ISSN 1846-6168 (Print), ISSN 1848-5588 (Online)
https://doi.org/10.31803/tg-20180123123455

Preliminary communication

Energy and Exergy Analysis of LiBr-aq and LiCl-aq Liquid Desiccant Dehumidification
System
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Abstract: In this study, energy and exergy analysis of experimental results obtained from a dehumidification system using LiBr-aq (lithium bromide-water) and LiCl-aq (lithium chloride-
water) as desiccant was made. In dehumidifier and regenerator columns polycarbonate sheets, which have not been used before, were used as packing material to increase contact area
in purposed liquid desiccant dehumidification system. In the analysis, variation of electrical coefficient of performance and exergy efficiency with airflow rate for different solution mass flow
rates were investigated. Because of investigation, maximum values of electrical coefficient of performance and exergy efficiency were calculated approximately as 2.8 and 18%, respectively.

Keywords: energy; exergy; liquid desiccant; liquid desiccant dehumidification; polycarbonate packing

1 INTRODUCTION

Nowadays, vapor compression refrigeration systems are
extensively used for heating/cooling processes. On the other
hand, these types of systems are highly dependent on
electrical energy and provide limited humidity control and
indoor air quality. For this reason, researchers lead to
alternative air conditioning systems.

Liquid desiccant dehumidification systems are good
alternatives to the vapor compression systems commonly
used in air conditioning processes. The operation of the
system is based on the principle that air is brought into
contact with a low vapor pressure liquid to remove moisture
from the air. In this way, the amount of moisture in the air
can be brought to an acceptable level by consuming very
small amount of energy.

Although liquid desiccant dehumidification systems
have a low coefficient of performance, they are more
interesting for general daily usage due to temperature
independent humidity control and better indoor air quality [1-
4]. In addition, the dilute liquid solution after
dehumidification in the system can be regenerated using
medium and low-temperature heat sources such as industrial
waste heat, solar energy and geothermal energy. The
efficiency and the energy saving of the system can be further
increased [5-7].

Ahmed et al. [8] carried out exergy analysis of a hybrid
air conditioning system operating with liquid desiccant
dehumidification system. Xiong et al. [9] also performed
exergy analysis of a novel two-phased liquid desiccant
dehumidification system and they compared that system with
a single-phased dehumidification system. Zhang et al. [10]
performed an exergy analysis with the heat and mass transfer
analysis of the liquid dehumidification system using LiBr-
water solution.

In this study, energy and exergy analysis of a liquid
desiccant dehumidification system for two liquid desiccant
solutions, which are LiBr and LiCl, was experimentally
conducted. The electrical coefficient of performance and
exergy efficiency were chosen as performance parameters

and two solutions were compared according to these
parameters.

2 SYSTEM DESCRIPTION

In liquid desiccant dehumidification systems, moisture
in the air is removed by strong desiccant solutions which are
hygroscopic materials. The dehumidification process
depends on water vapor pressure difference between liquid
desiccant and air. After dehumidification process, diluted
solution is regenerated by the regenerator column.

The tested liquid desiccant dehumidification system is
shown schematically in Fig. 1. The system consists of
dehumidification and regenerator columns, air fans, liquid
pumps, heat exchangers and various sensors.

In liquid desiccant dehumidification system, process air
enters at point (1) and leaves the dehumidifier at point (3)
after its moisture is removed. In the dehumidifier column,
strong liquid desiccant solution, which takes some moisture
from the air, becomes diluted. Diluted liquid desiccant
solution is sent to the regenerator column with the aid of
liquid pump at point (8). Before it enters the regenerator
column, solution is heated using heating HEx at point (9).
Afterwards, the solution is regenerated by passing air through
(points 4-6). Regenerated solution is cooled to reduce the
surface vapor pressure by cooling HEx (point 12) before it is
reused in dehumidifier.

In the tested system, various sensors were placed at
specified points to measure temperature, relative humidity,
flow rates and pressure difference (Fig. 1). Air flow rates
were measured with KIMO-CTV210 (£0.3% sensitivity)
sensor, liquid flow rates were measured with GF Signet
Capteur 515 sensor (+0.5% sensitivity).

Relative humidity and temperature values of the air at
inlet and outlet of dehumidifier and regenerator columns
were measured with Vaisala HMT120 (£1.5% RH and 0.2
°C sensitivity) sensor. Liquid desiccant, hot and cold water
temperatures used in HEx's were measured with K type
thermocouple (£0.4% °C sensitivity).

