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ABSTRACT

Absorption technology becomes an attractive option for cooling or heating when driven by solar thermal
energy, residual heat from different processes, or geothermal energy. Further development of this tech-
nology could help to cover current cooling or heating requirements and have a much lower impact on the
environment than mechanical compression cooling and heat pumps systems. Moreover, the rising cost of
electrical energy added to the issue of climate change are reasons to move towards the development of
environmental and sustainable energy technologies. The desorbers are key components of absorption heat
pump technologies. Studies in the open literature on desorbers show advances in new design concepts to
enhance heat and mass transfer with different working fluids. Therefore, the objective of this review is to
identify, summarise, and discuss the experimental studies that deal with the boiling process in desorbers
and boiling correlations specifically for use in absorption heat pump technologies. It includes a compre-
hensive scrutiny on the boiling phenomenon in pool desorbers, falling-film desorbers, and forced flow
desorbers for conventional and promising working fluids, and details the experimental techniques and
the latest advances in desorber design concepts. Finally, the review contains proposals for future studies
to be carried out so as to contribute to the further development of absorption heat pump technologies.

© 2021 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Absorption technology becomes an attractive option for cool-
ing or heating when driven by solar thermal energy [1-4], residual
heat from different processes [5-9], or geothermal energy [10]. The
further evolution of this technology would facilitate its diffusion
around the world, help to cover current cooling or heating require-
ments and have a much lower impact on the environment than
mechanical compression cooling and heat pumps systems. More-
over, the rising cost of electrical energy added to the issue of cli-
mate change are reasons to move towards the development of en-
vironmental and sustainable energy technologies.

The absorber and desorber are the key components of absorp-
tion heat pumps due to the simultaneous heat and mass transfer
processes involved in each one of them [11]. Therefore, the char-
acterization and further advances in the field of absorption and
desorption processes implies either the development of more com-
pact absorbers and desorbers or a reduction in the driving temper-
ature of the system for low temperature applications. It is impor-
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tant to stress that the mass transfer in the desorber must be in
harmony with the mass transfer in the absorber, therefore, char-
acterization of desorbers must be conducted considering the real
operational conditions of the absorption cooling/heating technol-
ogy under study.

The need of advancing on the development of absorbers has
fostered investigation dealing with the intensification of the ab-
sorption process employing passive techniques such as the use
of compact plate heat exchanger [12,13], inner advanced surface
tubes [14], and nanofluids [15,16]. A detailed review of experi-
mental studies on refrigerant absorption enhancement using pas-
sive techniques for absorption cooling/heating technologies can be
found in [17].

In the case of the desorbers, an increasing number of stud-
ies on the characterization of different desorber configurations can
be found in the literature. However, there is no evidence of a
review that shows advances in design or improved performance
techniques for desorbers specifically for absorption heat pumps.

Since the main energy input to the system is through the des-
orber, its characterization is required to quantify the boiling heat
transfer coefficient at different operation conditions for its dimen-
sioning and design. Experimental boiling heat transfer data col-
lected are then used for the development and validation of corre-
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lations. The correlations may be dimensional or dimensionless, as
well as empirical, semi-empirical, theoretical, or simplified. These
correlations are developed in such a way that they involve the ef-
fect of parameters selected as control variables in the boiling heat
transfer. Control parameters include system pressure, solution in-
let temperature, solution mass flow, solution concentration, heat
flux, inlet heating fluid temperature or heating surface tempera-
ture, thermo-physical properties, and geometrical aspect such as
the desorber type, flow configuration, and surface roughness. The
number of correlations proposed and available in the open liter-
ature to estimate the boiling heat transfer coefficient in different
devices has increased over the last years [18-21].

In the literature there are various studies dealing with the boil-
ing process and the proposals of correlations for pure fluids and
binary mixtures in pool and forced flow boiling. Those for binary
mixtures were obtained using different working fluids to those
used in absorption heat pumps. The most recognised correlations
for pure fluids in pool boiling and flow boiling can be found in
[22,23,32-36,24-31] and in [28,37-40], respectively. In the case
of binary mixtures, the most recognised correlations reported for
pool and flow boiling can be found in [41,42,51,52,43-50] and in
[40,43,53-55], respectively. Moreover, detailed reviews and analy-
sis of those correlations reported to predict pool and flow boiling
can be found in [18-21,56]. For instance, Kern et al. [19] reported
a review on the flow boiling correlations for NH3/H,0 and high-
lighted that both, convective and nucleate boiling were responsible
for the flow boiling process. In agreement with Thonon et al. [57],
Karn et al. [19] concluded that convective boiling suppresses the
effect of nucleate boiling when the mass flow is increased, whereas
the nucleate boiling contribution was found to be considerable at
low mass flows and high heat flux. Mohanty and Das [18] con-
cluded that the correlations available in the literature reproduce
the data reported by the same authors fairly well but when re-
producing the data of other researchers accuracy is poor. Mohanty
and Das [18] explained that bubble dynamic parameters were not
considered for the development of those correlations and it would
affect their accuracy when reproducing other data. Mohanty and
Das [18] and Xu et al. [21] agreed and stressed that much more
work had to be done to improve the correlations available for pool
and flow boiling of binary mixtures.

To understand and characterise the boiling process in absorp-
tion heat pumps, it is important to identify the mechanism respon-
sible for the boiling heat transfer under different circumstances.
This has been the focus of various studies in which the main
contributors to the boiling process have been identified. However,
the contribution of the mechanisms to the boiling process varies
depending on the desorber configuration, operating parameters,
thermo-physical properties, and others control variables as men-
tioned before.

This paper aims to evidence the progress in experimental in-
vestigations on the boiling process in desorbers, which use ad-
vanced designs to enhance heat and mass transfer in conventional
and promising working fluids with specific application in absorp-
tion heat pumps. Hence, this review identifies, summarises, and
discusses the experimental studies carried out on the characteri-
zation of desorbers and boiling correlations specifically intended
for absorption heat pump technologies. This paper includes a com-
prehensive scrutiny on the boiling phenomenon in pool desor-
bers, falling film desorbers, and forced flow desorbers for con-
ventional and promising working fluids. The paper deals in detail
with the experimental techniques, test conditions, and the latest
advances in desorber design concepts. The dominant mechanisms
for boiling enhancement from various studies are presented. Fi-
nally, the paper contains ideas for future studies to be carried out
for the further development of desorbers used in absorption heat
pumps.
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2. Thermal conditions and configurations of desorbers in AHP

Depending on the configuration and application, absorption
technology for cooling or heating can comprise single-effect ab-
sorption systems, multiple-effect or multi-stage absorption sys-
tems amongst other types [11]. The driving temperature needed to
power the desorber in these systems can vary depending on the
working fluid used and the cycle configuration. For example, the
driving temperature for a single-effect system can range between
80 °C and 120 °C, for a double-effect system between 130 °C and
160 °C, and for a triple-effect system between 180 °C and 230 °C.
Detailed information about the characteristics and driving temper-
atures of the different absorption heat pumps can be found in
[11,58,59].

The mixtures used as working fluids in absorption heat pumps
must also meet certain requirements. The mixture should possess
favourable transport properties, the refrigerant should have a high
heat of vaporization and be miscible within the absorbent for a
high range of concentration. Also, the saturation temperature dif-
ference between the pure refrigerant and the mixture at the same
pressure should be as large as possible. Furthermore, the mixture
should be non-toxic, non-explosive, environmentally-friendly, low-
cost, and chemically stable over a wide range of temperatures [60].

Desorbers employed in absorption heat pumps can be classi-
fied into two groups depending on the energy input mode and the
internal flow configuration. Depending on the energy input mode,
the desorbers can be direct-fired or indirect-fired. Direct-fired des-
orbers are those in which the energy reaches the desorber directly
and is a result of the combustion of a fossil fuel (for instance, nat-
ural gas). Indirect-fired desorbers however, use a thermal fluid to
transport the energy from the source to the desorber. The main
advantage of indirect-fired desorbers over direct-fired designs is,
therefore, that they can use solar energy or residual heat that
comes from internal combustion motors, gas turbines, boilers, or
any other process.

Regarding internal flow configurations, desorbers can be pool
desorbers, falling film desorbers, or forced flow desorbers [61]. De-
pending on the flow configuration, the boiling process that takes
place in the component varies.

The following is a concise description of each desorber and the
different flow configurations:

2.1. Pool desorbers

This type of desorber consists of a vessel with a heating sur-
face or a tube serpentine immersed in a large volume of a stag-
nant mixture. This type of configuration does not rely on flow hy-
drodynamics and the heat transfer coefficient is not controlled by
the amount of refrigerant vapour generated from the base mix-
ture [61]. Moreover, the boiling heat transfer coefficients in this
type of desorbers are rather small compared to those of falling
film and forced flow desorbers. This is because of the lower heat
transfer surface and low flow hydrodynamics. Also, the temper-
ature difference between the heating surface and the saturation
temperature of the less volatile component in the binary mixture
is lower. This is due to the higher heating surface temperatures re-
quired for these desorbers compared to those of others desorbers
working with high absorbent concentrations. Since the refrigerant
vapour generation depends on the heat flux provided by the heat-
ing medium, the boiling process in pool desorbers is mainly in-
fluenced by nucleate boiling. Furthermore, studies available in the
literature usually focus on the effect of the heat flux, the system
pressure, and the solution concentration in the boiling process.

