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Abstract

Use of metallic air-liquid desiccant contacting surface is common in falling film system due to
high wettability. Metallic surface in general suffers from corrosion problem .Corrosion prone
metallic surfaces need expensive anticorrosive coating or require frequent replacement. Plastic
plates can be used as an alternative to metallic surface, provided wetting characteristics of plastics
surface can be elevated up to metallic surface .Plastic surface have excellent corrosion resistance
property, lowcostand light weight. In this project, wetting factor of modified polypropylene plates
have been experimentally measured for liquid desiccant system. Surface modification technigue
have been used forimproving the wetting characteristics of polypropylene plates. Vertical grooves
have been fabricated on four different polypropylene plates by CNC milling machine. Width of
vertical groowves for four different plates have been kept 2mm,3mm,4mm,5.5mm respectively.
Consistentwetting performance is obtained for surface having 3mm grooves width. The developed
surface having 3mm grooves width has been used further to carry out absorption liquid desiccant
study at low flow rate conditions. Falling film tower have been fabricated for liquid desiccant
application.
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Chapter 1 Introduction

1.1 Background

Electricity is used for many building operations including residential and commercial; the two
largest uses of electricity from the building sector are lighting and air conditioning. Air
conditioning affects not only personal comfort, but also economics. The state of comfortimprowes
the productivity of human being. Air-conditioning plays an important role in our day to day life
considering the fact that most of us pass around 70-90%of our life in built environment [1]. The
situation is execrated by the global warming as well as increasing levels of air pollution. Air-
conditioningsystems are no more with old luxury tag; in factthey have become necessity of human
life. HVAC industry is today aiming for off-loading electricity consumption and greenhouse gas
emissions. It is only possible through the use of renewable energy or low grade waste heat for air -

conditioning with the help of environment benign refrigerant.

Vapour compressionair conditioningsystem (VCR) iswidely used to meetthe comfort necessities
of conditioned space since the inception of its concept around a century ago. This system handles
sensible and latent load simultaneously. However, sensible and latent loads both are handled
through cooling effect. Cooling is produced through the repetitive compression and expansion of
refrigerant in the compressor and expansion devices. Figure 1.2 shows a schematic representation
of vapour compression cycle. Heat is absorbed from the process air inside the evaporator and
ejected back to the surrounding through the condenser of the unit. If evaporator coil surface
temperature is lower than the dew point temperature then air gets cooled and dehumidify. This low
temperature and humidity air is sent back to the air conditionedspace to balance heat and humidity
loads of conditioned space. To achieve the low evaporative coil surface temperature (for
condensation purpose of the air) compressor consumes lot of energy. Vapour compression system
primarily needs energy in form of electricity. Performance of vapour compression system is very
poor against of the latent load and it deteriorates at very fast rates in case latent load demands
increases especially during the monsoon season or in tropical climates. Hence there is a need of

alternative process/systemto meet latent load. Desiccant systems are emergingout as a sustainable



option of conventional vapour compression systems, they can work using any low grade waste
heat or renewable energy.
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Fig. 1.1 Simple vapour compressioncycle [2]

1.2 Desiccant System

A desiccant is a hygroscopic material which has strong affinity toward water vapour. In desiccant
based air-conditioning systems, the latent load is handled by the direct dehumidification of air
through desiccant solution. Desiccant systems are categorized based on the state of desiccant
material as follow:

1.2.1 Solid Desiccant System

This systemusesa soliddesiccants mainly silica gel, activated aluminaand activated carbon. Solid
desiccant are used in variety of industries such as pharmaceutical industries, wood seasoning
processes etc. Figure 1.2 shows the working principle of the solid desiccant system[3]. This system
consists of rotating desiccant wheel divided in two parts: adsorption section and regeneration
section. In order to dehumidify air, wet and humid air is passed through adsorption section, thus
moisture level of air decreases. The moisture absorbing capability of solid desiccant wheel is

reinstated by passing hot air on regeneration section.
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Fig. 1.2 Solid desiccant wheel [3]

The desiccant used for this system is in granular form coated over solid wheel. These systems are
widely used due to its compactsize, ability to dehumidify air at very low moisture contentand low
degradation rate of desiccant.

1.2.2 Liquid Desiccant System

Liquid desiccants are aqueous salt solutions or organic solvents. Inorganic liquid desiccants are
aqueous mixtures of calcium chloride, lithium chloride, lithium bromide and binary mixture of
these salts. Organic desiccant solutions are mainly glycols like monoethylene glycol, diethylene
glycol, triethylene glycol (TEG), and propylene glycol. The typical liquid desiccant system is
shown in Fig. 1.3. In the absorber; the process air comes indirect contact of counter flowing cold
and concentrated liquid desiccant solution and gets dehumidified. The desiccant solution needs to
be cooledbefore enteringthe absorber. The cooledliquiddesiccant has lower vapour pressure than
the process air thus moisture transfers fromthe process air to liquid desiccant. Vapour pressure
difference between solutionand process air acts as the driving force for the mass transfer. After
absorption of moisture from air, solution gets diluted and loses its capacity to dehumidify air.
Liquid desiccant solution affinity to dehumidify air is restored back inside the regenerator unit.
For the regeneration of diluted liquid desiccant, it is first heated up (prior to regenerator/inside the
regenerator) thenitis bring in contact of outside atmospheric air. Heating of diluted solutionraises
the vapour pressure of the desiccant solution and thus mass transfer directionis reversed (from

liquid desiccanttoair). At outletof regenerator hotand concentrated desiccant solutionis obtained.



Solution to solution heat exchanger is added between absorber outletand regenerator outlet for
internal heat recovery purpose. So that the cooling load of solution cooler (absorber side) and
heating load of solution heater (regenerator side) can be minimized. This cycle is very energy

efficient as only low grade heat energy is required for regeneration of solution [4].

Heater Dehuraichfier

Dehuraidification Fan

Regereration Purap Detoarcadification Purap

Fig. 1.3 Working of liquid desiccant system [4]

Liquid desiccant systems have several advantages over solid desiccant systems:

1. Feasibility of simultaneous cooling during dehumidification.

2. Flexibility in the orientation and coupling of the absorption and the regeneration processes
provide several technical advantages. Several small absorbers can be coupled with one central
regeneration unit through separate liquid lines. The restriction of continuous supply of energy for
air-conditioning can be relaxed since regeneration of the liquid desiccant solution can be carried
out when energy is available, [or day time in solar operated systems]and the solution stored for
use during “load” conditions.

3. Require lower regeneration temperature, enable internal heat recovery between the absorption
and regeneration processes, and require lower power for air blowers.