In the tested system, novel structured polycarbonate
packing materials were used to increase air-solution contact
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area and time. Polycarbonate packing materials were formed
by cutting large polycarbonate sheets of 2 x 6 m in
dimensions of 100 x 300 x 6 mm and channel angles of 30°.
Formed polycarbonate sheets and their placement in columns

polycarbonate sheets were placed in such a way that the
channels would form a zig-zag so that the contact time could
be increased, and a smooth flow could be obtained. Average
surface area density of the sheets was calculated as 637

were shown in Fig. 2a and 2b respectively. The m?/m>,
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Figure 1 Schematic representation of the system
Figure 2 a) Formed polycarbonate sheets, b) placement of sheets in columns
3 ENERGY AND EXERGY CALCULATIONS 0
COR, = (1)

In the study, electrical coefficient of performance and
exergy efficiency were used to investigate performance of
the system. Calculations were carried out by EES
(Engineering equation solver) software [11].

Electrical coefficient of performance of the system was
calculated by Eq. (1):

[

Here, Qev and We are recovered heat energy and

consumed electrical energy in unit time respectively. Qev
was found from the following equation:
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Qev = mal (a)Z ] )Ahfg (2)

In Eq. (2),m
air (kg/s), inlet and outlet absolute humidity of air
(kgmo/kgpryair) in dehumidifier respectively. Ahyg, is the
latent heat (kJ/kg) of water. In the purposed system, specific
exergy flow (kJ/kg) of any point was calculated by Eq. (3):

1> @2 and s represent mass flow rate of

Vi =hi_h0[T0(si_s0)] 3

Here, "0" subscript represents the dead state. Exergy
loss of the dehumidifier was found by Eq. (4):

Ey, =y (yy —y3) + g (v7 —yg) “4)

In Eq. (4), mg; is mass flow rate (kg/s) of the desiccant

solution in dehumidifier column. Exergy losses in the
cooling and heating HEx's were calculated by Eq. (5) and
(6) respectively:

Ehexc = msl ( Via —¥7 ) + mcw (‘//swi - cho) (5)
Ehexh = msZ(WlO - '//9) + mhw (l//hwi - tho) (6)

In Eq. (5), m,, and ny,, are the mass flow rate (kg/s)

of the cold and hot water respectively. Subscripts "cwi" and
"cwo" refer inlet and outlet status of the water in cooling
HEx. Similarly, "hwi" and "hwo" represent inlet and outlet
status of the water in heating HEX. riy, is mass flow rate

(kg/s) of the desiccant solution at heating HEx and
regenerator. Exergy loss of the regenerator was found by the
following equation:

Erej =ty (Ws —We) + g (W —¥io) (7

Here, m,, refers the mass flow rate (kg/s) of the air at

regenerator. Exergy efficiency of the system was defined by
Eq. (8):

®)

In Eq. (8) Ek and Ehw are gained exergy (kW) by
process air in dehumidifier and consumed exergy (kW) to
regenerate the diluted solution in regenerator respectively.
These parameters were calculated by following equations:

Ek =rity (W3 —¥3) ©

Thwi -1

Ehw =mhwcpw(Thwi _Thwo)( WtJ (10)

In Eq. (10), Ty and cpy represent dead state temperature
and average specific heat of the water, respectively.

4 RESULTS AND DISCUSSION

In the liquid desiccant dehumidification system, energy
and exergy analysis were conducted for 43% wt LiBr-water
and LiCl-water solutions separately. Calculations were
performed with the aid of EES software according to
experimental results. Measured and specified experimental
parameters and dead state properties were shown in Tab. 1
[10, 12]. In experimental rig, ARGAL P 06.10 chemical
centrifugal pump was used as liquid pump and it operates in
between 0-6.3 (kg/s). As it is visible in table, solution mass
flow rates were selected as 1.42 and 1.85 (kg/s), which are
in operation range of the liquid pump. In the table, 7, P, @
and X values refer to dead state properties of temperature,
pressure, relative humidity and concentration, respectively.

Table 1 Experimental parameters and dead state properties

Parameter Measured/specified value
Liquid desiccants 43% wt LiBr and LiCl solution
Packing height, cm 60

Average air flow rate, m*/h 400, 680, 1000

Average solution mass flow rate, kg/s

(dehumidifier) 142,185
Cold water inlet/outlet temperature 14/22 °C
Hot water inlet/outlet temperature 59.1/50.2 °C
Average solution temperature o
(dehumidifier) 287°C
Average solution temperature 45.8 °C
(regenerator)

Dead state properties of water Tw=25 °C, P,=101.3 kPa

Dead state properties of air To=25 °C, Py=101.3 kPa, ®;=99%

Dead state properties of solution 730 °C, X=0.0001 kg/kg

The distribution of total exergy loss in the system
equipment for LiBr-water solution at 1.42 kg/s desiccant
mass flow rate and 400 m*/h air flow rate was shown in Fig.
3. The maximum exergy loss occurred in heating HEx
because of high regeneration temperature. In dehumidifier,
high surface vapor pressure difference causes high exergy

loss.