The experimental studies found in the open literature dealing
with the performance of pool desorbers for absorption heat pumps
are reviewed in sub-Section 3.1.
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2.2. Falling-film desorbers

This type of desorber may appear both, horizontal or vertical
orientation. The latest advances have added plates with extended
surfaces to achieve more compact designs. In the case of the hor-
izontal configuration, the solution enters the desorber through a
distributor placed at the upper section and then flows in a thin
falling-film along horizontal heating tube surfaces. The heating
fluid flowing in the tubes provides the energy required to generate
refrigerant vapour from the solution that is flowing over the sur-
face of the tubes. Although this configuration usually offers high
boiling heat transfer coefficients, the key factors that affect the
boiling process are the diameter and wetting of the tube, and so
these are parameters that should be carefully addressed. In the
case of vertical orientation desorbers, there are designs where the
solution may flow as a falling-film over the inner surface, or the
outer surface of the inner tubes. Tube diameter and surface wet-
ting are also factors to be considered and optimised, since solu-
tion flow hydrodynamics affects the boiling heat transfer. There-
fore, given the effect of the solution flow on refrigerant boiling,
the temperature gradient between the refrigerant saturation tem-
perature and the heating fluid temperature may be inferior. This
means that both, convective boiling, and nucleate boiling may be
responsible for the boiling heat transfer coefficient depending on
the operating conditions as evidenced in sub-section 4.2. Studies
found in the open literature relate to the effect of the heat flux,
system pressure, solution flow, and solution concentration in the
boiling process. The experimental studies found in the open lit-
erature dealing with the performance of falling-film desorbers for
absorption heat pumps are reviewed in sub-Section 3.2.

2.3. Forced flow desorbers

This type of desorbers can also be manufactured with both, hor-
izontal and vertical tube orientation. Compact designs using plates
with extended surfaces or membranes are also included in this
section. In the case of vertical tube orientation, the solution enters
the desorber from the bottom of the unit and flows upwards ex-
changing heat with the heating fluid flowing in a counter-current
configuration. In the case of horizontal tube orientation, the solu-
tion enters the desorber from one side of the unit, while the heat-
ing fluid flows in a counter-current configuration. During the heat
exchange, part of the refrigerant in the solution boils on once it
reaches the saturation temperature required and leaves the desor-
ber. In forced flow desorbers, the cross-sectional flow areas and
flow hydrodynamics are key factors to be considered. Moreover,
this configuration also offers a small temperature gradient between
the refrigerant saturation temperature and the heating fluid tem-
perature and high boiling heat transfer coefficients. The literature
relevant, indicates that convective and nucleate boiling can coexist
during the boiling heat transfer process depending on the operat-
ing conditions as discussed in sub-Section 3.3. Investigations avail-
able in the literature on forced flow boiling processes deals with
the effect of the heat flux, system pressure, solution flow and con-
centration, heating fluid temperature, heating fluid flow and the
cross-sectional flow area in the boiling process. The experimental
studies found in the open literature dealing with the performance
of forced flow desorbers for absorption heat pumps are reviewed
in sub-Section 3.3.

3. Experimental investigations

In this section, the experimental investigations into desorbers
used in absorption heat pumps are identified and analysed. The
investigations included the correlations available in the literature
on desorption processes working with different fluids specifically
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obtained for absorption heat pumps. These investigations are clas-
sified and presented in the following three sections as determined
by the flow configuration of the process.

3.1. Pool boiling

The initial studies available in the literature were carried out
on desorbers with the pool boiling configuration, because of the
simple design involved. Charters et al. [62] reported the nucleate
boiling heat transfer of H,O/LiBr and pure water using a smooth
copper tube as a heating medium in a vertical evaporator. The au-
thors correlated and proposed dimensionless equations based on
the Nusselt number, the Prandtl number, and the Stanton num-
ber to estimate the H,O/LiBr film coefficient. Later on, Varma et al.
[63] evaluated the pool boiling of H,O/LiBr using three stainless
steel tubes of different diameters. The authors also quantified the
effect of system pressure, heat flux, and solution concentration. Re-
sults in Fig. 1a show that as the solution concentration increases
and the heat flux decreases, the boiling heat transfer coefficient
drops. The authors also noted that the solution concentration af-
fected boiling heat transfer more than heat flux and system pres-
sure did. Moreover, the effect of internal tube diameter on boiling
heat transfer was found to be negligible, (see Fig. 1b).

Inoue et al. [64] evaluated the nucleate boiling of NH3/H,0 us-
ing a horizontal wire as a heating medium. The authors show in
Fig. 2 that the pure fluids of the binary mixture present higher
heat transfer coefficients than those of the mixture, when the con-
centration is in a range between 0.3 and 0.7 when heat transfer
drops to a minimum. The authors also tested some correlations for
boiling heat transfer available in the literature and evidenced that
some of the correlations tested adequately estimated the boiling
heat transfer of pure ammonia and water but failed to reproduce
the boiling heat transfer of the NH3/H,0 mixture in a wide range
of concentrations.

Arima et al. [65] quantified the pool boiling heat transfer of
NH3/H,0 on a horizontal surface and used a block, located at the
bottom of the test vessel, as a heating medium. The experimen-
tal study pointed towards similar conclusions to those reported by
Inoue et al. [64] regarding the effect of solution concentration on
heat transfer. Moreover, the authors proposed a fitted correlation
to estimate the heat transfer coefficient, showing acceptable agree-
ment against experimental data mainly at mixture concentrations
below 0.9.

Taboas et al. [66] conducted a review on boiling heat trans-
fer correlations to test their accuracy to predict experimental data
available in the literature for nucleate boiling of a NH3/H,0 mix-
ture and its pure fluids. In this study, the data reported by Inoue
et al. [64] and Arima et al. [65] were used to test the selected cor-
relations. Results showed that the available correlations failed to
make a reasonable prediction of heat transfer coefficient over a
wide range of solution concentrations. Therefore, the authors de-
veloped a new NH3/H,0 boiling heat transfer correlation with an
accuracy of +40% of error. This correlation was based on the corre-
lations reported by Schlunder [41] and [42,57] with fitted param-
eters. Later on, Inoue and Monde [67] published two boiling heat
transfer correlations for NH3/H,0 based on the experiments pre-
viously obtained in [64] with an accuracy of +20% of error. The
correlations are valid for all the concentration range and for heat
fluxes below 1000 kW m~2,

Sathyabhama and Ashok Babu [68,69] presented an experimen-
tal and visual observation study on NHs/H,0O pool boiling heat
transfer in a stainless-steel vessel using two sight glasses. The so-
lution was heated by a rod heater placed vertically at the bottom
of the vessel. The authors tested the effect of the solution concen-
tration, pressure, and heat flux on the boiling heat transfer and
showed that heat transfer dropped drastically when the ammonia
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Fig. 1. Effect of (a) solution concentration and heat flux, and (b) tube diameter on the pool boiling heat transfer coefficient for H20/LiBr [63].

concentration was increased from O to 0.1, then it decreased
slightly. They also showed that the higher the heat flux and pres-
sure, the higher the heat transfer. Furthermore, the visual observa-
tion study revealed that, as observed by Inoue et al. [70], bubble
generation frequency rose on increasing heat flux and pressure. Fi-
nally, the authors improved the correlations reported by Calus and
Rice [71] and Stephan and Korner [72] using the data obtained in
this research together with those from Arima et al. [65] and Inoue
et al. [64]. The corresponding correlations achieved accuracies of
+18% and +16%, respectively.

In a related study carried out in the same test facility used in
previous studies, Sathyabhama and Ashok Babu [73] reported how
boiling heat transfer of NH3/H,0 was affected by adding mass frac-
tions of LiBr. Results showed that NH3/H,O boiling heat transfer
rises drastically when mass fractions of LiBr are increased from 0
to 0.5 at a pressure of 4 bar. However, this effect decreases as sys-
tem pressure increases. Visual observation experiments also evi-
denced that the addition of LiBr facilitated clusters of small-sized
bubbles and higher bubble flow frequencies.

Following up the results in [70], Inoue and Monde [74] evalu-
ated the effect of the surfactant Surflon S-451 on NH3/H,0 boil-
ing heat transfer in the same test facility previously used. The vi-
sual observation study showed similar bubble behaviour in terms
of bubble size and departure frequency when the surfactant was
added, similar to the studies by Inoue et al. [70]. The enhancement
rate achieved by adding 1000 ppm of surfactant to an ammonia
concentration of 0.1 was up to 0.36.

Following up their previous investigations, Sathyabhama and
Ashok Babu [75] evaluated NH3/H,O boiling heat transfer by
adding mass fractions of LiNOs. Results in Fig. 3 indicate that
NH;/H,0 boiling heat transfer increases up to 40 kW m~2 K-! on
increasing the mass fractions of LiNO3 from 0 to 0.5 mainly a low
NH3 mass fractions.

In one of the few studies carried out using nanofluids in desor-
bers, Jung et al. [76] evaluated the effect of adding AL,0O3 nanopar-
ticles to H,O/LiBr mixtures in pool boiling heat transfers. The test
section consisted of a vessel at vacuum conditions and heated by
a plate heater. Results showed that the boiling heat transfer co-
efficient decreased on increasing the AL,O3; concentration in the
base mixture. The authors also evidenced that the drop in the heat

transfer coefficient was more pronounced when the base mixture
concentration was increased. This negative effect was attributed
to nanoparticles being deposited on the plate heater which con-
sequently reduced boiling nucleation.

Han et al. [77] investigated the effect of using ultrasonic waves
on H,O/LiBr pool boiling process in a glass vessel. The authors con-
cluded that higher desorption rates could be obtained by using an
ultrasonic transducer rather than that of an electric heating rod
with the same power (see Fig. 4). Desorption rates of up to 5 g
m~2 s=! were obtained at the highest heating temperature set,
for a solution concentration of 53%, and using a 20 W ultrasonic
device. Solution concentrations higher or lower than 53% showed
lower desorption rates. The authors suggested that the improve-
ment obtained with the ultrasonic transducer waves could be due
to the combination of micro disturbances, acoustic streaming, and
cavitation effects.