Absorber and regenerator are the heart of this system. Important constraints for an efficient design

of this equipment are as follows:

1. Enabling very good contact between the liquid desiccant and the air.
2. Ability to handle high air flow rate.



3. Ability to operate at low desiccant flowrates without affecting the overall dehumidification of
air.

4. Low air side pressure drop.

5. No carryover of the liquid desiccant. Carryover of the liquid desiccant not only causes the loss
of costly liquid desiccant solution but also creates serious health hazards [5].

Conventionally three types of designs are used as the absorber and the regenerator: packed bed,
spray tower and falling film towers. Their details and merits/demerits are given in following

section.

1.3 Absorber/ Regenerator Tower

Owerall system performance is dependent on the design of tower selected for the absorptionand
the regeneration processes. Different flow configurations have been used, like parallel flow,
counter flowor cross flow. However, due to its high effectiveness, the counter flow configuration

is generally preferred.
1.3.1 Packed Bed Tower

The packed beds are well known for their compactness, high efficiency, and the large heat and
mass transfer area. Tower consists of random packing or structure packing spherical or special
designed shape and size to provide high void fraction. Basically packed towers are operatedin a
counter flow configuration, with the solution distributed from the top and air entering from the

bottom of the tower as shown in Fig. 1.4.
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Fig. 1.4 Packed bed tower [5]

Random packing provides good contact between air and liquid but they have to operate at higher
L/G ratio and pressure drop is also higher for them including the mass transfer. Overall, packed
bed design is very efficient from the mass transfer prospects but they consume lot of energy for
liquid desiccant circulation and needs high capacity air blower for circulatingair.

1.3.2 Spray Tower

In spray tower, large surface areafor heat and mass transfer is obtained by breaking the liquid into
small droplets with the help of nozzles in a hollowchamber as shown in Fig. 1.5. Spray tower has
very simple designand very low air side pressure drop. But, they require high pumping power for
breaking liquid in to fine droplets. Carryover of solution is another major limitation that not only
causes monetary losses but also suffocates human in case permitted and is also responsible for

poor performance of the system in case not remedied.



Fig. 1.5 Spray tower [5]

1.3.3 Falling Film Tower

In falling film tower liquid desiccant flows down along the solid surface under the influence of
gravity. Tower consists of tubes or plates as surfaces, as shown in Figure 1.6. It is used in many
industrial applications like distillation columns, vertical condensers, film evaporators, absorption
towers, falling film coolers and nuclear reactor cores, etc. These kinds of towers are preferred due
to good performance, effective working even at low L/G ratio and possibility of removal/addition
of heat generated/consumed during absorption/regeneration process. Falling film towers are
generally used due to their high energy and mass transfer rates at low liquid flow rates [6]. They
are drawing attention as they have moderate air side pressure drop and less pumping power
requiredfor liquid distribution. Corrosionof solidsurfaces and maldistribution of the liquid among
solid surfaces are the main limitations of the falling film tower [7]. Anticorrosive coatings such as

of nickel or molybdenum may help but they are very costly.
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Fig. 1.6 Falling film tower (a) tube (b) plate [5]

1.4 Outline of Thesis

The major objective of the present work is to explore the possibility of using polypropylene as a
material in plate falling film tower for liquid desiccant application such that problem of corrosion
of surfaces can be sorted out and system longevity increases. The whole report is divided into five
chapters. Chapter 1 introduces the topic in topic. Works carried out by the previous researchers
related with desiccant cooling systems are summarized in chapter 2. The chapter ends with the
summary and scope of current work. Chapter 3 gives details of the in-house dewveloped
experimental test facilityand methodology of experimentation. Results & discussionare described
in chapter 4. The conclusions derived from the work carried out absorber mode are summarized

in chapter 5.



Chapter 2 Literature Review

Liquid desiccant cooling system is the most prophetical alternative of conventional vapour
compression system. The liquid desiccant system mainly consists of the dehumidifier, regenerator
and combination of directand indirect evaporative coolers. The performance of the system mainly
depends on the efficient designs of the dehumidifier and the regenerator units. Conventionally,
three types of designs packed bed tower, spray tower and falling filmtower are used as the absorber
and the regenerator. The summary of the literature reviewed during this work are presented in

following section.

2.1 Literature on Packed Bed Tower

The packed towers have attracted the attention of many researcher due high its high effectiveness
and compactness. Intimate contact between liquid desiccant and air, and the large surface area per
unit volume are the main reasons responsible for the above. The main limitations of this type of
design are very high air side pressure drop and large air side pressure drop. Although, modern
packings (structured) reduces the problem of air side pressure drop up to large extent but still their
pressure drop is even higher than falling film and packed bed towers. One another limitation
reported by previous researchersis the requirement of even distribution of liquid across the whole
area of the packing. Thus, emphasis on efficient liquid distribution is must.

2.1.1 Experimental and Theoretical Study on Packed Bed Tower

Esam [8] carried regeneration study using structured packed tower and TEG as liquid desiccarnt.
They reported the effects of various operative parameters (effects of air and liquid flow rates, air
humidity, desiccant temperature and desiccant concentration) on humidity effectiveness and
evaporation rate of the regenerator. They also claimed that structured packing should not be
operated at L/G ratio higher than 1 —1.6.

Yin etal. [9] carried out experimental studies on liquid flowdistribution of large scale packed bed
column. The liquid flow distribution was studied for various bed height (varying from 0.9 to 3 m)

and liquid flowrate 2.66 to 6.66 kg/s-m? and gas flowrate up to 3 kg/s-m?. They found that liquid



flowdistribution was strongly influenced by packed bed height, gas flowrate and liquid viscosity,

slightly influenced by liquid flowrate.

Fumo et al. [10] studied the performance of packed bed dehumidifier and regenerator using lithium
chloride (LiCl) as a desiccant in counter-flow arrangement. They studied the impact of design
variables such as air inlet temperature, desiccant concentration, air and desiccant flow rate and
inlet desiccant temperature on the water condensation rate and evaporation rate. They concluded
desiccant temperature, desiccant concentration and air flow rates as the dominant parameters

influencing the performance of the regenerator and the absorber.

In adiabatic regenerator exchange of heat and mass transfer occurs only between the air and
desiccant, so it is possible that the moisture transfer rate reduces quickly because of decrease in
desiccant temperature at the bottom of regenerator. Yin et al. [11] carried out experimental
comparison of the performance of a adiabatic and internally heated regeneration process using
regeneration rate and regeneration thermal efficiency as a performance index. They found that for
a low flow rate of liquid solution internally heated regenerator can offer equivalent regeneration

efficiency and regeneration rate, thus carryover of liquid droplet can be avoided.

