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ABSTRACT KEYWORDS
The humidification and dehumidification technique is an interesting one Desalination;
adopted for production of fresh water when the demand is centralized. This Humi (.jn‘.| gat| on;
technique presents several advantages such as flexibility in capacity, Dehumidification;
installation and operating costs. Feasibility of the process can be justified Fresh water production.

economically because of the requirement of low heat energy by the process
which can be obtained from various alternative energy sources like
geothermal, solar, wind etc.

The present work is a study of both theoretical and experimental approach
to desalination with humidification and dehumidification whichisapromising
technique of production of fresh water at small scale (few liters/hr). A general
model based on heat and mass transfer balances in each component of the
system was developed and used to optimize the system’s characteristics.
The production of fresh water depends on the ratio between the salt water
and the air mass flow rates. In this paper it is discussed that, if theratio is
continuously adjusted for optimum performance, it is possible to produce
some quantity of fresh water daily per square meter of chamber surface on
atypical time. The performances for open and closed air loop systems are
presented.

The installation consists of two compact units containing a closed loop
whichisan air cycle and the other isan open loop in which the air istaken
fromthe atmosphere and heated. Air is heated and passed through sprinkled
raw hot water chamber counter currently (humidifier), so that the air
humidifies and the water vapour along with non-condensable air is
dehumidified. Further it is passed through a refrigerator and condensed to
recover fresh water. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION on the devel opment and progress of mankind. But, to-

day there is an acute dearth in the water resources.

Water, known astheuniversal solventisaveryvitd  Almost twothirdsof therainwater initstransit travels
commodity for the sustenance of human activitiesand through theearth rendering itself brackish. Soaspecid
astheimmortal of nature. Water hasadeep influence techniquethat isbased on the production of freshwa
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ter usng humidification and dehumidificationisused for
making thewater potable.

Desdinationrefersto aprocesswheresat water is
converted tofresh or drinkablewater. Different methods
used for thispurposeare Multi stageflash distillation,
multipleeffect distillation, vapour compressiondistilla
tion, ectrodialyss, reverseosmos's, freezing, solar hu-
midificationand membranedistillation. Each processhas
itsown advantagesand disadvantagesasdiscussed | ater.

In nature, desalination occurs by water cycle.
Evaporation of water from the surface of the seaand
from the surfaces of water bodies on the earth takes
placeusing solar energy, formasclouds. Therainfrom
thecloudsfallspartly on seaand partly on earth. Asit
movesover and through theearthit dissolvesmineras
and other materids, becoming sdty. Duringitstrangtto
the seaapart of the water isevaporated by sun’s en-
ergy. Thisevaporated water leavesbehind thesdtsand
theresulting water vapour forms clouds, which pro-
ducerain, continuingthecycle.

Inthis present projectsaretried to mimic thisnatu-
ral cydeby usngahumidification and dehumidification
cycleinboth themodels. The present model sare used
to takeinput as both raw water and salinewater. The
main obyjectives of devel oping the closed cycle model
and open cyclemodd isto heat theunsaturated air us-
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ingar heater and humidify theair making contact with
raw water, later dehumidify the condensable water
vapour by passing through arefrigerated cold surface,
findly recovering thefresh water.

It wasfound that the performanceof thesystemwas
strongly dependent on thetemperatureof inlet salt water
tothehumidifier, themassflow rate of sdt water, andthe
massflow rateof theprocessair. Thereexisted an opti-
mum rotati on speed for thefan correspondingto anop-
timum massflow rateof air with repect to both thermal
efficiency and water production. The unit worked per-
fectly and thethermdl efficiency wasabove 80%. Other
low-grade hest resources such aswaste heat canaso be
utilized todrivethedesalination process. It wasexpected
that theunit would beof greet potentid for useindesdli-
nationinaridareasandisolatedidands.

MATERIALSAND METHOD

Closed loop system

Desdlination of Water usng humidification & De-
humidification Techniquesisan experimental analyss.
Themarineor surfacewater istakeninthetank and air
was circul ated throughout the system asshown infig-
ure bel ow. The system was equi pped with humidifier,
dehumidifier, compressor, pump, spray chamber,
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Figurel: Diagram of closed loop system
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Sprayer, cails, forced fan, induced fan and valves, elec-
tric power. Initidly, inthesystem, air was passed through
thehumidifier by theinduced draft fan and heated with
the help of hot coil continuously, and thenthe hot air
was passed through the humidification / spray cham-
ber. Here the sprayer which was sprayed the water
from top to bottom, the hot air was passed from bot-
tomto topin the humidification chamber, meansitisa
counter current flow. Inthe humidification chamber the
hot air flowsin counter current and contact with sprayed
water flow, thenthe masstransfer istaking place be-
tween them. Then water phase changed to vapor phase

q‘“‘ humidfier Te
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partidly, then remainingwater flowsdown.

