorber and generator in the absorption heat transformer
integrated to the water purification process were applied.
To get the data, we developed an algorithm in Matlab
language and used the Agilent Virtual Instrument Soft-
ware Architecture (VISA) which allows communication
between computer and data acquisition equipment
(Agilent 34970A), from the configuration of the port GPIB
(General Purpose Interface Bus), and with the commands
(fopen, fsprintf, fscans) of Matlab. GPIB is a digital com-
munications bus specification whit parallel protocol to
enable easier interconnection between data acquisition
equipment and computer.

2.2. On-line LiBr+H2O estimation considering the thermo-
dynamic properties of the mixture

On-line LiBr+H2O concentration is estimated by con-
sidering the correlation of the thermodynamic properties
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of temperature, pressure and concentration of the
LiBr+H2O mixture, which is a function of the temperature
(T) and of the pressure (P):

(1)sol ( , )X f T P

McNeely proposed an equation from the interrelation of
these three properties [Eq. (1)] based on experimental
information [3]. The author mentioned that the boiling
temperature of the LiBr–H2O solution (Tsol) is a function of
the saturation temperature of the refrigerant fluid (Tref)
and of the mass composition Xsol of the LiBr–H2O solution:

(2)
3 3

sol ref sol sol
0 0

i i
i i

i i
T T A X B X

 
  

where the saturation temperature of the refrigerant (Tref) is
a function of the saturation pressure (Psat).

Tref = Tref (Psat) (3)

where Ai and Bi are constants of the McNeely equation.
The domain of validity for the variables of Eq. (2) is the
following: !20EC <Tref <110EC; 5EC <Tsol <180EC; and
45% <Xsol <70% (% weight). The constants of the McNeely
equation for the calculation of the boiling temperature of
the the LiBr–H2O solution, Tsol, appear in Table 1.

2.3. Thermodynamic model for COP prediction

The following assumptions have been made for the
development of the thermodynamic model for an absorp-
tion heat transformer system (with reference to Fig. 1) [6]:

1. The entire system is in thermodynamic equilibrium.
2. The analysis is carried out under steady-state

conditions.
3. A rectifier is not required since the absorbent does

not evaporate under the operating temperature range of
the system.

4. The solution that leaves the generator and the
absorber is saturated; similarly, the working fluid leaving
the condenser and the evaporator is also saturated.

5. Heat losses and pressure drops in the tubing and
the components are considered negligible.

Table 1
Characteristic constant of the McNeely equation

i Ai Bi

0 !2.00755 1.24937E02
1 0.16976 !7.7165
2 !3.13336E-03 0.152286
3 1.97668E-05 !7.9509E-04

6. The flow through the valves is isenthalpic.
7. Outlet temperatures of the main components T5, T8,

T10 and T3, and heat load in the evaporator QEV and
generator QGE are known.

8. A heat supply is delivered by industrial waste heat.
From these assumptions it is possible to define the

enthalpy-based coefficient of performance (COP) by the
following equation [6]:

(4)AB

GE EV

Q
COP=

Q +Q

where QAB, QGE and QEV are the heat flow rate (kW) for
each one of the energy cycle components. These heats (Qs)
are calculated from m, Cp, and )T for QEV and QGE, and
Eq. (8) for QAB.

2.4. Numerical solution

The estimation of the LiBr+H2O concentration for the
generator outlet was carried out from the thermodynamic
properties of temperature and pressure. The pressure in
the generator and the vapor temperature of the working
fluid of the generator outlet represent the conditions of
equilibrium of the LiBr+H2O mixture.

(5) 6 5 8,X f T P

The LiBr–H2O composition in the generator inlet X4 can be
calculated by considering the optimization method (fzero

function of Matlab). Eq. (6) is solved in Matlab using a
combination of bisection, secant and inverse quadratic
interpolation methods to find the best values of X4, MGE

and MAB that must satisfy mass and energy balance.

(6) 5 6 4 0WF GE AB GEM H M H M H Q   
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where the mass flow rate value of the LiBr–H2O solution
in the generator inlet which comes from the absorber MAB

and the mass flow rate value in the generator outlet MGE

are obtained from the equations reported by Escobar [6]: 
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C Flow ratio:

(7)6

6 4
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where the mass flow rate of the working fluid flow is: 

(8)
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and

(9)GE AB WFM M M 

QAB is calculated based on MWF [9].