Moon et al. [12] studied the performance of cross flow structured packed (packing density
608m?/m?3) liquid desiccant dehumidifier using Calcium chloride as liquid desiccant. They
evaluated the performance of dehumidifier using dehumidifier effectiveness and moisture removal
rate as performance indexand developed new empirical correlationfor predicting the effectiveness
of cross flowpacked dehumidifier. They also reported that desiccant flowrate has a predominant

effect onthe dehumidification effectiveness at lowsolution to air mass flux ratio.

Yin et al. [13] studied the effect of heating source temperature, air temperature, solution
temperature, and solution concentrationon rate of dehumidificationand regeneration of packed
bed tower. They reported average mass transfer coefficient to be 4g/m?2s for the regeneration
process withvarying concentrationat20%and 28%. The mass transfer coefficientis more for 20%
concentration of lithium chloride desiccant solution also find out the correlation for mass transfer

coefficient for regenerator and absorber.
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Wang et al [14] evaluated the performance of structured packed bed dehumidifier (packing density
650m?2/m?3). They studied the impact of design variables such as air inlet temperature, desiccant
concentration, air and desiccant flow rate and inlet desiccant temperature on the water
condensation rate and evaporation rate. They concluded desiccant temperature, desiccant
concentrationand air flow rates as the dominant parameters influencing the performance of the

regenerator and the absorber.

Gommed & Grossman [15, 16] studied the performance of a solar based open absorption liquid
desiccant system using packed bed towers and lithium chloride as desiccant and did a simulation
of the open absorption system has been conducted using the measured values, to determine the

effect of operating parameters on performance.

2.2 Literature on Spray Tower

In spray type arrangement, heat and mass transfer between liquid desiccant and air takes places at
the outer periphery of small liquid droplets. These small liquid droplets are formed by breaking
the liquid with help of especially designed spray nozzles. Although spray towers are well known
for their simplicity, low pressure drop on airside and low cost, but the system performance is not
as good as falling film or packed towers due to very limited contact time between liquid desiccant
and air (small droplets have very high speed). Carryover of liquid and large liquid side pressure

drops are other prominent drawbacks of these systems.

2.2.1 Experimental and Theoretical Study on Spray Tower

Kumar [17] developed a spray tower for almost zero carryover of liquid desiccant; three different
types of wire mesh packings were used to enhance the performance of the conventional design by
spreading the liquid and slowing down the fast speeding fine liquid droplets. He compared results
with conventional spray tower and reported improvement of 30% as compared to conventional
design. Mass flow rate of air and desiccant, air and solution temperature, inlet specific humidity

and concentration of solution had been identified as the major influencing parameters.

11



Fig. 2.1 Wire mesh packing [17]

Yin etal. [18] studied internally cooled/heated dehumidifier/regenerator using lithium chloride as
desiccant. They evaluated the effect of inlet parameters variation on moisture removal rate and
also compared the internally cooled/heated dehumidifier/regenerator with adiabatic
dehumidifier/regenerator. They reported that internally cooled/heated dehumidifier/regenerator

gives better performance at lowvalue of operating variables.

2.3 Falling Film Tower

The falling film tower finds extensive application in various fields where simultaneous heat and
mass transfer phenomenon are required. In the falling film towers liquid falls under the influence
of gravity along the surfaces placed in towers thus less pumping power is required. Limited
wetness of the solid surfaces and inefficient distribution of liquid are the main limitations of these
kinds of towers. The performance of falling film tower can be enhancing by the addition of
surfactants, modification of surface for good surface wetting, and by ensuring uniform wetting of
individual solid surfaces

12



2.3.1 Experimental and Theoretical Study on Falling Film Tower

Kang et al. [19] studied the effect of surfactant addition on fluid flow and heat transfer on a
stainless steel plate in falling liquid film. They found that addition of surfactant significantly
increases the wetted area due to decrease in surface contactangle. The concentration of surfactant
in their study was varies up to 1000 ppm. They observed that at 500 ppm film thickness decrease
gradually. The result showed that enhancement in heat transfer from heated plate to falling film

take place due to addition of surfactant.

Jain et al. [20] experimentally studied the falling film tubular absorber and falling film plate
regenerator. The results were compared with the predictions from theoretical model and they
introduced the wetting factor terms to account for limited wetting of solid surfaces. They found
the value of wetting factor for regenerator (Fw=0.6, Fn=1) and dehumidifier (Fw=0.3, Fn=0.7),

where Fw is wetting factor for mass transfer and Fn is wetting factor for heat transfer.

S. Bouzenada [21] experimentally studied the performance of low flowfalling film absorber using
chloride as liquid desiccant. They achieved the moisture removal rate up to 3.5g/s at average value

of dehumidifier effectiveness up to 55%.

Qi et al. [22] did investigation on wetted area and film thickness, wetting of the solid surface
enhance the heat and mass transfer performance. To keep plate resurface hot they circulate the hot
water so that the surface tension of the desiccant is lower and hence enhancement in wetting of the
surface accrues. They studied the effect of surface temperature on performance of system found
that wetted area can be significantly increased by controlling the plate surface temperature

especially at low flow rates.

Kessling et al. [23] used lithium chloride as liquid desiccant with plate & tube type falling film
absorber. Cooling water was circulated through the tubes to remowe the heat generated during the
absorption process. They also explored the feasibility of storing the energy in the form of
concentrated liquid desiccant solution. The effect of the ratio of the mass flow rate of air to the
mass flow rate of liquid desiccant was analyzed on the performance interms of meondand storage
capacity. Unlike others works they used very high solutionto air mass flowrate ratio inthe range
of50-100.

13



Rahamah et al. [24] present the mathematical model for parallel flow falling film and validated it
with available literature. They also studied the effect of variation of inlet parameters on the
performance of dehumidification process using calcium chloride as desiccant. They concluded
following important points regarding the performance of dehumidification process from their

study.

1. Low air flow rates produce better dehumidification and cooling processes.

2. Increasing the channel height leads to better coolingand dehumidification processes for the
outlet air; howewer, the rate is decreased.

3. The dehumidification process can be enhanced by decreasing the inlet water concentrationin
the desiccant solutionto certain levels such as to avoid crystallization of the salt in the solution.
Table number 2.1,2.2,2.3 and 2.4 showthe summary of operating parameters and the performance
of the previous studies statistical data used in various experimental studies for absorber and

regenerator performance.

Various kinds of desiccants solutions reported in literature are summarized in table 2.1-2.4 from
this table, it can be concluded that

1. Aqueous solution of LiCl is the most widely used liquid desiccant, followed by aqueous
solutions of CaCl.andTEG.

2. Preferred ranges of concentration of liquid desiccant solutions are as follows: LiCI+H20 30-
40%, CaCl2+H20 35-45%, and TEG 90-96%.