Thewater vapor humid air ispassed through con-
denser / dehumidifier and condensed on the cooling
surfacein dehumidifier chamber. Thenthe purewater
collectsfrom the bottom of the U-tube. Here, themain
concept of thistechnology has been to design of the
humidifier and dehumidifier to improvetheheat and
masstransfer ratesby increasing thegasliquid contact
areaand achievemulti sageeffect. Thesetechnologies
aremainly classified asclosed air cycle, closed water
cycle systems, and therefrigeration cyclefor absorp-
tion and rg ection of heat asshowninfigure 1.
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Open loop system

Desdlination of Water usng humidification & De-
humidification Techniquesisan experimental andysis.
Themarineor surfacewater istakeninthetank andair
wascirculated from theatmospherethrough the system
asshowninfigure below. The system was equipped
with humidifier, dehumidifier, blower, compressor, pump,
spray chamber, sprayer, coils, and valves, electric
power. Initially, inthe system, air was passed through
the humidifier by theinduced draft fan and heated with
the help of hot coil continuously, and thenthe hot air
was passed through the humidification / spray cham-
ber. Here the sprayer which was sprayed the water
from top to bottom, the hot air was passed from bot-
tomtotopin the humidification chamber, meansitisa
counter current flow. In the humidification chamber the
hot air flowsin counter current and contact with sprayed
water flow, then the masstransfer istaking place be-
tween them. Then water phase changed to vapor phase
partidly, then remaining water flowsdown. Thewater
vapor humid air is passed through condenser / dehu-
midifier and condensed on the cooling surfacein de-
humidifier chamber. Thenthepurewater collectsfrom

the bottom of the U-tube. Here, the main concept of
thistechnol ogy hasbeen to design of the humidifier and
dehumidifier toimprovetheheat and masstrandfer rates
by increasing the gasliquid contact areaand achieve
multi sageeffect. Thesetechnologiesaremainly class-
fied as closed air cycle and closed water cycle sys-
tems. And in the other case aso considered that the
open cycleof air flow and closed cycle of water flow.
Humidifier:

Materia of congtruction =PVC

Air blower, ID =8cm
Connection pipeof air blower, ID =7cm

heater pipe, ID =10.5cm

Length of theair heater zone =60cm (Copper)
Height of humidifier column =76.5cm

Inner diameter of humidifier =15.5cm

A humidifier hasbeen provided wherean unsatur-
ated hot air issent andtheair ishumidified by making
contact with sprinkling raw water in counter- current
fashion. Theair ismaintained at specifictemperature
using air heater and unsaturated air issent through hu-
midifier and made saturated.

Dehumidification:
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1-blower, 2-air inlet flow, 3- air heater, 4-electric plugin, 5-humidifier, 6-water sprinkle, 7-raw water tank, 8-pump, 9-air carrier,
10 -dehumidifier, 11-refrigirator coil surface, 12-compressor, 13-treated water.

Figure?2: Schematic diagram of open loop system

Materia of congtruction = Copper coil
Length of Copper coil =400cm (4meters)
Capillary tubelength =304.8cm
Capillary diameter =0.5cm

Helght of humidifiercolumn =90 cm (PVC)
Inner diameter of humidifier ~ =10.5cm

Dehumidificationisthetechniqueinwhich saturated
comesin contact with acool surfacewherethe excess
moi sture present intheair corresponding to saturation
at that particul ar temperature gets condensed.

The above two principles are used to desalinate
water. An experimental set up has been fabricated to
produce pure water. Inthe present processtheraw tap
water contact with hested air inahumidifier wheremass
transfer takesplacefrom water phaseto vapour phase.
When the humid air subjected to cooling which results
in condensation of water.

Humidity influenceon air temperature

Humidity isdefined asthe amount of moisturein
theair. Air containsacertain amount of water vapour.
Theamount of water vapour any massof air can con-
tain dependson thetemperature of theair: thewarmer
theair is, the more water it can hold. A low relative
humidity meansthat theair isdry and could hold alot

more moistureat that temperature.
For example,

At20°C (68°F), 1 m?of ar can hold amaximum of
18 gramsof water.

At 25°C (77°F), Im3of air can hold amaximum of
22 grams of water.

At0°C (32°F), 1 m3of ar can hold amaximum of
5 gramsof water.