3. Results and discussion

Fig. 2 shows the graphic interface of the direct
measurement of temperature and pressure in the system.
This figure presents the inlet and outlet temperatures of

every component of the water purification process inte-
grated to an absorption heat transformer. These measured
values are satisfactory since every component is working
correctly, for example: the difference in the inlet and outlet
temperature of the absorber is approximately 15EC. It is
important to note that the pressures are only measure-
ments in the generator and the absorber, and both the
condenser and the evaporator pressures are considered
similar to the ones from generator and absorber,
respectively (see Fig. 2). An advantage of this graphic
interface is that it can be manipulated in general form (for
example, it is possible to stop the acquisition system to get
changes in the measurements, it is possible to modified
the graphic interface, it is possible to measure up to 66
variables, etc.). These values are applied in the thermo-
dynamic model to calculate the COP. The outlet tem-
perature of the auxiliary condenser (water purification
process) is re-injected to the generator for energy
recycling. 

Fig. 3 shows a graphic interface of the measured values
of temperatures and pressures, as well as the on-line
estimation of the LiBr+H2O concentration and of the COP
values. Fig. 3 displays how the COP values are modified

Fig. 2. Experimental data (temperatures and pressure) of the water purification process integrated to absorption heat
transformer obtained from the data acquisition system.
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Fig. 3. Experimental data of temperature and pressure, as well as the on-line estimation of the LiBr+H2O and of the COP values.

due to the changes of concentrations and pressures.
Consequently, concentration and pressure are indeed key
variables to calculate COP values. It is interesting to
remark that similar results were reported in the literature
considering the empirical model (neural network) [7,8].
Furthermore, we have to mention that Fig. 3 shows that
the increase of the concentration in the generator also
increases COP values. This is normal since the high
concentration in the absorber inlet and the contact with
the vapor result in a better absorption process. An
additional advantage of this graphic interface remains in
the fact that it can be manipulated in a general form (for
example, it is possible to stop the acquisition system to get
changes in the measurements, it is possible to modified
the graphic interface, it is possible to measure up to 66
variables, etc.). And this advantage is very relevant when
the inlet variables are modified during the process of
simulation of the COP. This graphic interface allows us to
observe the COP behavior for the system optimization. 

3.1. Experimental data validation of the developed algorithms

The mathematical model and the developed algo-
rithms for the LiBr-H2O composition estimation and COP

values were validated through five tests carried out on the
absorption heat transformer integrated to a water puri-
fication process reported by Bonilla-Peralta [10]. Table 2
shows that the values calculated for the LiBr–H2O compo-
sition estimation for the generator outlet (XGE) are similar
to the experimental test. The values calculated for XGE in
the five tests presented an absolute maximum error of 1%.
Table 3 shows that the LiBr–H2O composition values
calculated for the generator inlet which comes from the
absorber (XAB) are also similar to the experimental test.
The studied values of XAB for the five tests were obtained
with an absolute maximum error of 1%.

Table 4 shows the difference between the experimental
and simulated values of COP corresponding to the test.
These differences can be due to energy loss that is not
considered by the mathematical model [6] for the COP
estimation. Nevertheless, real losses of heat exist in the
absorption heat transformer. Moreover, the absorption
process inside the absorber is another important factor to
take into account, since the generated heat of the exo-
thermic reaction, product of the absorption (water steam
with the LiBr–H2O solution) determines the useful heat
flux of the absorber (heat retrieved and used for the
process of water purification). The thermodynamic model
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Table 2
Experimental and estimated values of XGE for the different tests of validation of the model and the developed algorithms

Experiments PGE

(mmHg)
TGE (outlet
condensator), ºC

XGE, experimental
(% mass)

XGE calculate
(% mass)

Absolute error
(%)

1 93.60 80.00 52.38 51.87 0.97
2 97.41 80.74 52.02 51.76 0.50
3 96.14 80.66 52.02 51.89 0.25
4 92.07 79.51 52.06 51.79 0.52
5 97.15 80.48 52.06 51.65 0.79

Table 3
Experimental and estimated values of XAB for the different tests
of validation of the model and the developed algorithms

Experiments XAB

experimental
(% mass)

XAB

calculate
(% mass)

Absolute
error (%)

1 51.56 51.19 0.72
2 51.39 51.23 0.31
3 51.39 51.18 0.41
4 50.89 51.32 0.84
5 50.89 51.12 0.45

Table 4
Experimental and simulated COP values for test validation of
the model

Experiments COP
experimental

COP
calculated

Absolute 
error (%)

1 0.2076 0.2679 29.05
2 0.2976 0.2352 20.95
3 0.2258 0.2453 8.65
4 0.3007 0.2497 16.95
5 0.2294 0.1863 18.74

that estimates the COP is only a theoretical approach from
four real temperatures (AB, GE, EV, CO), two pressures
(AB–EV and CO–GE) and two calculated concentrations
(XAB and XGE). Furthermore, the thermodynamic model is
obtained on base assumptions (heat losses and pressures
drops in the tubing and into the components are con-
sidered negligible). Consequently, the difference between
the experimental and simulated values demonstrates that
it is necessary to work in the thermodynamic model so as
to avoid to the assumptions (for example: to avoid heat
losses in the system or to try to reduce pressure drops in
the system and into the components to approach the
thermodynamic model assumptions as close as possible).