Dehumidifier
35%

—

Figure 3 Distribution of total exergy loss over the equipment

Fig. 4 represents variation of absolute humidity of air in
dehumidifier and regenerator columns for LiBr-water
solution at 1.42 kg/s solution mass flow rate and 400 m3/h
air flow rate. In the dehumidification process (2-3), air
contacts with relatively hot and strong desiccant solution,
hence its temperature increases and absolute humidity
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decreases. In the regeneration process (5-6), air contacts
with hot and diluted solution; therefore, temperature and
absolute humidity of air increase.
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Figure 4 Variation of absolute humidity of air in dehumidifier and regenerator

columns

Fig. 5 shows the variation of electrical coefficient of
performance values for LiBr-water and LiCl-water at 1.42
kg/s solution mass flow rate. During the experiments, mass
flow rates of solutions were kept constant at 1.42 kg/s and
airflow rates increased from 400 to 1000 m*/h. As it can be
seen from the figure, increase in airflow rates will increase
the electrical coefficient of performance for both solutions.
Since LiCl-water solution has lower surface vapor pressure

than LiBr-water, amount of removed moisture (Q,, ) will

be higher as well as electrical coefficient of performance.
The maximum value of electrical coefficient of performance
was obtained as 2.6 at 1000 m*/h airflow rate for LiCl-water
solution.

In Fig. 6, variation of electrical coefficient of
performance was shown for both solutions at 1.85 kg/s
solution mass flow rate. The increase in the liquid desiccant
flow rate caused a significant increase in the LiCl solution
and insignificant change in the electrical coefficient of
performance values in the LiBr solution. The maximum
value was obtained with LiCl solution as 2.8 at 1000 m*/h
airflow rate.
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Figure 5 Variation of electrical coefficient of performance with air flow rate
(mg; = 1.42 kg/s)
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Figure 6 Variation of electrical coefficient of performance with air flow rate
(mg; = 1.85kg/s)
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Figure 7 Variation of exergy efficiency values with air flow rate
(mgy, = 1.42 kg/s)

Fig. 7 shows the variation of exergy efficiency values
for LiBr-water and LiCl-water solutions with airflow rates
at constant 1.42 kg/s solution mass flow rates. Since exergy
efficiency values are highly dependent on amount of
removed moisture, LiCl-water solution shows the best
performance between two solutions. Airflow rate positively
affects the exergy efficiency values for both solutions and
the maximum value of about 12% was obtained at 1000 m*/h
airflow rate.
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Figure 8 Variation of exergy efficiency values with air flow rate
(mg; = 1.85kg/s)

Variation of exergy efficiency values with air flow rate
at 1.85 kg/s solution mass flow rates were represented in
Fig. 8. Increase in solution mass flow rates enhances the
exergy efficiency values for both solutions. As a result of
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calculations, the maximum exergy efficiency value was
found at about 18% with LiCl-water solution at 1000 m>/h.

5 CONCLUSION

In this study, energy and exergy analysis of a liquid
desiccant dehumidification system using LiBr-water and
LiCl-water as desiccants was performed using the
experimental test results. In the analysis, electrical
coefficient of performance and exergy efficiency were
chosen as performance parameters and variation of these
parameters with air flow rate and solution mass flow rates
were investigated. As a result of investigation the following
results were obtained:

e In experiments conducted with LiBr in the system, the
most exergy loss occurred in the heating HEx. By reducing
the regeneration temperature, the exergy lost in the heat
exchanger can be reduced. However, excess reduction in the
regeneration temperature may cause decrease in
regeneration performance of the system.

e According to the obtained electrical coefficient of
performance values and exergy efficiencies, low surface
vapor pressure provided by the LiCl solution will provide a
great advantage in terms of performance in the system. In
the analysis with LiCl solution, the highest electrical
coefficient of performance and exergy efficiency values
were determined by approximately 2.8 and 18%
respectively, while the same parameters were determined to
be approximately 1.6 and 5% with LiBr solution. The
electrical coefficient of performance values obtained with
both solutions show that the system uses the primary energy
sources efficiently.

Considering the electrical coefficient of performance
and exergy efficiencies obtained in the study, the LiCl
solution comes to the fore, as mentioned before. However,
in selecting the appropriate liquid desiccant to be used in the
system, price and availability are important as well as the
performance of the system. The LiBr solution offers lower
initial investment and operational cost owing to its low price
and high availability. For this reason, the use of the LiBr
solution would be advantageous in these respects.
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