3. Glycol based organic desiccant solutions are less popular in recent study possibly due to their

non-zero vapour pressure, thus it is impossible to avoid carryover of the liquid desiccant.

Following Table shows the statistical data used by many researchers in their study with use of

different liquid desiccant and different absorber/ regenerator unit.

14



Author Desiccant Air Air to EF Remark
desiccant | (ey)
Type Temp. | Con. | Flow Flow Rate | Temp Humidity ratio
(°C) (%) | Rate Kg/s (°C) Kg/kg Ma/Mi
Kals

Moonetal | CaCl, | 20-45 |30- |0.5-3.5* |0.015- 24-42 CF, 40-120Pa/m, 608m?/m?,

[12] 45 0.026* 0.033-0.043 | 0.38-24 0.6 MRR=0.00112, EF=0.6

Fumo etal | LiCl @24- | 33- |4.5-8* 0.8-1.5* 28-42 0.014-0.022 0.15-0.25 | 0.74-0.85 | WC, CF, packing

[10] 38 35 density=210m?/m?,

Gandhidas | LiCl 30 35 3-6.5* 1.5* 35 0.018 Studied the Effect of HX EF on

anp. [11] Water condensation rate.
Rate=0.013 kg/s/m?

Yin et al LiCl @25- | 38- |0.1042** | 0.074** 28.5-34.50.0118-0.0185 | 0.71 Studied the effect of 20 and 28%

[16] 30 40 LiCl on mass transfer co-
efficient=4 g/m?s

Table 2.1 Summary of experimental works on packed bed dehumidifier
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Author Desiccant Air Air to | EF Remark
desiccant (gy)
ratio
Ma/Mi
Type Temp. | Con. | Flow Flow Rate | Temp Humidity
(°C) (%) Rate Kgls (°C) Ka/kg
Kals
Fumo etal | LiCl #58-72 | 32.5- | 5-8* 0.325- 28-42 0.014-0.022 | 0.15-0.25 | 0.74-0.85 WC, CF, 210m?/m3.
[14] 35. 0.355*
E. TEG 70-80 | 90-98| 0.6- 1-1.25* NA 0.0181- 0.64-1.1 0.25-0.40 440m?/m3, EF, EVR.
Elsarrag 1.6* 0.0242
[10]
Yin et al | LiCl 50-100 | 30-40| 0.001- | 0.001- 20-40 0.0115 PF, nr. M. Internally heated
[9] 0.035** | 0.025 regenerator

Table 2.2 Summary of experimental works on packed bed regenerator
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Author Desiccant Air Air to EF Remark
Type Temp. | Con. | Flow Flow Temp Humidity desiccant | (ey)
(°C) (%) | Rate Rate (°C) (Kg/kg of ratio
Kg/s (Kg/s) dry air) Ma/Mi

Qi etal LiCl 15-45 | 36 0.05- 0.05- 15-45 0.012 0.36 Parametric study on enthalpy

[22] 2.50™ 2.50™ effectiveness, moisture
Effectiveness and temperature
effectiveness

A CaCl: @20- | 30- |0.0035- | 0.008- 25-40 0.015-0.025 | 1.6-2.5 FF, PF, mathematical

Rahamah 30 40 0.01+ 0.0188 modeling of parallel flow

etal [24] falling film

YinY et|LiCl @20- | 39 0.1036** | 0.048- 30.9 0.36-0.96 Compared  the internally

al [18] 30 0.096** cooled dehumidifier and

regenerator with adiabatic.

Table 2.3 Summery of experimental works on falling film dehumidifier
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Ronghui LiCl 25-60 | 25— | 0.02-0.2 | 0.05- 20-40 0.00920- 35 Study Wetted area, film
Qi etal 35 2.50 00.0987 thickness, internally heated
[27] regenerator

Rahamah | CaCl #27-40 | #27- | 0.004- | 0.015- 0.004- 0.015-0.025 | 1.6-2.5 FF, PF, mathematical modeling
etal [24] 40 0.01* 0.025 0.01+ of parallel flow falling film

Table 2.4 Summery of experimental works on falling film regenerator

+kg/s-m, **kg/s, ©=md/s, *Kg/s-m2, WC= Water Condensation Rate, SP= Structure packing, EF= effectiveness, EVR=Evaporation rate, PF=

parallel flow, e= Contact angle, MRR= moisture removal rate, nr. =regeneration thermal efficiency, M= Regeneration rate, HX=heat exchanger,

PFHX= plate fin heat exchanger (dehumidifier/regenerator) CF= Cross flow.
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2.4 Performance Enhancement Technique

Conwventionally metals are used as solidsurface in regenerator and absorber towers of chemical
plants and the same is followed by the previous researchers in their experimental study. Metals
had been obvious choice due to its high wetness and high temperature workability. But, liquid
desiccant systems operates at very moderate temperature and unlike commercial chemical
plants it is not possible to change solid surfaces of falling film towers on frequent basis (due to
corrosive nature of desiccant solution). Polymer could be the possible alternative to metallic
surfaces due to inert nature toward inorganic salt solutions. Use of plastic as gas liquid
contacting solid surface is limited by the poor wetness characteristics of plastics in comparison
to metallic surfaces. To ensure proper dehumidification of air and minimizing the pumping
cost; proper wetting of plastic surfaces is mandatory in case plastics are chosenas gas liquid
contacting surfaces. Wetting of surface is depends upon contacting surface roughness, liquid
property and liquid distribution system. To increase the wetting of the surface several

techniques has been adapted like addition of surfactant and modification of surfaces etc.

Gonda et al. [25] studied the falling film evaporation ona corrugated plate of stainless steel of
surface area0.267m2.They found that stability of falling filmonnon-wetted area is the common
issue;they accrediteditinfavor of surface tensionof liquid. They analyse the flowin increasing
and decreasing manner found that for same flow rate the wetted area is about 90% during the
case of decreasing flowrate while 50% wetted area during increasing flowrate. They proposed
a new heat transfer correlation for the turbulent flow.

Mohamed [26] carried experiments over horizontal plane and fluted surface (pitch of fluted
surfaces 7, 5, and 3 mm) tubes to analyse the effect of fluted surface on the heat and flow
characteristic of liquid failing film. They observed that more heat transfer occurs at the lowest
pitch value) and reported 45 % improvement in heat transfer coefficient corresponding to 3

mm pitch.
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— Comrugation Pich
Plain Tube Fluted Tube i

Fig. 2.2 Geometry of plainand fluted tube [26]

Qi etal. [27] studied the effect of slit opening on the wetted area and film thickness for falling
film liquid. The experiments were carried out on internally heated regenerator mode. They
found that increase inslit opening from 1.0 to 1.25 mm decreased the wetted area by 51% due
to increase infilm thickness. They found that contact angle reduces with solution temperature
and high solution velocity, which significantly reduces the contact time betweenair and liquid
desiccant. They further concluded that decrease in heat and mass transfer areaand contact time
causes decrease in moisture removal rates. Therefore, the increase of wetted area or wetting
factor improves the mass transfer performance, while the performance of the system reduces

with increasing thickness of falling liquid film.