Aboveconditionsshowsrdativehumidity is100%,
if it contains 11 gramsof water, therelative humidity is
50%, if O gramsof water, relative humidity is0%.

Formulasand mode calculations

Humid volume: The humidvolumeVH isdefined
asthevolumeof unit massof “dry’ air with accompany-
ing water vapor at given temperature and pressure. If
Y’ is the absolute humidity of a sample of air at atmo-
spheric pressureand temperature T1°K.

Humid volume can be cal culated from thefol low-
ing equation assuming ideal gas behavior (volume of
1Kmol of agasat 1atm and 0 °C=22.4m?3).

VH =[1/28.97 +Y2/18.02] x22.4x [(T1+273)/
273],inm? per kgdry air.

Humid heat: Thehumid heat CH isthe heat energy
required to thetemperature of unit massof dry air with
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the accompanying water vapor by onedegree. At ordi-
nary temperatureand pressure hest capacity of dry air,
water vapor may be 1.005kJkg’k, 1.88kJkg°k. Hu-
midity of asampleof moistairisY”, it can be calculated
fromfollowing equation. CH=1.005+1.88Y", inkJ/

(kgdry air) (k)
Enthalpy

Enthal py of asample of air appearsin the energy
bal ance equation of water cooling and many smilar op-
erations. Itisexpressed on thebasisof unit massof dry
air. Thusthestatement “the enthalpy of the sample of
arisH’ kJ/kg” means that 1kg of dry air with accom-
panying water vapour has aheat content of H’ kJ with
means respect to the specified reference states of air
and water. An equation for the cal cul ation of enthal py
of stream of moist air at 1atm pressureand of humidity
y’ and temperature T1 is given below. It is assumed
that y” kg water is vaporized at reference temperature
(T°C) and mixed with 1kg of dry air at sametempera-
ture, T°C, to get (1+yx) kgmoist air. If A is the latent
heet of vaporization of water at thereferencetempera:
ture, theenthalpy isgivenas

H =y A + CH(TLT)

(Entha py) (Latent heet) (Sensible hesat)

Where CH isthehumid heat of theair.

If the reference temperature is 0°C, we take
A=2500kJ/kg; so the enthalpy is

H>=2500y’+(1.005+1.88 Y’) (T1-T), in kJ per
kgdry air, thebasisof aboveequationisschematicaly
shown below

Samplecalculation

Atdry bulbtemperature(T1) = 50°C (323.15°%)
Wet bulb temperature (T) = 23.5°C (296.5%)
Absolute humidity(Y ) = 0.01

Humidvolume(VH): Humidvolumecanbecal cu-
lated fromformula
VH=[1/28.97 +Y2/18.02] x22.4x [(T1+273)/273]
VH=[1/28.97 + 0.01/18.02] x22.4x [(50s+273)/273]
=>VH =0.930m%kgdry air.
Humid heet (CH): Humid volumecan becd culated from
formula
CH=1.005+1.88Y", in kJ/ (kg dry air) (k)
CH=1.005+1.88(0.01) => CH = 1.0238 kJ/ (kg dry
air) (k)
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Entha py: Anequationfor theca culation of enthapy is
H =2500y’+ (1.005+1.88Y”) (T1-T), inkJ perkg
dryarr

H =2500(0.01) + (1.005+1.88 x0.01) (50-35) =>
H2’=39.166 kJ per kg dry air.

Practical observation

Influence of wet bulb depression on relative hu-
midity at variousdry bulb temperatures

Atdry bulbtemperature(T,) = 50°C (323.15°)
Wet bulb temperature (T) = 23.5°C (296.5%)
Absolutehumidity(Y ) = 0.01

Wet bulb depression = 50°C - 23.50°C =
26.5°C

The above observation of wet bulb depressionis
obtained whenthe processisrun at 50°C dry bulb tem-
peréture.

CONCLUSION

The present open loop method of water desalina-
tion produced pure 100 ml of water in 10 minuteswhen
maintained theair flow rate=4.318m%hr, Room temp.
= 25°C, Water flow rate = 0.3272 m?/hr. The present
model isused for the production of fresh water taking
raw tap water asinput inthe humidifier and made con-
tact with hot air. Raw tap water can be replaced with
the saline water in order to make potable water. The
present system of humidification and dehumidification
technique of fresh water production can be used for
desalination process. It can bereplaced with the other
contemporary methods, a so scale up the present model
toimprovetheefficiency in near future. Thistechnique
presents several advantages such asflexibility inca
pacity, moderateinstallation and operating costs, Sm-
plicity, possibility of using low temperatureand low en-
ergy (geothermal, solar, recovered energy or cogen-
eration), etc.
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