To conclude this sub-section, it is worth note that most of the
studies in pool boiling found in the literature deal with the char-
acterization of pool boiling in basic configurations using conven-
tional working fluids, whereas fewer studies reported the use of
enhancement techniques. For instance, only one study reported the
effect of additives on pool boiling [78], one study was found using
nanofluids [76], and one applied ultrasonic waves [77].

Table 1 provides a compendium of the experimental stud-
ies carried out in pool boiling conditions using conventional and
promising working fluids for absorption heat pumps.

3.2. Falling film boiling

Investigations reported in the literature showed that there was
higher heat transfer performance in desorbers designed in falling-
film boiling mode than those in pool boiling mode, at low wall su-
perheating temperatures [79]. Falling-film desorbers arouse special
interest because they have the potential to improve flow hydrody-
namics when advanced surfaces and compact design concepts are
used.

Tuzla et al. [80] conducted visual observation experiments to
analyse the inception of bubble nucleation in falling-films with
H,0/glycerol mixtures. The desorber consisted of a vertical glass
tube with an internal stainless-steel tube as a heating medium.
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Shi et al. [81,82] carried out an experimental study on H,O/LiBr
boiling heat transfer in falling-film mode. The desorber consisted
of a vertical tube heated by an electrical resistance placed around
the tube. Results indicated that boiling heat transfer increased
when the heat flux was increased from 10 kW m~2 to 25 kW m~2
and the volumetric flow was increased from 9 ml s~! to 12.5 ml
s~1. Also, the heat transfer coefficient was found to decrease on in-
creasing the mass fraction of LiBr since this facilitated the boiling
of the most volatile component (see Fig. 6). In these experiments,
heat transfer ranged from around 0.75 kW m~2 K~! to 1.66 kW
m~2 K-1. The authors also compared heat transfer performance
using a falling-film vapour desorber and a submerged desorber.
The comparison showed a much higher heat transfer coefficient in
the case of the falling-film desorber.

0.5 1
Mass fraction C

Fig. 2. Mass fraction versus heat transfer coefficient for NH3/H,0 [64].

Later on, Determan and Garimella [83] reported the NH5/H,0
boiling process in a microchannel desorber. Fig. 7 shows that the
desorber consisted of microchannel tubes located in various square
arrays forming 5 passes of 16 tube rows (each row with 27 tubes).
In this test section, a glycol/water solution, used as a heating
medium, flowed upwards through the tube array with pressure
drops occurring between 11 kPa and 30 kPa, while an NH3/H,0
falling solution flowed downwards. In this study, the overall heat
transfer coefficient ranged from 388 W m~2 K-! to 617 W m—2
K-! when the NH3/H,0 mass flow was increased. In this design,
the wetted area occurring during desorption was subjected to eval-
uation and it was found to improve during the highest mass flows
tested and better-wetted area fractions were obtained between the
third pass and the fifth one.

Lazcano-Véliz [84] tested a horizontal bundle of tubes oper-
ating as a generator for a H,O/LiBr absorption heat transformer.
This study was focused on identifying the optimum mass flow
to obtain the best wetting area. As a result, the mass flow of
0.025 kg s=! m~! was identified as the optimum value. Keinath
et al. [85] and Delahanty et al. [86] evaluated the NH3/H,O desorp-
tion process in new concepts of compact plate desorber-rectifiers.
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Fig. 3. Boiling heat transfer coefficient vs heat flux and LiNO3 mass fraction [75].

Keinath et al. [85] tested a desorber-rectifier with the overall di-
mensions 287 mm x 171 mm x 83 mm (see Fig. 8). This study
presented how the solution flow rate and the heating fluid tem-
perature affected the desorption rate and heat duty. Results indi-
cated that the desorption rate increased up to 12.5 kg h~! when
the solution flow and heating temperature were increased. Also, as
the heating fluid temperature increased, the desorber and rectifier
heat duty rose to 7.5 kW and 2.47 kW, respectively. However, at
a heating fluid temperature of 190 °C, the desorber-rectifier duty
dropped as the desorption rate increased.

Olbricht et al. [87] studied the H,O/LiBr heat transfer in a
desorber with a horizontal bundle of 80 tubes. The authors re-
ported that the heat transfer improved as the solution flow rate
increased. As in absorbers, the wettability of the tubes was identi-
fied as the limiting factor with respect to achieving a higher heat
transfer coefficient. Mortazavi et al. [88] tested the H,O/LiBr des-
orption process in a compact plate-and-frame desorber operating
at conditions for absorption chillers driven by low temperature
heat. The desorber consisted of a plate with extended structures
made of copper sheets as shown in Fig. 9a. In this study, the au-
thors discussed the effects of wall superheating temperature, solu-
tion mass fraction, and solution mass flow on the desorption rate.
Also, the authors compared the desorption rates obtained in their
study with those reported in the literature involving other desor-
ber designs. As Nasr Isfahani et al. [89] pointed out, the authors

also distinguished two boiling modes, direct diffusion and nucleate
boiling. The authors concluded that direct diffusion takes place at
low wall superheat temperatures and at low solution flows. More-
over, the nucleate boiling is more evident at high super wall tem-
peratures when a sharper increase in boiling heat transfer occurs
as compared to that of direct diffusion (Fig. 9b). Finally, the au-
thors evidenced that the desorber design tested, provided desorp-
tion rates higher than those in the data reported by Kim and Kim
[79] at lower mass flows.

Lazcano-Véliz et al. [90,91] reported the wetting and heat trans-
fer performance of a concentric helical generator for an H,O/LiBr
absorption heat transformer. Their results showed that the heat
transfer coefficient increased up to 5541 W m~2 K~! on decreas-
ing film thickness. Moreover, film thickness decreased when mass
flow was decreased. The authors explained that the reason for this
behaviour was due to a more uniform film flow over the coil oc-
curring at low mass flows.

Hu et al. [92] presented LiBr/H,O boiling tests carried out on
a novel plate generator for absorption heat pumps, working in
falling-film mode. The test section consisted of a three-channel
plate generator with four stainless steel plates. In this generator,
which included 120° of arc horizontal columns welded to the cen-
tral channel, the solution flowed downwards in the central chan-
nel, while the heating water flowed upwards in the side channels.
Results in this study showed that wettability was gradually com-
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pleted as the solution mass flow and heating flow temperature in-
creased. Regarding the heat transfer coefficients, these ranged from
735 Wm 2 K to 856 Wm~2 K1,

Staedter and Garimella [93,94] presented a report on the per-
formance of a new design of an NH3/H,0 desorber-rectifier. As
shown in Fig. 10, the component was formed by plates with in-
ternal micro-channels and various trays, along which the solution
mixture flowed downwards and the ammonia vapour upwards. The
effect of solution pressure, solution flow, solution concentration,
and solution temperature on the desorption process was evalu-
ated. Results showed solution heat transfer coefficients as high as
3250 W m~2 K~! at an ammonia mass fraction of 43%, and mass
transfer coefficients as high as 0.0022 m s~!. According to the au-
thors, favourable hydrodynamics for heat and mass transfer are a
key aspect of the present design. In a similar study, Staedter and
Garimella [95] proposed a tube desorber driven by two passes of
flue gases for direct gas-coupling applications (see Fig. 11). Results
showed low gas side heat transfer coefficients which limit heat
transfer in the desorber. The liquid mass transfer coefficient was
up to 0.00085 m s~ 1.

In an absorption chiller test facility, Keinath et al. [96] tested
two plate desorber-rectifier designs fed by NH3/H,0. According
to the authors, the tests involved a vertical column configuration
and a branched tray configuration. However, no details were re-
ported regarding the operating test conditions of the study or the
size/heat transfer area of either component. Results indicated that
the branched tray design provided higher heat duties and refriger-
ant flows than the vertical column, with heat duty up to 3.6 kW
and refrigerant flow up to 0.00178 kg s~ 1.

Hernandez-Magallanes and Rivera [97] evaluated NH3/LiNO;
falling-film boiling on a helical coil generator installed in an ab-

sorption system test facility. In this generator, the heating water
flowed downwards inside the coil while the solution flowed in
falling-film mode over the coil. This study showed boiling heat
transfer coefficients reaching up to 270 W m~2 K-! and refriger-
ant vapour flow rates up to 0.11 kg s—! at the highest the heat flux
and solution mass flux fixed.

Delahanty et al. [98] continued the research from Keinath et al.
[96] on NH3/H;0 boiling but using two new desorber-rectifier de-
signs: a new vertical column and a new branched tray design as
shown in Fig. 12. This study also showed that the tray configura-
tion desorber-rectifier provided higher heat transfer characteristics
than that of the vertical column configuration. The desorber duty
and solution heat transfer coefficients reported for the tray design
reached up to 0.8 kW and 11,900 W m~2 K- at the highest so-
lution concentration and flow set, respectively. This study also in-
cluded a proposal for a new boiling heat transfer correlation.

Finally, Hu et al. [99] evaluated the performance of a LiBr/H,0
falling-film generator concept which uses water as a heating
medium in a counter-current flow. As shown in Fig. 13, the gener-
ator proposed is a detachable device, with two entwined modules.
The central channels can be separated by moving the two modules
upwards. This study demonstrated that the boiling heat transfer
and mass transfer coefficients increased up to 0.64 kW m~2 K-!
and 7.8 x 107> m s~ !, respectively, the heat flux was increased.
However, the effect of the solution mass flux on the boiling heat
transfer was not clear, which means that nucleate boiling was pre-
dominant.

To conclude this sub-section, it is important to note that tube
wetting should be carefully addressed when designing falling-film
desorbers. Equally important is that diffusion, convective, and nu-
cleate phenomena appear to be the main contributors to boiling
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Table 1
Compendium of the experimental studies on pool boiling desorbers for absorption heat pump systems.