[_ i‘\ ’ ."\—!\
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Fig. 2.3 Geometry of liquidslitopening [27]

Patil et al. [7] studied wetting enhancement of polypropylene plate for falling film tower
application by adding surfactant (sodium lauryl sulfate-SLS) and surface modification
(opposite inclined groowves of 0.5mm, 1.5mm, and 3mm). They found average wetting
enhancement of 80.4% and 50% with surface modification method and surfactant addition
method respectively. They also compared the wetness of plain plastic with metallic aluminum

surface.
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Fig 2.4 Different modified surfaces [7]

Kimetal. [28] developed a new method for wettability measurement and investigated the effect
of micro-scale treatment (micro machined tubes) on smooth horizontal tube falling film
absorber. They concluded that wettability of a micro hatched tube is more than that of a plain

tube. They dewveloped correlations of wettability for the smooth and micro scale treated tubes.

Ali et al. [29] developed a model to investigate the heat and mass transfer between air and
falling liquid desiccant solutionin parallel and counter flow configurations. They stated that
parallel flow configuration provides better dehumidification and cooling than counter flow
configuration under presence of nano particle suspensions. They further concluded that lowair
side Reynolds number enhances the cooling and dehumidification rate, and high Reynolds
number enhances the regeneration rate of the liquid desiccant. They also observed that
dehumidification and cooling rates increases with increase in volume fraction of nano particles

and channel height.

Michel et al. [34] studied performances of grooved plates falling film absorber. They designed
grooves to obtain good absorber plate wettability even at low solution flow rate. They
characterized the absorptionon a LiBr falling film solution for different operating conditiors.
They investigated the impact of absorber length, cooling water inlet temperature, absorber
water vapor pressure, solution inlet temperature, LiBr mass fraction and flow rate.
Experimentally the achieved a high absorptionrate as high as 7*10"-3 Kg S"-1 m”-2.
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2.5 Literature Summary and Objectives of The Project

1. It is clear from the literature summary discussed in this chapter that large number of
experimental studies had been reported on the performance of packed bed tower as it provide
large heat and mass transfer area, compactness and high efficiency. But, the main drawback of
the system is high air side pressure drop and large L/G ratio requirement. Thus, packed bed
towersare better suitedfor large systems. Falling filmtower eliminates the drawback of packed
tower. However, very limited experimental studies are available on the falling film tower ad
still the state ofart ofabove tower is not matured unlike packed towers. Thus, the objective has
been identified as carrying out detailed absorption experimentation on falling film tower

design.

2. The main problems associatedwiththe use of liquid desiccants are corrosiondue to inorganic
liquid desiccants. In previous studies, metallic surfaces were used as contacting material but
the corrosion spoils entire surface after some time. Plastic plates can be used as an alternative
to metallic surface, provided wetting characteristics of plastics surface can be elevated up to
metallic surface .Plastic surface have excellentcorrosionresistance property, lowcost and light
weight. In the current work, wetting factor of modified polypropylene plates have been
experimentally measured for liquid desiccant application. Thus one objective of this project is

to develop a highly wetted polypropylene plate for liquid desiccant application.

Single plate vertical falling film tower has been fabricated for the study of the objectives laid
in chapter 2. Fabricated falling filmtower facilitates easy visualization of desiccant filmfalling
on the solid surface and also enables the study of performance of the absorber and the
regenerator both using same setup. The details of the parameter selection, experimental setup

and the procedure are discussed in the following sections.
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Chapter 3 Experimental Setup and Procedure

3.1 Experimental Setup and Procedure to Develop Highly Wetted
Polypropylene Plate

In this project single plate falling film tower set up has been used. The set up consist of
distributor header, vertical tower, solution tank, flow line, bypass line .distributor header and
vertical tower is made fromacrylic sheet for clear visualization of liquid film. The distributor
header is a hollowsquare (L*B) (26 cm*26cm) cylinder of H=9.5cm.the top side of distributor
has been kept open for regular cleaning of slit opening around test plate. Slit opening has been
kept 1 mm both side of plate which provides uniform liquid distribution. Vertical tower
(L*B*H) (26cm*26cm*63cm)is hollowcylindrical structure. Red colour added water has been
used as the working fluid. Red colour has been used for clear visualization of wetted area.
Solutionline consist of consists of flow line, bypass line. Monoblock pump (Kirloskar, 0.5HP)
has been used to circulate the liquid across supply loop. Camera (Canon, 550 D) and light
source have been used to capture images of flow pattern. Desired flowrate through the supply
line has been set with the help of two ball valves (one ball valve in flow line and another ball
valve in bypass line) and monitored with the help of rotameter. Before doing experiment the
water has been remixed with red die colour for 20 min. Flow line ball valve has been closed
and bypass line ball valve has been opened for remixing of water with red colour. Images of
both side of plate are captured by camera. Post processing of these images for wetted area
estimation has been carried out using Image software
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Fig. 3.1 (a) Schematic diagram of experimental setup (b) Experimental setup
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3.2 Experimental Setup and Procedure to Study Liquid Desiccant
Application

Vertical falling film tower has been fabricated for the study of the objectives laid in chapter 2.
Fabricated setup facilitates easy visualization of desiccant film falling on the solid surface and
also enables the study of performance of the absorption and the regeneration both using same
setup. Design of falling film tower has been made using solid works software .The details of

the parts of falling film tower and the procedure are discussed inthe following sections.

(b)

(c)

Fig. 3.2 Schematic diagram of (a) Bottom tank (b) Central part of tower (c)
Distributor header
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(a) (b)
Fig. 3.3 (a) Schematic diagram of falling film tower (b) Falling film tower
Different parts of vertical falling film tower has been fabricated by laser cutting machine and
added with the help of chloroform. The falling filmtower has not been connected with solution

tank, supply line, blower etc. due to the time limitationof project.so the absorptionexperiments

has been carried out on existing setup in applied thermodynamic lab.

The details of the parameter selection, existing experimental setup and the procedure are
discussed inthe following sections.
3.3 Experimental Design Guideline and Parameter Selection

The performance of the desiccant system depends on the efficient dehumidifier and regenerator
unit, with referenceto previous study the operating variables that affect the system performance
need to understand. Mainly following factor affect the system performance

1. The liquid to air flowrate ratio.

2. The air flow rate, air inlet temperature
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3. The desiccant temperature, concentration of desiccant and desiccant flowrate.