4. Conclusions

The acquisition system developed for the direct
measurement of temperature and pressure using the

MATLAB® software allows using the acquired infor-
mation, for example, to the LiBr+H2O concentrations
estimate and COP values. This algorithm was developed
with the Agilent BenchLink Data Logger software for the
acquisition of information in the WP–AHT.

As for the mathematical model and the developed
algorithms, it was possible to estimate the LiBr–H2O
composition and COP values because the time of calcu-
lation of the algorithm and the deployment of graphs on
screen (0.53 s) are minor to the time of measurement of the
variables (10 s). This on-line COP estimated can be used
for the automation of the process. It was proved that it is
feasible to obtain on-line the estimation for each time of
measurement of temperature and pressure in steady state
for the absorption heat transformer. The mathematical
model appropriately represents the experimental infor-
mation for the composition of the LiBr–H2O solution
during the operation of the absorption heat transformer in
steady state. The model performs the estimation of the
COP considering ideal conditions; therefore, values of
major magnitude are obtained for the experimental
values. In addition, the increase of the concentration in the
generator also increases the COP values which is normal,
since to major concentration in the inlet of the absorber
and the contact with the vapor, the absorption is better
carried out.

The system of information acquisition and the mathe-
matical model present themselves as possible alternatives
for the measurement of temperature and pressure during
the operation of the absorption heat transformer and in
the estimation of variables of interest that are not possible
to measure in direct form.

Acknowledgment

We thank the Consejo Nacional de Ciencia y
Tecnología (CONACyT project SEP-2004-C01-48024) and
PROMEP-UAEMOR-PTC-158 for the economic support
received for the development of this work.



V.M. Velazquez et al. / Desalination and Water Treatment 5 (2009) 12–1818

References

[1] F.A. Holland, S. Santoyo, C.L. Heard and E.R. Santoyo, Water
Purification Using Heat Pumps, 1st ed., E & FN Spon/Routledge,
London and New York, 1999.

[2] S. Santoyo-Gutiérrez, J. Siqueiros, C.L. Heard, E. Santoyo and F.A.
Holland, An experimental integrated absorption heat pump
effluent purification system. Part I: Operating on water/lithium
bromide solutions. Appl. Therm. Eng., 19 (1999) 461–475.

[3] J. Torres-Merino, Contacteurs gaz-liquide pour pompes à chaleur
à absorption multi-étagées. PhD. Thesis, Institut National
Polytechnique de Lorraine, France, 1997.

[4] S. Santoyo, J. Siqueiros, C.L. Heard, E. Santoyo and F.A. Holland,
An experimental integrated absorption heat pump effluent
purification system, Part II: Operating on water/carrol solutions,
Appl. Therm. Eng., 20 (2000) 269–284.

[5] W. Rivera, R. Best, J.N. Baker, W.H. Fletcher, C.L. Heard and F.A.
Holland, Mobile pilot plant for the production of environmentally
clean steam. Appl. Therm. Eng., 17 (1997) 317–326.

[6] R.F. Escobar, D. Juárez, J. Siqueiros, C. Irles and J.A. Hernández,
On-line COP estimation for waste energy recovery heat trans-
former by water purification process, Desalination, 222 (2008)
666–672.

[7] J.A. Hernández, D. Juárez-Romero, L.I. Morales and J. Siqueiros,
COP prediction for the integration of a water purification process
in a heat transformer: with and without energy recycling,
Desalination, 219 (2008) 66–80.

[8] A. Şencan, Ö. Kızılkan, N.Ç. Bezir and S.A. Kalogirou, Different
methods for modeling absorption heat transformer powered by
solar pond, Energy Conv. Manage., 48(3) (2007) 724–735.

[9] K.E. Herold, R. Radermacher and S.A. Klein, Absorption chillers
and heat pumps, CRC Press, Boca Raton, 1996.

[10] O. Bonilla-Peralta, Estudio experimental de un proceso LiBr+H2O
de una película en tubos verticales de un transformador térmico
acoplado a un sistema de purificación de agua, MS Thesis,
CIICAp-UAEM, México, 2007.