Reference  Test section Working fluids Test condition ranges Note

[62] Vertical evaporator with an internal H,O/LiBr and pure H,0 For the H,O/LiBr solution: P Proposal of Correlation under nucleate
smooth cooper tube of 16 mm OD and (9.3-18.7 kPa), X (25-56.5%), Tw-Ts boiling conditions.

0.25 m in length. (8.8-18.8 °C), Q/A (3.24-32.57 kW
m~2), For the pure water: P
(9.3-101.4 kPa), Ty-Ts (3.8-12.6 °C),
Q/A (2.62-44.17 kW m~2)

[63] Vertical cylinder made of stainless H,O/LiBr P (4-9.33 kPa), X (0-60%), Q/A X affects H,O/LiBr boiling more than P
steel with an internal horizontal (15-108 kW m~2), tube diameter and Q/A.
stainless-steel tube of 0.24 m in (12.69 mm, 14.05 mm, and 16.03 mm
length. 0oD)

[64] Vessel with horizontal platinum wire NH3/H,0 P (400-700 kPa), X (0-100%), Q/A The boiling heat transfer of NH3/H,0
(0.3 mm in diameter, 37 mm in (400-1500 kW m~2) mixtures becomes drastically lower
length) located below the solution than that of both pure components.
level.

[65] Vessel (200 mm ID and 360 mm in NH;/H,0 P (200-1500 kPa), X (0-100%), Q/A It includes visual observation
height) with a heating block at the (500- 2000 kW m~2) experiments. Proposal of correlation
bottom. for heat transfer with an acceptable

agreement with respect to
experimental data at mass fractions
below 0.9.

[68,69] Stainless steel vessel of 80 mm in NH;/H,0 P (400-800 kPa), X (0-30%), Q/A It includes visual observation
diameter and 200 mm long with rod (360-1200 kW m~2) experiments. Heat transfer drops
heater. Heating length of 20 mm. drastically when ammonia fraction is

increased from 0 to 0.1, then it
decreases slightly. Proposal of
Correlation.

[73] Stainless steel vessel of 80 mm in NH3/(H,O0+LiBr) P (400-800 kPa), X (15-30%), Xyigr It includes visual observation
diameter and 200 mm long with rod (0-30%) Q/A (360-1200 kW m~2) experiments. NH3/H,O boiling heat
heater. heating length of 20 mm. transfer increases on increasing the

mass fractions of LiBr.

[74] Vessel with horizontal platinum wire NH3/H,0 with surfactant P (400 kPa), X (10-90%), Xs It includes visual observation
(0.3 mm in diameter, 37 mm in (0-3500 ppm), Q/A (10-1000 kW experiments. Enhancement rate
length) located below the solution m~2) improved up to 0.36 by adding
level. 1000 ppm of surfactant.

[75] Stainless steel vessel of 80 mm in NH3/(H,0+LiNO3) P (400-800 kPa), X (15-30%), Xiino3 NH3/H,0 boiling heat transfer
diameter and 200 mm long with rod (10-50%) Q/A (421-2321 kW m~2) increases on increasing mass fractions
heater. heating length of 20 mm. of LiNO3 mainly at low NH; mass

fractions.

[76] Vessel with a horizontal plate heater H,0/(LiBr+Al,03) P (4 kPa), X (3-10%), Tw-Ts (1-60 °C), The boiling heat transfer coefficient
of 2 kW Q/A (0-900 kW m~2), Al,05 decreases on increasing the AL;0s

(0.01-0.1%V) concentration in the base mixture at
the studied conditions.

[77] Vessel with ultrasonic transducer and  H,O/LiBr Tw (60-90 °C), X (50-58%), heating Higher desorption rates by using an

an electric heating rod

ultrasonic transducer rather than an
electric heating rod.

power (20-60 W)

P (inlet solution pressure), X (solution concentration), Xs (inlet surfactant concentration), xv (mean vapour quality), T; (inlet solution temperature), T,, (wall surface temper-
ature), Ts (saturation temperature of the fluid), Ty (inlet heating fluid temperature), i (solution mass flow), I (solution mass flow per unit of length), G (solution mass flow
per unit of area), Gy (heating fluid mass flow per unit of area), V (Solution volumetric flow), Vy (Heating fluid volumetric flow), Q (heat transfer rate), Q/A (heat transfer

rate per unit of area).

heat transfer, but that their predominance would depend on the
operating conditions.

It is also clear that most of the studies on falling-film boiling
process, found in the literature, involve proposed compact desor-
ber designs which characteristically use conventional working flu-
ids. Furthermore, no studies have been found regarding the use of
additives or nanofluids to enhance heat and mass transfer in this
type of desorber.

Table 2 provides a compendium of the experimental studies
carried out regarding falling-film boiling conditions where conven-
tional and promising working fluids are used for absorption heat
pumps.

3.3. Forced flow boiling

There have been more investigations regarding forced flow boil-
ing lately thanks to developments in membranes and compact
plate heat exchangers. These components use advanced surfaces
which allow for better flow hydrodynamics and an improved heat
transfer area.

Initial studies included that of Jurng and Woo Park [100] who
reported on a H,O/LiBr desorber heated by a gas burner. The main
results showed that the refrigerant desorbed, and the solution con-
centration difference increased linearly with the heat input at the
operating conditions set for the study. Rivera and Best [101] inves-
tigated the boiling process in a smooth vertical tube working with
NH3/H,0 and NH3/LiNO3 mixtures. In the latter case, the solution
flowed upwards through the smooth vertical tube and was heated
by a spiral electrical resistance located along the tube. This study
showed that the average heat transfer coefficient increased when
the solution concentration and the heat flux were increased, but
mainly at low mass flows. The authors also evidenced that heat
transfer values using a NH3/H,O mixture were around two and/or
three times higher than the values obtained using a NH3/LiNO3
mixture. From their experiments, the authors also reported cor-
relations the local heat transfer coefficients of the NH3/H,O and
NH;3/LiNO3 mixtures which registered mean deviations of 25% and
16%, respectively.

One of the first studies that reported on the use of membrane-
based desorbers is that of Riffat et al. [102]. In the study, the
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Fig. 5. Local heat transfer coefficient profiles with and without boiling for H,0/glycerol [80].

authors evaluated the desorption rate of H,O/Potassium formate
working in a membrane-based desorber-condenser. In the test sec-
tion, a polymer membrane and a tubular silicon membrane were
evaluated. In this component, the solution was previously heated,
so that the water diffused through to the other side of the mem-
brane where it encountered lower pressure and evaporated. The
study showed that the desorption rate increased when solution
pressure and concentration were reduced. Results also demon-
strated that desorption rates were higher with the tubular silicon
membrane than with the polymer membrane. Moreover, the au-
thors evidenced that desorption rate could be improved up to five
times that with H,O/Potassium formate by adding caesium formate
to the base mixture.

Khir et al. [103,104] reported on boiling heat transfer using
NH3/H,0 in a stainless steel vertical double pipe. The solution
flowed upwards through the inner tube and water, i.e., the heating
medium, flowed in a counter-current configuration in the outer an-
nulus. An analysis was carried out to see how boiling heat transfer
was affected by solution concentration, mass flow and heat flow.
Also, the authors tested the accuracy of any correlations available
in the literature to be able to replicate the experimental data. Re-
sults evidenced that for a NH3/H,0 mixture, working at the given
operating conditions, the effect of heat flow and mass flow was
greater than the effect of the solution concentration. The authors
concluded that the correlation reported by Mishra et al. [54] was
adequate enough to predict NH3/H,0 boiling heat transfer within
+12% of error at the conditions of the study.

Thorud et al. [105] tested H,O/LiBr desorption carried out in
a membrane-based desorber in order to evaluate desorption rate
at different solution concentrations, pressure differences across the
membrane, and wall superheating temperatures. Results showed
that an increase in wall superheating temperature and a pressure
difference in the membrane resulted in higher desorption rates.
The authors also evidenced that desorption rate increased when
the LiBr mass fraction was decreased.

Marcos et al. [106] presented a study of the boiling heat trans-
fer coefficient and pressure drop in a plate heat exchanger work-
ing as a desorber and integrated into an air-cooled double effect
H,O/LiBr absorption prototype. In this study, thermal oil acted as
the heating medium in the plate heat exchanger. The oil was pre-
viously heated by an electrical resistance and flowed upwards. The
solution mixture was configured to flow co-currently. To estimate
the boiling heat transfer coefficient, the authors defined two zones,
the first was for liquid/liquid heat transfer and the second was
for liquid/liquid-vapour heat transfer. The heat transfer for zone
one was determined using the correlations reported by Thonon
[107] and Hewitt and Shires [108]. For zone two, the heat trans-
fer was estimated by applying the heat transfer resistance equa-
tion to this part of the desorber. Results evidenced that boiling
heat transfer in zone two could reach a value four times higher
(around 5.2 kW.m~2 K~1) than that of zone one depending what
correlations were used for a single phase. Results also evidenced
that the quality of the refrigerant during the boiling process ranged
from 2% to 6% which meant that most of the boiling process was a
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Compendium of the experimental studies on falling film desorbers for absorption heat pumps.

Reference Test section Working fluids Test condition ranges Note

[80] Vertical glass tube with an internal H,0/Glycerol P (3.33-57.86 kPa), X (40-60%), I It includes visual observation
stainless-steel tube of 38 mm OD and (0.2-1.3 kg s~! m~1), Ty-Ts experiments. Boiling inception increases
2.9 m of heated length. (12-30 °C), Q/A (12.7-28 kW m~2) with decreasing system pressure, mass

flow, and glycerol concentration.

[81,82] Stainless steel vertical tube with H,O/LiBr P (97.25 kPa), X (49.5-58%), V Better heat transfer performance in a
25/21 mm OD/ID and 760 mm in (7-14 ml s-1), Q/A (5-25 kW m~2) falling film generator when compared to
length. that in a submerged generator. Proposal

of Correlation.