Thus proper selections of operative parameters are of major concern. Selections of operative
parameters are discussed from reference listed in literature study.

3.3.1 The Liquid to Airflow Rate Ratio

The liquidto air flowrate ratio is important to improve the performance of the liquid desiccant
system. The liquid to air ratio in various study varies from 0.06-5 [6], proper selection of this
ratio must be important to wetting of the surface in tower used for dehumidification and
regenerator purpose, but higher the liquid to air ratio causes the carryover of the liquid to
ambient or in conditioned space it may create the occupant health problem. Thus lower liquid
to air ratio are preferredto reduce carryover of liquid, also the system performance reduced as
this ratio greater than 2 [8].

3.3.2 Air Flow Rate

The moisture removal rate increases with increasing air flow rate directly proportional to it.
Higher air flow rate increases the mass transfer coefficient between the desiccant solution and
the air stream, but reduces the contact time. The equilibrium vapour pressure of solution tends
to increase due to higher moisture removal thus humidity gradient reduces as air flow rate
increases [8]. The air flow rate range is selected from 0.03-0.15 kg/s from previous study [27]

to avoid the liquid carryover, generally liquid carryover was found at velocity 4m/s [23].

3.3.3 Desiccant Inlet Temperature

Effectofairinlettemperature for dehumidificationand regenerator studied practically [8], [10],
[12]. Increase inair temperature vapour pressure of air increases moisture shifts more from air
to desiccant, but high increase in air temperature reduces the performance of system due heat
transfer from air to liquid due to heat release during condensation of water vapour. In the
literature the desiccant inlet temperature range varies 25-35°C for dehumidification and 50-
100°C for regeneration.

3.3.4 Desiccant Flow Rate

Desiccant flowrate to attain inside space condition calculate from optimum liquid to air ratio.
High solution flow rate ensures good contact between the air and the desiccant and also

increases the heat and mass transfer coefficients due to increase in wetting of surface, but
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increases the hydrodynamic resistance to air flowincreases the air side pressure drop [9], [10],

[12]. So proper selection of desiccant flowrates is important.

3.3.5 Desiccant Concentration
Partial vapour pressure of desiccant depend on the concentration of desiccant solution, with

increase in concentration vapour pressure decreases and absorption capacity increases, but
increase of surface tension property of desiccant it reduces the wetting of surface taking part in
dehumidification and regeneration. Mostly LiCl, CaCl2 and TEG are used in literature as
desiccant in the range of 38-40%, 30-45%, 90-95% respectively. For present work lithium

chloride is selected as desiccant with concentration of 39%.

3.4 Experimental Setup Description

The experimental setup for falling film tower shown in Fig. 3.4 and Fig 3.5 mainly consist of
air blower, two liquid desiccant receivers of 200 liter capacity each, a rota meter for measuring
the desiccant flow rate, PID control, magnetic drive chemical pump and polypropylene plate
(working surface) of dimension 400mmx10mmx700mm (lengthxwidthxheight).
Polypropylene usedas working surface because of its excellent corrosionresistance properties.
The falling film absorption and regeneration tower is constructed from acrylic sheet (t=95
mm) of cross section 450 mmx80 mm (length x width) and 700mm in height to allow for flow
visualization. . Distributor’s bottom header is provided with 1 mm of'slit opening on both side
of solid plate. This arrangement is designed to get uniform distribution of solutionalong the
complete width of plate. The liquid after falling through the tower collects inside the used
solutiontank 6°.

Two 200 liter capacity tanks made up of PP (12 mm thickness) are used as fresh solution tank
and used solutiontank to store freshunused liquid desiccantand used lithium chloride solutions
respectively. RTDs (Resistance temperature detector) PT-100 temperature sensorsof £0.1°C
accuracy are used for the measurement of DBT and WBT.
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1 Vertical falling film tower o i .
b Polypropyleneplate | Liquid desiccant (in)
j, Eis:ibu;or }:eader Liquid desiccant (out)
ottom duc! (
s Airinlet duct ) Water
6,6’ Liquid desiccant supply/discharge tank 1 10 .
7 Liquid desiccant distributor Sﬁ‘:ﬁ & Air
Z’ z ;’;gﬁd hemﬁr 3 G ‘i?r,l Temperature
192 controller 0 ¢ - 17
10 Liquid desiccant supply line et 0 H 4 (¢)  Wet bulb temperature
11 Magnetic drive chemical pump 55 ; zi‘o 1)
12,12°,127,12°7,12”"  Ball valves (desiccant) 12m
13 Recirculation line T
14 Liquid desiccant sampling line 1 2
15 Flow rate measurement line
16 Rotameter g
17 Evaporative cooler D) _«
18 Variable capacity air heater 0
19 Air blower q P .
20 Bypass duct 19
21 Water sump
22 Submersible pump 17
23 Air exhaust duct

Fig. 3.4 Schematic diagram of experimental setup [35]

. A magnetic drive chemical pump ((150 watt, MP-60 pump of Machbow Company). is used
to pump liquid desiccant solution from supply tank. The maximum volumetric flow capacity
of the Pump is 30 LPM at the head of 7 meters height. The flow rate is measured & controlled
by the ball valve rotameter coupledline. The pump impelleris made up of non-corrosive PVDF
material. A 3 phase 0.25 HP air blower (max. air flow rate of 280 cfm) is used for driving air
inside main unit. The inlet of air blower is connected to air heater coupled evaporative cooling
tower, which helps in achieving the required level of temperature and Humidity desired for
carry out the experiments. The outlet of blower is connected to the air duct through which
excess air is thrown outside setup through bypass line and required mass flow of air is allowed
to flow through main unit
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Fig. 3.5 Experimental setup [35]

To evaluate the performance of the dehumidification and regeneration process, it is necessary
to measure the flow rate, temperatures of desiccant solution and temperatures of air (DBT and

WABT) at inlet and outlet duct. The instruments used for these parameters are as follow:

1. Four wires RTDs PT-100 are used to measure temperature of desiccant solution and air
conditions at the inlet and the outlet positions. To measure WBT wowven sleeve with water
bottles are fixed in air ducts. The air specific humidity is calculated from the measured values
of DBT and WBT. One more PID controllerwith J type thermocouple is used to regulate inlet

water temperature of evaporative cooler.

2. Variable flow Rotameter of range 0-15 LPM is used to measure the volume flow rate of
liquid desiccant. One by pass solution line is provided prior to rotameter. On the outlet of
rotameter; one ball valve is installed to regulate the flow of liquid desiccant across main unit.
One outlet line is provided (at rotameter outlet) for the measurement of mass flow rate
corresponding to each experimental run. A data acquisition system; Agilent 34972Ais used to
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monitor and record different parameters. Total 8 RTDs are connected to DATA logger with

scanning interval of 3 sec. duration.