[83] Stainless steel microchannel heat NH3/H,0 P (664.7 kPa), Ty (99.4 °C), X Overall heat transfer coefficient improves
exchanger with 5 passes of 16 tube (15-30%), G (0.0188-0.0339 kg s~ 1), almost linearly on increasing the
rows (each one with 27 tubes) for a Gy (0.11-0.19 kg s 1), Q NH3/H,0 mass flow. The wetted area on
surface area of 1.5 m2. (5.4-17.5 kW) the tubes is an issue that needs to be

improved.

[84] Horizontal tube bundle of 16 copper H,O/LiBr T; (20 °C), X (55%), I" (0.006-0.034 kg It includes visual observation
tubes with 122 mm OD s1m1) experiments. An optimum mass flow of

0.025 kg s~ m~! was obtained for tube
wetting.

[85] Plate desorber-rectifier containing NH3/H,0 P (kPa), Ty (160-190 °C), Tw Desorption rate increased when the
microscale features (50-125 °C), m (28.2-42.2 kg h™1), my solution flow and heating temperature

(0.067-0.101 kg s~ 1) were increases.

[87] Horizontal tube bundle of 80 copper H,O/LiBr P (4.4-5.5 kPa), Ty (65-85 °C), X It includes visual oservation experiments.

tubes with 12 mm OD (52-60%), T" (0.004-0.026 kg s~' m~1) The solution mass flow improves the heat
transfer because tube wettability is
better.

[90,91] Concentric helical tube generator with H,O/LiBr T; (50 °C), X (55%), I (0.003-0.019 kg It includes visual observation
20.9 cm OD. 4.05 m and 6.56 m for s m1) experiments. The heat transfer coefficient
inner coil and outer coil length, increased when mass flow and wetting
respectively. efficiency were reduced. This brought

about a more uniform film flow.

[88] Compact plate-and-frame generator H,O/LiBr P (5-20 kPa), T; (70 °C), Tw-Ts Higher desorption rates than those
with structural copper fins. (5-20 °C) X (50-60%), G (0.3-10 kg achieved in previous studies.

min~! m~1)

[92] Three channel plate generator. It H,O/LiBr P (3.55-6.72 kPa), T; (52.9-71.8 °C), It includes visual observation
included 120° of arc horizontal Ty (58.2-83.8 °C), X (50.1-53.82%),m experiments. The wettability of the plates
columns welded to the central (0.026-0.028 kg s~ 1), riy improved with increasing the solution
channel (0.18-0.27 kg s-1), Q/A (7.72-39.1 kW flow and heating flow temperature.

m-2)

[93,94] Plate desorber-rectifier containing NH3/H,0 P (1300-2600 kPa), X (37-52%), m Solution heat transfer coefficients were

microchannels and trays (0.004-0.0115 kg s~ 1), ry (0.14 kg as high as 3250 W m~2 K-! and mass
s=1), Q/A (5.7-17.5 kW m~2) transfer coefficients as high as 0.0022 m
sl

[95] Tube desorber with various trays and NH3/H,0 P (1760 kPa), T; (96 °C), X (42-52%), Tube desorber driven by two passes of
driven by flue gases. m (0.006 kg s~ 1) flue gases. Gases heat transfer coefficient

up to 0.1 kW m~2 K-,

[96] Two plate desorber-rectifier. A vertical NH5/H,0 m (0.0041-0.0067 kg s~ ') The branched tray concept provided a
column configuration and a branched higher desorber heat load and refrigerant
tray configuration flow rate than the vertical column.

[97] Shell with an internal helical coil. NH3/LiNO3 P (1200-1700 kPa), T; (40-63 C), Ty Falling film boiling heat transfer
Effective area of 0.79 mZ2. Shell made (80-105 °C), X (51.9-55.3%),m coefficients up to 270 W m~2 K-! and
of steel. Nominal diameter of 254 mm (0.78-1.25 kg min~1), my (14-21.5 kg refrigerant vapour flow rates up to
and total height of 625.5 mm. min—1), Q/A (1.2-4.5 kW m~2) 0.11 kg s~ 1.

[99] Detachable falling film desorber with H,O/LiBr P (2.4-5.1 kPa), Ty (51.5-83.9 °C), X Boiling heat transfer and mass transfer
two entwined modules and a heat (46.8-54.9%), T" (0.027-0.055 kg s~! coefficients up to 0.64 kW m~2 K- and
transfer area of 1.94 m? m-1), Vy (0.029-0.084 m3 h-1), /A 7.8 x 1075 m s~ !, respectively.

(3.95-10.68 kW m~2)
[98] Two plate desorber-rectifier. A vertical NH3/H,0 P (1620-2840 kPa), Ty (170-190 °C), Desorber duty and solution heat transfer

column configuration and a branched
tray configuration

X (40-55%),m (0.7-13 g s~1), Q/A
(kW m~2)

coefficients for the tray design were up
to 0.8 kW and 11,900 W m—2 K-'.

P (inlet solution pressure), X (solution concentration), Xs (inlet surfactant concentration), xv (mean vapour quality), T; (inlet solution temperature), T,, (wall surface temper-
ature), Ts (saturation temperature of the fluid), Ty (inlet heating fluid temperature), rm (solution mass flow), I (solution mass flow per unit of length), G (solution mass flow
per unit of area), Gy (heating fluid mass flow per unit of area), V (Solution volumetric flow), Vy (Heating fluid volumetric flow), Q (heat transfer rate), Q/A (heat transfer
rate per unit of area).

liquid/liquid heat exchange with a sensible heat rate varying from
10.1% to 52.6%. Regarding the total pressure drop, values ranged
from 23 to 30 kPa and in zone one the pressure variation was neg-

ligible.

Wang et al. [109] tested the performance of a polyvinylidene
fluoride (PVDF) membrane-based generator on LiBr/H,O absorp-
tion refrigeration systems. The section tested consisted of a bun-
dle of microporous hydrophobic membrane devices contained in a
shell. This study showed that the desorption rate increased when
the inlet solution temperature and the solution mass flux were in-

creased. It was also observed that the desorption rate increased
when solution pressure was reduced. The maximum desorption
mass flux rate was around 2.2 kg m=2 hr-1,

Taboas et al. [110] conducted a detailed study of NH3/H,0 mix-

1

ture boiling in a plate heat exchanger with three channels. In the
desorber, the NH3/H,0 mixture flowed upwards through the cen-
tral channel while the heating water flowed downwards through
the side channels. This study showed that NH3/H,0 mixture boil-
ing transfers improved when the solution mass flux and the heat
flux were increased, reaching values as high as 20 kW m~=2 K-1. In
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this case, the heat flux had a lesser impact on heat transfer than
that of the mass flux. In the case of solution concentration and
pressure, boiling heat transfer, at the studied conditions, was not
noticeably affected. Furthermore, it was observed that heat transfer
increased sharply when the solution approached saturation condi-
tions, then it stayed steady until a mean vapour quality of 0.1 was
reached. There the heat transfer increased again from this point
on with mass fluxes above 100 kg m~2 s~!. Pressure drop rose to
77 kPa when mass flux and mean vapour quality were increased,
and system pressure was decreased.

Zacarias et al. [111] showed the boiling of a NH3/LiNO; mixture
in a 20 plate heat exchanger operating at the conditions of an ab-
sorption chiller. In the test section, the NH3/LiNO3 mixture flowed
upwards while the heating water flowed downwards. The authors
reported in Fig. 14 that the NH3/LiNO3 mixture boiling transfer in-
creased up to values of 1.1 kW m~2 K~! when solution mass flux
and predominantly heat flux were increased. They also proposed a
correlation for NH3/LiNO3 boiling heat transfer with an accuracy of
within +9% of error.

12

Balamurugan and Mani [112] evaluated a desorption process us-
ing R134a-Dimethyl formamide (DMF) as a working fluid in an ab-
sorption refrigeration test facility. The section tested in this study
consisted of a double pipe heat exchanger where the solution
flowed upwards, while the heating water flowed in a counter cur-
rent. The authors found evidence that both the Sherwood and Nus-
selt numbers increased when the driving temperature, the R134a
concentration, and the solution mass flow increased, and dropped
when driving pressure was increased. Finally, the authors proposed
dimensionless correlations for the Sherwood and Nusselt numbers
with accuracies of within 15% and 25%, respectively. Further stud-
ies, this time on a plate heat exchanger, yielded similar observa-
tions to those made in the case of the double pipe heat exchanger
[113]. In this study, they also reported correlations for the Sher-
wood and Nusselt numbers for the plate desorber. A comparison
between the two heat exchangers with similar heat exchange areas
showed that the compact heat exchanger outperformed the double
pipe heat exchanger [114].
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Venegas et al. [115] evaluated boiling heat transfer of a
NH3/LiNO3 mixture in sub-cooled and saturated conditions in the
same test facility used by Zacarias et al. [111]. This study pointed
out that subcooled boiling reduced boiling heat transfer coeffi-
cients in line with those where subcooling was not contemplated.
The authors also reported a boiling heat transfer correlation with
an error of within 10%.

In a comparative study, Taboas et al. [116] used the data re-
ported in [110] and evaluated the prediction for NH3/H,O mixture
boiling heat transfer in plate heat exchangers from the correla-

tions reported by Han et al. [117] and Donowski et al. [118]. Since
those correlations tested failed to provide an acceptable prediction
of boiling heat transfer data, the authors proposed a new correla-
tion with an error of within 20%.

Following up on previous studies on membrane-based desor-
bers, Nasr Isfahani et al. [89,119] evaluated the use of membranes
as absorbers and desorbers in an H,O/LiBr mixture absorption sys-
tem test facility. In the case of the desorber, Fig. 15 shows the
design used for these experiments. The membrane was 0.45 nm
pore size whereas the desorber used a thin film as a heating
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medium. In the study, the authors noted two boiling modes, i.e.,
direct diffusion, and nucleate boiling. During direct diffusion of wa-
ter vapour, vapour pressure influenced desorption rate more than
solution pressure did at the lowest wall temperature established,
whereas solution pressure influenced desorption rate more signif-
icantly at the highest wall temperature. Also, higher desorption
rates were obtained at low vapour and solution pressures due to
lower saturation temperatures. Moreover, in the nucleate desorp-
tion mode, desorption rate increased when solution pressure was
increased. As regards solution mass flow, its effect on the desorp-
tion rate was negligible. The authors concluded that the desorp-
tion rates obtained in their experiments were higher than those
reported by Kim and Kim [79] and Thorud et al. [105]. In a study
from the same research group, Bigham et al. [120] reported on
the effect of a wall temperature on the desorption rate in a mem-
brane desorber at different vapour and solution pressures. In this
study, the authors indicated two desorption modes, a single-phase
desorption mode and a two-phase mode. Results showed that by
increasing the wall temperature, the desorption rate moved from
single-phase to two-phase desorption, which is where desorption
increases sharply, and nucleate boiling predominates. Moreover,
the authors presented a numerical model of H,O/LiBr mixture des-
orption using an in-house CFD solver, based on the Lattice Boltz-
mann Method (LBM). The objective of this study was to enhance
desorption rates by inducing surface vortices by way of micro-
ridges on the solution channels. Results showed that the use of
micro-ridges increased desorption rate up to 1.7 times more than
that of the base case.

Fig. 12. Vertical column (left) and branched tray (right) test sections [98].
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Fig. 13. Falling film generator proposed by [99].
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Comparison between the boiling heat transfer of NH3/LiNO;
and NH3/(LiNO3+H,0) in a plate heat exchanger has also been
reported [121-123]. These studies showed evidence that the boil-
ing heat transfer for both mixtures increased when solution mass
flux and heat flux were increased. However, the effect of the heat
flux on the boiling heat transfer was less pronounced at low mass
fluxes and with the highest vapour quality established. This means
that both convective (low heat fluxes and high solution mass flow)
and nucleate boiling (high heat fluxes and low solution mass flow)
occurred in these experiments. Results also showed that boiling
heat transfer for the ternary mixture was higher than that of the
binary mixture because of its lower viscosity and higher ther-
mal conductivity. Taboas et al. [122] also presented the pressure
drop in the plate heat exchanger for both mixtures. Those results
evidenced a lower pressure drop for the ternary mixture com-
pared to that of the binary mixture. Finally, Taboas et al. [122] ev-
idenced that the correlations proposed in [116] adequately re-
produce the experimental data for both mixtures within errors
of 20%.
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Jiang et al. [124] presented the flow boiling of a NH3/LiNO3
mixture in a horizontal double pipe desorber which used water as
a heating medium. This study evidenced the effect of mass flux,
heat flux, and vapour quality on a boiling heat transfer. Results
in Fig. 16 evidenced that effect of solution mass flux on the boil-
ing heat transfer coefficient was more evident at heat fluxes be-
low 20 kW m~2 than at those above 20 kW m~2. Moreover, the
boiling heat transfer coefficients increased when heat flux was in-
creased up to 1950 W m~2 K-, This indicates that the nucleate
boiling mechanism seems to influence these experiments. It was
also observed that higher exit vapour quality values are obtained
at heat fluxes below 20 kW m~2 while they decrease when solu-
tion mass flux increases. Finally, the authors pointed out that the
experimental data had been appropriately predicted by the corre-
lation in [28].

Further studies carried out in the same test facility showed the
effect of inner tube diameter on boiling heat transfer [125]. The
authors showed that the boiling heat transfer coefficient decreased
when the inner tube diameter was reduced from 6 mm to 4 mm
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Fig. 17. Flow boiling heat transfer versus heat flux, mass flow rates, and three inner tube diameters [125].

for all test conditions. Moreover, comparison with previous results
using a tube with an inner diameter of 8 mm evidenced that the
boiling heat transfer in a 8 mm ID tube was higher than that of
other tubes of smaller diameters when solution mass flux was be-
low 155 kg m=2 s=! and for all the range of heat fluxes [124].
As shown in Fig. 17, for higher mass fluxes, boiling heat transfer
in an 8 mm ID tube dropped below the values in data reported
for other tubes. The authors proved that at a solution mass flux
below 155 kg m~2 s—1, the contact area between the liquid and
the tube wall decreases when the tube diameter is decreased. This
could result in a reduction in convective heat transfer and mass
diffusion. Moreover, mass diffusing resistance in smaller tubes de-
creases when solution mass flux is increased to above 155 kg m—2
s~ 1. Results indicated that the selection of an optimum tube diam-
eter is a key parameter in the design of desorbers. To conclude this
study, the authors reported a boiling heat transfer correlation that
predicts the experimental data to within errors of 20%.
Ibarra-Bahena et al. [126] tested a membrane-based desor-
ber/condenser for LiBr/H,O absorption systems. The section tested
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consisted mainly of two walls, a hydrophobic membrane, and
a cooling plate. In this desorber/condenser, the solution flowed
upwards through the desorber/condenser while the refrigerant
vapour passed through the membrane. The vapour coming through
the membrane was condensed on coming into contact with the
cooling plate (see Fig. 18). This study showed that the desorption
rate increased when solution temperature and solution flow were
increased. It was also observed that the effect of solution mass
flow was more pronounced when solution temperature was in-
creased and solution concentration was reduced. Maximum des-
orption rate reached 9.8 kg m~2 h~!'. Meanwhile, Hong et al.
[127] evaluated the performance of a hydrophobic polypropylene
membrane-based generator with a LiBr/H,O mixture (see Fig. 19)
in the same test facility used in [109]. In addition to the previ-
ous outputs reported in [109], it was observed that desorption rate
increased when the inlet solution concentration was reduced. The
maximum desorption mass flux rate was around 4.9 kg m=2 hr-1.

Cai et al. [128] reported a NH3/NaSCN mixture boiling heat
transfer in the same test section used in [125]. This study showed
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that the boiling heat transfer coefficient for the NH3/NaSCN mix-
ture was higher than that of the NH3/LiNO3 mixture at similar
test conditions. This was due to the lower viscosity and the higher
thermal conductivity of the working fluid (see Fig. 20).

Venegas et al. [129] used a membrane-based desorber with a
0.45 pm pore diameter to study a LiBr/H,O mixture desorption
process (see Fig. 21). They reported on the effect of solution flow

Warm strong
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Water
vapor

Hollow fiber membranes

Hot weak
LiBr solution
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and heating water temperature on desorption rates. Desorption
rates of up to 4.2 kg m~2 s~! were included in the report with
the highest solution flows and heating water temperatures estab-
lished.

Ibarra-Bahena et al. [130] tested a membrane desorber in a
LiBr/H,O mixture absorption cooling system by varying the inlet
solution temperature. In this case, the desorber used a hydropho-
bic membrane with a 0.22 ym pore diameter. The desorption rates
reported in this study were up to 5.7 kg m~2 h~! at an inlet solu-
tion temperature of 95.2 °C.

Li et al. [131] and Zhou et al. [132] continued the research con-
ducted by Jiang et al. [125] and Cai et al. [128] on a horizon-
tal double pipe desorber, but this time the working fluids were
R290/mineral-oil and R290/POE-oil. Zhou et al. [132] showed that
both convective and nucleate boiling were responsible for the flow
boiling heat transfer at the different operating conditions set as
the transfer increased when solution mass flux and heat flux were
increased. As in previous experiments with other fluids, smaller
tube diameters also improved boiling heat transfer. Moreover, boil-
ing heat transfer reached 800 W m~2 K-! and was obtained at
the highest heat flux and mass flux set for the experiments. In
the case of the results reported by Li et al. [131], neither nucleate
boiling nor convective boiling were found to be dominant in the
R290/mineral-oil mixture boiling heat transfer. It is important to
highlight that the results reported in these studies are significantly
lower than those obtained from the NH;3/LiNO3; and NH3/NaSCN
mixtures in the same test section [125,128].

To conclude this sub-section, it is worth mentioning that most
of the studies on forced flow boiling, found in the literature, deal
with the characterization of the boiling process in different des-
orber configurations with a special interest in compact designs
such as membrane and plate desorbers. Moreover, various studies
have identified and discussed the contribution of diffusion, con-
vective, and nucleate boiling to boiling processes. No studies have

Cross sectional view of bonded
section (A—A’)

Fig. 19. membrane-based desorber [127].
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Fig. 21. membrane-based desorber [129].

been found using additives or nanofluids to enhance heat and mass
transfer processes in desorbers. As concluded by Cheng et al. [133],
boiling studies involving surfactants or nanoparticles to enhance
boiling processes in desorbers are still at an early stage of devel-
opment.

The present review also shows that the number of studies, re-
ported in the literature, on boiling processes in desorbers for ab-
sorption heat pump technologies is significantly lower than the
number of studies dealing with the characterization of the absorp-
tion process and its enhancement [17]. This evidences the potential
for research into boiling characterization features and intensifica-
tion by means of additives and nanofluids to develop more com-
pact absorption systems. Table 3 provides a compendium of the
experimental studies on flow boiling conditions using conventional
and promising working fluids for absorption heat pumps.

3.4. Heat and mass transfer correlations

This section is devoted to the review of heat and mass transfer
correlations, reported from studies carried out on the boiling pro-
cess, using working fluids specifically for absorption heat pumps.

Various correlations have been reported to predict the boil-
ing of pure fluids and mixtures. In the case of pure fluids such

18
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as ammonia or water, correlations available in the literature have
been found to predict pool boiling heat transfer reasonably well
[19,66]. For binary mixtures like those used in absorption heat
pumps, the general correlations reported can be found in [41-
43,45,71,72,134,135], However, these correlations require adjust-
ments to be made to the parameters before other researchers
can use them to predict boiling heat transfer for absorption heat
pumps satisfactorily, using other working fluids, in different con-
figurations, and at other operating conditions.