The flow rates of air are calculated by measuring air velocity at outlet using vane probe
anemometer having measuring rang within 0.8-30m/s an accuracy of £ (2%+0.2m/s), a
resolution of 0.1m/s (MODEL: AM-4210). Air velocity measured at various points exit to air
outlet duct of cross section 25cmx7.5cmand average values were used to calculate air mass
flow rate. Mass flow rate of liquid desiccant measured after completion each experiment by
adjusting valve 12°”” and 12’ such that rota meter shows same reading that was set during
experiment by adjusting valve 12 and 12”’. Through sampling line liquid desiccant collected
in vessel for 120s. Mass of collected liquid is calculated by dividing liquid collectiontime to
get mass of flow rate of liquid desiccant. Solution is transported back to the supply tank with

help of submerged pump.

3.5 Experimental Procedure

3.5.1 Salt Preparation

Liquid desiccant solutionis prepared from the laboratory grade dehydrated lithium chloride
salt (99.6% purity) available in 2 kg pack of Neogen Chemical Company. The reason for
choosing the laboratory grade is to avoid the effect of other impurities on the performance of
the experimental runs. RO water has beenused for preparing the final salt solution.

The salt solutionis prepared inside 20 liter barrel tank and manual stirring is carried out until

homogeneous solution forms.

3.5.2 Basic Preparation

The following activities are carried out before starting the experiment.

1. 30 ml Borosil sample bottles for collecting the liquid desiccant samples at inlet and outlet of
the falling tower are washed with RO water and dried. This activity is carried out in order to
ensure that concentration of the samples is not affected by the impurities present inthe sample
bottles.
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2. Small bottles water sink used for wetting the wicks of WBT sensors are filled with RO water.
Further, the wicks of the WBT sensors (RTDs) are cleaned with hot RO water after every 2-3
days to wash away any dust particles collected over the surface of wicks due to impurities of

atmospheric air. It is observed that this exercise helps inaccurate measurement of WBT.

3. Before the experiment; water level in WBT water sink is maintained at proper level by filling
RO water. This helps in avoiding any undesired error in WBT measurement due to less
evaporation of water.

4. Air flow rate is set at desired condition by controlling it with bypass duct. Initially, air is
only allowed to flow through falling film tower until steady state conditions (same DBT and
WABT at inlet and outlet) are achieved.

5. Sampling lines are cleaned before start of each experiment. It is observed that left over
solution in the sampling line crystallizes and chokes sampling points especially under cold

conditions.

3.5.3 Experimental Procedure for Absorption Case

Experimental conditions for the absorber study are given in Table 3.1.

Sr. No. Parameter Initial value
1 Inlet air temperature (°C) 31

2 Inlet air flow rate (kg/s) 0.052

3 Inlet air humidity (g/kg of dry air) 25

4 Inlet liquid desiccant temperature (°C) 25

5 Inlet liquid desiccant flowrate (kg/s) 0.077

6 Inlet liquid desiccant concentration (%) 39

Table 3.1 Experimental conditions for absorber study
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1. During the absorption process, the temperature of the liquid desiccant solution is generally
low. As no cooling arrangement has been given inside the tank 6, hence, solution temperature
is controlled by taking out part of the salt solution out of the receiver tank and cooling it inside
the deep freezer. Vice versa heating requirement is fulfilled by heating the solutioninside the
tank 6 through solution heater.

2. Rest of the experimental procedure remains the same as in the absorption mode (described

in the previous section 3.5.2).
3.5.4 Concentration Measurement

Samples of liquid desiccant from the inlet and outlet lines are collected through sampling lire
in 30ml glass bottle to know the inlet and outlet concentration of liquid desiccant. Density of
collected samples is measured by using density meter (Rudolph Research Analytical DDM
2911 PLUS Density Meter) with accuracy of 0.00001 g/cm?3. The solution concentration is
calculated by density correlation given by Conde [32]. Before measurement of density, U tube
of density meter is rinsed with water and soap solutionat 50 °C. The calibration of machine is
carried out by measuring density of air. Then, sample is injected with help of 5 ml syringe.
Density of the injected sample appears on monitor. Each sample density is measured twice in

order to ascertain accurate concentration.
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Chapter 4 Results and Discussion

4.1 Results and Discussion to Develop Highly Wetted Polypropylene Plate

Experimenthas been done on four different polypropylene plate having width of grooves 2mm,
3mm, 4mmand 5.5mm respectively to get highly wetted polypropylene plate. The groowves are
designed on plate to obtain good wettability even at a low solutionflow rate. Four different
size of wertical groove on plain plate surface has been proposed based on capillary length

phenomenon.

Capillary Length (Ca) = \/%

Where ¢ = surface tension, p=density, g= 9.8 m/s"2
Capillary length for water is 2.69mm
Hence to get the optimized channel width, wetting behavior of four different plates has been

experimentally investigated.

Test plate Width(w in mm) Depth (d in mm) Fin width(f in mm)
1 2 05 1
2 3 0.5 1
3 4 05 1
4 55 0.5 1

Table 4.1 Dimensionsofgrooved plates

Fig. 4.1 Plate with vertical grooves
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(a) (b) (c) (d)

Fig.4.2 Flow pattern on plates having groove width (a) 2mm (b) 3mm (c) 4mm (d)
5.5mmat 0.015 kg/s

Experimental test shows that when width of groowe is less than the capillary length then
solution flows outside of the grooves because of more surface tension effect. When the width
of groowe is greater than the capillary length then solution wet the base of the grooves because
of less surface tension effect. When the width of groove are too wide compared to the capillary
length (w> 2Ca) then solution does not wets the entire base of the groowves for the flow range
studied.

Wettability of the filler surface is mainly manifested by the wetting factor which is defined as

follow:
Wetting Factor (€,,) = ‘2—‘”
b

Where Aw is Projectionareaof liquid film on the plate and Ab is the area of plate
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Fig. 4.3 Comparison of wetting factor for four different plates having groove width
2mm, 3mm, 4mm, 5.5mm respectively.
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Fig. 4.4 Comparison of wetting factor for 3mm plate, plain PP and Patil et al.

Fig. 4.3 shows that wetting factor of plate having groove width 3mm is more than plates having

groove width 2mm, 4mm and 5.5mm respectively at low and high flow rate. Average wetting
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factor for plate having 3mm groove width is 26.31% and 8.4 % higher than plates having
groove width 2mm and 4mm respectively.
Fig 4.4 shows that wetting factor of plate having 3mm width is more than modified Patil et al.

plate.