More specific correlations for heat and mass transfer in absorp-
tion heat pumps are also available in the literature and have been
obtained from tests on desorbers using proper working fluids. In-
vestigations dealing with the development of those correlations are
summarised in Table 4. The table includes the reference to the cor-
relations, correlated parameter, working fluids used, desorber type,
and the corresponding accuracies.

Table 4 shows that the first correlations were obtained mainly
from tests on pool desorbers, then the focus moved to the develop-
ment of correlations for forced flow and falling-film desorber con-
figurations. It is worth note that most of the correlations were ob-
tained using NH3/H,O mixtures, followed by NH3/LiNO3 mixtures,
and only a couple of correlations were reported using H,O/LiBr or
R134A-DMF mixtures.

Regarding the correlations reported for pool boiling, Charters
et al. [62] based their correlation on the Nusselt number and the
Stanton number. From the correlations reported by Inoue et al.
[135] and Stephan and Korner [72], Arima et al. [65] based their
correlation on the ideal heat transfer coefficient together with a
correction factor which contemplated the temperature difference
between dew and boiling point, and the mole fraction of liquid
and vapour. Taboas et al. [66] combined the correlations reported
by Schlunder [41] and Thome and Shakir [42] to propose a fit-
ted correlation to predict pool boiling at low and high ammonia
concentrations. Meanwhile, Inoue and Monde [67] observed that
nucleate boiling occurring with a NH3/H,0 mixture was mainly
controlled by the mole fraction of liquid and vapour and conse-
quently updated the correlation reported previously in [135]. Sim-
ilarly, Sathyabhama and Ashok Babu [69] proposed a adapted cor-
relation based on those correlations reported by Calus and Rice
[71] and Stephan and Korner [72].

As regards the correlations reported for falling-film desorbers,
Shi et al. [81,82] based their correlation on solution concentration,
heat flux, and the Reynold number, including fitting regression pa-
rameters. Staedter and Garimella [94] considered the ideal pool
boiling correlations as those used by Thome and Shakir [42] and
Fujita and Tsutsui [134]| and added a fitted correction parame-
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Table 3
Compendium of the experimental studies on forced flow boiling desorbers for absorption heat pumps.

Reference Test section Working fluids Test condition ranges Note

[100] Vertical cylinder heated by a gas burner ~ H,O/LiBr X (56%), Q (11.7-21.2 kw) Refrigerant desorbed increased linearly

with heat input.

[101] Vertical stainless-steel tube of 31.8 mm NH3/H,0 and P (870-1480 kPa), X (39-48%), G Proposal of Correlations. Heat transfer
0D and wall thickness of 3.0 mm. NH3/LiNO3 (4.2-13.7 kg m~2 s=1), Q/A with NH3/H,0 higher than that with

(11.2-18.1 kW m~2) NH;/LiNO;.

[102] Membrane-based desorber/condenser H,0/(Potassium P (2.2-4.2 kPa), T; (70 °C), X (55-78%),), Desorption rate increases when solution
formate-+caesium Xcaesium (25%), V (0.1-3.5 L min~') pressure and concentration are reduced.
formate) Desorption rate significantly improves

by adding caesium formate to the base
mixture.

[103,104] Stainless steel vertical double pipe. NH3/H,0 P (150-2000 kPa), T; (40 °C), Ts Effect of Q/A and G on NH3/H,0 boiling
Internal tube of 6/9 mm ID/OD. (70-90 °C), X (42-61%),G (707-2688 kg found to be greater than that of the X.
External tube of 28/32 mm ID/OD. m-2 s-1), Q/A (8.211-18.521 kW m~2)

Water heated length of 1 m.

[105] Membrane-based desorber of 2.9 cm H,O/LiBr P (33.5 kPa), X (32-50%), m (0.0032 kg Desorption rate improves as the wall
wide and 5.8 cm long h-1) superheating increases and as the LiBr

mass fraction decreases.

[106] Plate heat exchanger with a heat H,O/LiBr P (130 kPa), Ts (128.5-141.5 °C), Ty Tests in an actual absorption machine.
transfer area of 0.53 m2. Thermal oil (187.2-196.5 °C), X (56%), G Prototype. Refrigerant vapour quality
used as a heating medium. (40.3-112 kg m=2 s='), Gy (360 kg m~2 during boiling between 2% and 6%.

s71), Q (23.4-26.5 kW) Boiling heat transfer up to 5.2 kW m~2
K-1.

[109] Bundle of PVDF microporous H,O/LiBr P (5-15 kPa), T; (65-88 °C), X (50%), G Desorption mass flux rate up to 2.2 kg
hydrophobic membrane devices with (40-120 kg m=2 s 1) m~2 hr-1.
porosity of 85% in a shell

[110] Stainless steel plate heat exchanger NH5/H,0 P (700-1500 kPa), X (42-62%),vx Effect of G and vapour quality on the
with a heat transfer area of 0.1 m2. (0-20%), G (50-140 kg m~2 s~ 1), Q/A boiling heat transfer found greater than
Water used as a heating medium. (20-50 kW m~2) that of and Q/A. Effect of X and P on

boiling found to be slight.

[111] Stainless steel plate heat exchanger NH3/LiNO3 P (977.7-1606 kPa), Ts (72.8-90.1 °C), X Boiling heat transfer increased by
with a heat transfer area of 1.8 m2. (45.2-46.2%), Ty-Ts (1.3-2.8 °C), G increasing G and Q/A, Proposal of
Water used as a heating medium. (10.0-20.2 kg m~2 s='), Gy Correlation.

(44.8-46.8 kg m~2 s~1), /A
(1203-4618 kW m~2)

[112] Stainless steel double pipe. Inside tube R134a/DMF P (650-1000 kPa), Ts (78-90 °C), Ty Proposal of correlations.
with 20/23 mm ID/OD, outside tube (82-98 °C), X (58-76%), V (0.02-0.05
with 30/33 mm ID/OD. Tube length of m3 hr-'), Vy (0.08-0.33 m> hr 1)

1000 mm. Water used as a heating
medium.

[113] Stainless steel plate heat exchanger R134a/DMF P (620-920 kPa), Ts (80-95 °C), X Proposal of correlations.
with a heat exchange area of 0.16 m?. (59-75%), V (0.02-0.05 m* hr~'), Vy
Water used as a heating medium. (0.12-0.32 m3 hr1)

[115] Stainless steel plate heat exchanger NH3/LiNO3 P (980-1610 kPa), Ts (72.8-90.1 °C), X Subcooled boiling reduced the boiling
with a heat exchange area of 1.8 m2. (45.2-46.2%), G (9.9-19.8 kg m~2 s~ 1), heat transfer coefficients. Proposal of
Water used as a heating medium. Gy (44.1-46.1 kg m=2 s~ ') correlations.

[89,119] Membrane-based desorber with an H,O/LiBr P (13-30 kPa, T; (50-70 °C), Ty Vapour pressure was predominant on
overall size of 16.8 x 16.5 cm? and a (50-125 °C), X (50%), m (0.75-3.25 kg direct diffusion whereas the solution
5.7 x 8.9 cm? area. Membrane of 0.45 h-1) pressure was predominant on boiling
pm desorption.

[122] Stainless steel plate heat exchanger NH3/LiNO3 and P (1200-1500 kPa), X (49-54%), Boiling heat transfer for the ternary
with a heat transfer area of 0.1 m2. NH3/(LiNO3+H;0) Xternary (42-46%), Xu20 (20%), vx mixture was higher than that of the
Water used as a heating medium. (0-16%), G (50-100 kg m~2 s=1), Q/A binary mixture.

(20-50 kW m~2)

[124] Stainless smooth horizontal double pipe =~ NH;3/LiNOs P (992.3-1531.9 kPa), Ts (76.7-93.2 °C), The effect of the heat flux on boiling
with the inner tube of 8/10 mm ID/OD, X (45.5%), G (110-304 kg m~2 s~ 1), Vy heat transfer was more dominant than
the outer tube of 14/16 ID/OD, and (0.054-0.253 m3 h-1), Q/A that of the mass flux.
length of 1.1 m (7.8-34.5 kW m~2)

[125] Stainless smooth horizontal double pipe =~ NH3/LiNO3 P (1030.2-1457.6 kPa), Ts (78-90 °C), X Smaller inner tubes increase boiling
with the outer tube of 15/16 ID/OD, (45.5%), G (110-304 kg m~2 s~ 1), Vy heat transfer at high mass fluxes.
length of 1.1 m, and various inner tube (0.054-0.253 m3 h-1), Q/A Boiling heat transfer up to 2650 W m~2
diameters (7.72-39.1 kW m~2), Inner tube inner K-1.

diameter (4, 6 mm)

[126] Hydrophobic membrane-based H,O/LiBr T; (74.4-95.9 °C), X (45.68-58.66%), m Desorption rate up to 9.8 kg m~2 h-1.
desorber/condenser with 0.45 pm pore (0.0154-0.0245 kg s~ 1)
size

[127] Bundle of polypropylene microporous H,O/LiBr P (2.5-5.5 kPa), T; (65-83 °C), X Desorption mass flux rate up to 4.9 kg
hydrophobic membrane devices with (51-58%), G (157-244 kg m~2 s~ 1) m-2 hr1,
porosity of 50% in a shell

[128] Stainless smooth horizontal double pipe ~ NH3/NaSCN P (1108-1497 kPa), Ts (78-91 °C), X Boiling heat transfer coefficients for the

with the outer tube of 15/16 ID/OD,
length of 1.1 m, and various inner tube
diameters

(42.9-44.5%), G (110-304 kg m~2 s~ 1),
Vg (0.054-0.253 m3 h-1), Q/A
(10.27-42.9 kW m~2), Inner tube inner
diameter (4, 6,8 mm)
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NH3/NaSCN mixture higher than those
of the NH3/LiNOs.

(continued on next page)
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Reference Test section Working fluids Test condition ranges Note
[131] Stainless smooth horizontal double pipe =~ R290/mineral oil P (920-1120 kPa), Ts (59-71 °C), X Neither the nucleate boiling mechanism
with a length of 1.1 m, and various (15%), G (221-387 kg m~2 s~ 1), Vy nor convective boiling mechanism were
inner/outer tube diameters (0.059-0.123 m3 h-1), Q/A (14-27 kW found dominant. Boiling heat transfer
m~2), Inner tube inner diameter up to 1600 W m~2 K-,
(4,6,8 mm), outer tube inner diameter
(10,12,14 mm)
[129] Membrane-based microchannel H,O/LiBr T; (28 °C), Ty (62-66 °C), X (45.8%), m Desorption rates up to 4.2 kg m=2 s~ 1.
desorber with mass transfer area (0.5-1.7 kg h=1), Vy (0.2 L min~1)
around 4.28 m?
[130] Membrane-based microchannel H,O/LiBr T; (75.3-95.2 °C), X (49.78%), m Desorption rates up to 5.7 kg m~2 h~1.
desorber with mass transfer area (0.025 kg s 1), Vi (2.0 L min~1)
around 1 m?
[132] Stainless smooth horizontal double pipe ~ R290/POE-oil P (1200-1400 kPa), T (55.3-62.5 °C), X Boiling heat transfer up to 800 W m~2

with a length of 1.1 m, and various
inner/outer tube diameters

(11.1%), G (166-387 kg m~2 s~ 1), Vy
(0.029-0.084 m3 h—1), Q/A

(1.0-30.74 kW m~2), Inner tube inner
diameter (4,6,8 mm), outer tube inner

K-1.

diameter (10,12,14 mm)

P (inlet solution pressure), X (solution concentration), Xs (inlet surfactant concentration), xv (mean vapour quality), T; (inlet solution temperature), T,, (wall surface temper-
ature), Ts (saturation temperature of the fluid), Ty (inlet heating fluid temperature), rm (solution mass flow), I (solution mass flow per unit of length), G (solution mass flow
per unit of area), Gy (heating fluid mass flow per unit of area), V (Solution volumetric flow), Vy (Heating fluid volumetric flow), Q (heat transfer rate), Q/A (heat transfer

rate per unit of area).

Table 4

Summary of the available heat and mass transfer correlations using various working fluids in desorbers for absorption heat pump systems.

Reference Working fluids Correlated parameter Desorber type/ solution flow configuration Accuracy range

[62] H,O/LiBr Boiling heat transfer coefficient Vessel/ Pool flow -

[101] NH3/H,0 and NH3/LiNO3 Boiling heat transfer coefficient Vertical tube/ Forced upward flow +25%

[65] NH3/H,0 Boiling heat transfer coefficient Vessel/ Pool flow -

[66] NH;5/H,0 Boiling heat transfer coefficient Vessel/ Pool flow +40%

[67] NH;3/H,0 Boiling heat transfer coefficient Vessel/ Pool flow +20%

[81,82] H,O/LiBr Boiling heat transfer coefficient Vertical tube/ Falling film flow 19%

[111] NH3/LiNO3 Nusselt number Vertical plate heat exchanger/ Upward flow +9%

[69] NH;3/H,0 Boiling heat transfer coefficient Vessel/ Pool flow +18%

[112] R134a-DMF Nusselt and Sherwood numbers Vertical double pipe/ Forced upward flow +25% and +15%, respectively.
[113] R134a-DMF Nusselt and Sherwood numbers Vertical plate heat exchanger/ Forced upward flow +25% and +15%, respectively.
[115] NH3/LiNO3 Nusselt number Vertical plate heat exchanger/ Forced upward flow +10%

[116] NH3/H,0 Boiling heat transfer coefficient Vertical plate heat exchanger/ Forced upward flow +20%

[125] NH;3/LiNO3 Boiling heat transfer coefficient Horizontal double pipe/ Horizontal flow +20%

[94] NH;5/H,0 Boiling heat transfer coefficient Plate desorber-rectifier/ Falling film flow +25%

[97] NH3/LiNO3 Nusselt number Shell with an internal helical coil/ Falling film flow +20%

[98] NH3/H,0 Boiling heat transfer coefficient Branched tray configuration/ Falling film flow +25%

ter for the binary mixture based on that reported by Mostin-
ski [25]. Hernandez-Magallanes and Rivera [97] reported a Nus-
selt correlation based on the Prandtl, Boiling, Jacob, and Froude
numbers. Meanwhile, Delahanty et al. [98] based their correlation
on the ideal phase-change heat transfer coefficient, the vapour-to-
interface heat transfer coefficients, and the ratio of vapour sensible
heat flow to total heat flow.

Regarding the correlations reported for forced flow desorbers,
Rivera and Best [101] used the Lockhart and Martinelli parame-
ter (X¢).and the Boiling number (B,) for the development of their
correlations. Zacarias et al. [111] and Venegas et al. [115] based
their correlation on the Prandtl, Boiling, Jacob and Froude num-
bers. Balamurugan and Mani [112] correlated the Nusselt number
with the two-phase Reynold number, Lockhart and Martinelli pa-
rameter, and the Boiling number, whereas Balamurugan and Mani
[113] considered only the Reynold number and the Prandtl number.
Moreover, the Sherwood number for mass transfer in each study
was correlated using the two-phase Reynold number, momentum
diffusivity, heat flux, and concentration difference between the so-
lution inlet and outlet. Taboas et al. [116] developed their cor-
relations for both convective boiling and nucleate boiling where
the deciding factor was the superficial velocity of vapour. If nu-
cleate boiling is predominant, the effect of the Boiling number

20

and single-phase heat transfer coefficient is considered. If convec-
tive boiling occurs, then the effect of the Lockhart and Martinelli
parameter and the single-phase heat transfer coefficient are as-
sociated. Also, Jiang et al. [125] reported a boiling heat transfer
correlation considering both, convective boiling and nucleate boil-
ing, with their respective suppression factors. The suppression fac-
tor for convective boiling includes the Lockhart and Martinelli pa-
rameter, the Boiling number, and the Weber number, whereas the
Reynolds number and tube diameter were taken into consideration
in the case of nucleate boiling.

From the revision conducted, it can be concluded that there
is still much work to do to develop proper correlations to char-
acterise boiling heat transfer in compact desorbers for absorption
heat pumps. Most of the correlations were obtained from exper-
iments in vessels, vertical tubes, or plate desorbers. The correla-
tions reported are all different in form and parameters consid-
ered, plus they were obtained under specific operating conditions.
Therefore, they should be tested to know how they reproduce the
data reported by other researchers. Moreover, in forced flow boil-
ing, only a couple of correlations contemplate convective and nu-
cleate modes [116,125]. In the other correlations, only one effect
was found to be predominant according to the experimental oper-
ating conditions and results.
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4. Conclusions and future works

The present review was aimed at facilitating the evolution of
investigations dealing with the characterization of desorbers for
absorption heat pumps. As such, this review involved an exhaus-
tive and detailed scrutiny of studies on pool desorbers, falling-film
desorbers, and forced flow desorbers, detailing the experimenting
techniques, test conditions, working fluids used, and the latest ad-
vances in desorber designs.

The literature review shows that the first studies were focused
on characterizing, seeing, and understanding the pool boiling phe-
nomenon. Interest then moved on from the boiling process to
falling-film and forced flow configurations given the better flow
hydrodynamics and the possibility of developing more compact
desorbers. However, very few studies in falling-film and forced
flow processes have included visual observation investigations.

Most of the studies reviewed have focused on the character-
ization of desorbers to identify the limiting parameters and the
mechanisms responsible for the boiling at the conditions studied.
In falling-film boiling, the wettability of the tube was found to be
the main concern and object of study at different operating condi-
tions, while few studies identified diffusion and nucleate boiling as
the mechanisms responsible for boiling heat transfer. In the forced
flow boiling process, the variation in mass flow and heat flow is of
special interest if the predominant effects of diffusion, convective,
and nucleate boiling are to be identified. In general, it was noted
that convective boiling is predominant at high mass flows, whereas
nucleate boiling is responsible for boiling heat transfer at low mass
flows and high heat fluxes. In the case of diffusion, it was found to
be responsible for boiling processes at low wall superheat temper-
atures and at low solution flows.

Comparing the number of studies reported on desorbers to
those carried out on absorbers for absorption heat pumps [17], it is
noteworthy that the number of investigations on desorbers is sig-
nificantly lower. Moreover, this review provides evidence that the
main technique employed for boiling enhancement and the design
of more compact desorbers, is the use of advanced surfaces. The
latest desorber design concepts involve the use of plates with ex-
tended surfaces as well as the use of membranes. Very few inves-
tigations available in the literature are related to the use of addi-
tives or nanofluids to improve heat and mass transfer in desorbers
for absorption heat pumps. This means that studies involving sur-
factants or nanoparticles are still at an early stage of development.
Therefore, the potential for research into the application of pas-
sive intensification techniques, such as the use of surfactants and
nanofluids, is promising and likely to be in line with the advances
and techniques employed in manufacturing absorbers.

Finally, there is a great need for more research to be carried
out on the boiling process in advanced designs using conventional
and promising working fluids including additives at the required
operating conditions for different configurations of absorption heat
pumps. Proposals for correlations that involve bubble hydrodynam-
ics and their validation will also be the focus of new studies which
may serve to contribute to the further development of absorption
heat pump technologies.
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