4.1.1 Wetting Factor Correlation

From patil etal. 2016, correlation for wetting factor is as follow:

_ 1017 (Re)*** ()3 (%)0.42

Cw (ﬂ)o.ss
ow

Where Re= Reynolds number, y = Surface energy, A,,,~Extended surface area of modified

surface,og; =Surface tension of liquid, o,,= surface tension of water

4ml
Where Re=——
uw

p= viscosity of liquid, m;=mass flowrate, W=width of plate

Eexp eriment,i— Eprediction,i

100 «
MAPE (%) == = 2j=1

Eexperiment,i

Plates MAPE (%)
2mm 31.55
3mm 33.30
4mm 32.10
5.5mm 39.10

Table 4.2 MAPE for all four plates

MAPE is above 30% for all four plates so new wetting factor correlation is developed for
vertically grooved plates.

New wetting factor correlation is as follow:

Aex
sz 2.50(R8)0'73 (V)O.69(Tt)4.09(30)0.18
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Where BoZ(ﬁ)2 , Bo is defined as bond number

Where w = width of groove
MAPE for new wetting factor correlation is as follow:

Plates MAPE (%)
2mm 11.15
3mm 20.47
4mm 3.85
5.5mm 16.27

Table 4.3 MAPE for new wetting factor correlation for different plates

Table 4.3 shows that average MAPE is 13% for new wetting factor correlation which is better

than previous correlation.

4.2 Results and Discussion for Absorption Study

Selection of experimental parameter has been discussed in section 3.5.1. Experimentation is
done on the setup with varying in operating parameter such as solutionflowrate, inlet desiccant
temperature, inlet air humidity. For evaluating the effect of each independent parameter on the
system performance, one of the parameters is varied, while others are kept constant. Three or
four independent sets of readings have been taken for each individual parameter in order to

understand its effect on performance of the system.

4.2.1 Performance Index

The performance of the absorption depends on the following factor:
1. Maximum possible contact between liquid and air.

2. Efficient heat transfer.

This abowve factor can achieved in a falling film absorber in which both gas to be absorbed and
absorbing liquid flow downward. The liquid flows at such a rate that the surface do not flow
full of the liquid but instead, run down by gravity along the surface as a thin film. This produces
a much greater linear velocity for a given flow rate than could be obtained in packed tower

absorber.
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Effectiveness ofabsorptionis mostcommonlystudiedas performance index of the absorption.
It is the ratio of the actual change in the moisture content of air taking place in the desiccant-
air contacting equipment to the maximum possible change in the moisture content at given

operating conditions [6].

__ (Wa,in—Wa,out)
(Wa,in—Wa,eq)

Wa, in= Moisture content inair initially
Wa, out= Moisture removal from air during process

Wa, eq = Moisture at equilibrium condition for an insulated absorber, the maximum possible
difference inhumidity ratio of air is obtained when air is in equilibriumwith the inlet desiccant
solution, i.e. when the partial pressure of water in the air is equal to the vapour pressure of the

inlet desiccant solution and the driving force for mass transfer is zero.

Psol

Weq - 0'622P—Psol

Where Psol is vapour pressure of solutionwhich is the function of solution concentration and
temperature. Psol increases with increase insolution temperature and decreases with increase
in solution concentration.

Absorption rate of absorber gives the transfer of more vapour as possible from inlet air to the
desiccant solution. Absorption rate is used to determine the amount of vapour removed from

inletair in an absorber is given as below.

Mgps = Mg (AW)

Where AW = ABS(W, i, — W, oyt) 1S Change in absolute air humidity and m , is air flowrate.
4.2.2 Performance Analysis of Absorption

(1) Effect of Desiccant Flow Rate

The mass flow rate of liquid desiccant is varied by changing the set value on the rota meter. It

can be seenfrom figure 4.5 (a), (b) and(c) that change in specific humidity, dehumidification
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effectiveness and absorption rate increase as the mass flow rate of liquid desiccant increased.
High solution flow rate ensures good contact between the air and liquid desiccant and also
increases the heat and mass transfer coefficients due to increase inwetting of surface. Higher
solution flow rate also helps in maintaining low equilibrium vapour pressure of solution
throughout the absorber, which improves the overall mass transfer and change in specific

humidity occurring inside the absorber. Therefore, the performance of the system improves.
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Fig. 4.5 Effect of the mass flow rate of the liquid desiccant on (a) Change inspecific
humidity (b) Dehumidification effectiveness (c) Absorption rate

(2) Effect of Desiccant Temperature

The inlet temperature of the solutionis increased by heating the liquid desiccantsolutioninside
the storage tank. As the liquid desiccant inlet temperature is increased, the change in specific
humidity, dehumidification effectiveness and absorption rate of air decrease. In general,
equilibrium vapour pressure of the liquid desiccant increases with increase in its temperature;
it reduces the overall mass transfer occurring inside the absorber. Therefore, rate of moisture
transfer and change in specific humidity decrease with increase in inlet solution temperature.
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(3)Effect of Inlet specific humidity
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It isnoticedfromfigure 4.7 (a), (b) and (c) that as the inletspecific humidityof air is increased,
change in specific humidity, Dehumidification effectiveness and moisture removal rate of air

41



increases. The above trend can be attributed to the fact that as the inlet specific humidity of air

increases, it increases the potential of mass transfer.
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Chapter 5 Conclusions and Future Scope

The main objective of the present work was to dewvelop highly wetted polypropylene plate for
liquid desiccant application, to develop correlation for vertically grooved plates, fabrication of
falling film tower and absorption study. The issue of carry over and corrosion, commonly
associated with liquid desiccant systems were removed by replacing metallic surface with the
polymer (polypropylene) due to inert nature toward desiccant. Following conclusion has been
drawn from the experimental study.

5.1 Conclusions from Wetting Experiments

1. The plate surface with 3mm groove width shows consistent performance at low and high

flow rate.

2. Awerage wetting factor for plate having 3mm groove width is 26.31% and 8.4 % higher

than plates having groove width 2mm and 4mm respectively.
3. The proposed correlation shows superior performance as compared to previous model and

it predicts the current datasets with MAPE of 13%.

5.2 Conclusions from Absorption Study

1. The modified plate shows superior performance for all parameters in the studied range, the
average increment in absorption rate for change in mass flow rate, change in solution

temperature and change in specific humidity is 55%, 68% and 88% respectively.

2. Out of analyzed parameters, mass flow rate of solution shows noteworthy impact on

moisture effectiveness.

3. The study is useful for designing liquid desiccant system operating at low flow rate
conditions.

5.3 Future Scope

1. Needto identify the noncorrosive desiccant.
2. Incomplete wetting of the contact surfaces degrades the performance of system thus finding

of good contacting surface with high surface energy and good thermal property is necessary.
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