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ABSTRACT:

Now a days India to facing problem of water
shortage hence it is necessary to find the other ways to
achieve water. Atmospheric water generation (AWG) is
the one of the process which is under experimentation
by the scientist around the world. In this dissertation
report AWG is developed based on Vapor Compression
cycle (VCC). Efforts are put on condensation of
maximum moisture in air by enhancing the
performance of VCC by employing subcooling using
water cooled condenser. And it is observed that it is
possible to produce large amount of water if systemd
enlarged by size. Though the system running g

consumption to cool the air and heat the wa
different purposes. Average range of 700 to 1600
water generated running the systg

Subcooling improves the
by increasing the perfoy

average
is concern.
entering in the
e in deciding the
air, it is found that
at 4-6 m/sec of air ximum water collection
is take place.
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I. INTRODUCTION:

An atmospheric water generator (AWG) is a device that
extracts water from humid ambient air. Water vapour in
the air is condensed by cooling the air below its dew point,
exposing the air to desiccants, or pressurizing the air.
Unlike a dehumidifier, an AWG is designed to render
the water potable. AWGs are useful where pure drinking

btain, because there is
unt of water in the air that can

water is difficult or impo
almost always a small

ssive, relying on

iring no external

work is mentioned in this
on for the same amount of

speed is high then water droplets formed may get flown
away with water or at very slow speed evaporator work
go waste without producing much water because of
air supplied.
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Fig.1 Schematic Diagram of EWG Using Electricity

Hence this paper focuses on the following objectives, 1.
To extract Atmospheric Water Generation using Vapor
Compression System because this is more efficient
refrigeration system. 2. Increase the performance of
system by sub-cooling of refrigerant in condenser. 3. Use of
the air from the evaporator for cooling or conditioning. 4.
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Enhance the generation of water by controlling the speed
of air entering in the evaporator.

Magrini A. and all, (2015), worked on “Integrated
systems for air conditioning and production of drinking
water - Preliminary considerations” in this paper
preliminary investigation on a design of an integrated
HVAC system for the air conditioning of a hotel combined
with water production is presented. The preliminary
calculations show that the produced water could be
efficiently used to produce drinking water [1]. Abdulghani
A. Al-Farayedhi and all, (2014) worked on “Condensate as
a water source from vapor compression systems in hot and
humid regions” in this paper, analytical and experimental
investigations in determining the condensate from a vapor
compression air conditioning system as an additional
water source are presented. The condensate is dominantly
affected by the air humidity and temperature. [2]. S.A.
Nada and all, (2015), worked on “Performance analysis of
proposed hybrid air conditioning and humidification-
dehumidification systems for energy saving and water
production in hot and dry climatic regions”, the proposed
systems aim to energy saving and systems utilization j
fresh water production. The results show that (i) thg
water production rates of the proposed systemggiifcrease
with increasing fresh air ratio, supply air temp

evaporative

air wet bulb temperature, (iii)
i y increases

cooling after the fresh air
water production rate,
recovery in the air condj

. Collecting dew is
air, however, the
restricted by the
e and all, (2014), worked
on “A proposed subcooli thod for vapor compression
refrigeration cycle based gfi expansion power recovery”. In
a main refrigeration cycle, expander output power is
employed to drive a compressor of the auxiliary subcooling
cycle, and refrigerant at the outlet of condenser is
subcooled by the evaporative cooler, which makes the
hybrid system get much higher COP [5]. Gustavo Pottker
and Pega Hrnjak, (2014), worked on “Effect of the
condenser subcooling on the performance of vapor
compression systems”. It is shown that, as condenser
subcooling increases, the COP reaches a maximum as a

result of a trade-off between increasing refrigerating effect
and specific compression work [6]. Margarita Castillo-
Tellez et all worked on “Experimental study on the air
velocity effect on the efficiency and fresh water production
in a forced convective double slope solar still”. It is shown
that the fresh water production in single and double slope
solar stills (DSSS) depends on the rates of simultaneous
processes of evaporation and condensation, where optical

material properties, solar irra- diance, temperature,
velocity and air direction andghe operating mode, natural
or forced convection, olved. Experimentally

demonstrated that the
increment when the

mal efficiency and production
ocity increases up to the value

utilizes receiver and an
n valve, is used to provide

optimal sub hanges with operating conditions

0.0012 kg 0.0048 kg 1kg

5kg 2kg 518.13 kg

I1. DESIGN OF SYSTEM:

Design and Selection of Components: At DBT=260 C &
RH= 46% [9]. We get dew point temperature =13.49° C.
Specific humidity = 0.012 kg of water/kg of dry air.

TABLE I Calculation for amount of dry air Table Styles

Specific humidity = Amount of water present in air
1 kg of dry air

By taking references from Research papers,[9]

Extraction efficiency = 40%

Water to be extracted = 2 liter.

For 2 liters of water extraction we require 5 kg of water to
be present in air.

For this 518.13 kg of air is required

Qair= 518.13/1.77 = 440.21/(24 x 60 x60) = 5.09 x 10-3
m3/sec.
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A. EVAPORATOR DESIGN:

Q.ir = Face area x Velocity of fresh air

5.09x 103 =Faceareax0.1

Average velocity of air measured inside room using
Anemometer = 0.1 m/sec, Face area = 0.0509 mz2.
Evaporator of such area available in market is [23 x 23]
cm? fin and tube type evaporator. Thus face area of
evaporator = 0.0529 m2.

B. COMPRESSOR DESIGN:
Refrigeration effect

= m,Cp, dT + mw. L (D
= 518.13x1.005x (26-17) + 2x2260

24x60x 60 24x60x60
=106.49 W

From LG compressor catalogue for Cooling capacity of
106.5 W Compressor with cooling capacity of 107W is
available MA42LP]G.

C. CONDENSER DESIGN:
Here we are using water sub cooled condenser for
minimizing size and to increase the performance.
Nusselt No., Nu=hgLc

K
Ra=GrxP
Gr=D3x9?x gx ATxf3
2

It is assumed that water enters at

Pr=4.356

1S

K=10.6287 W/m.K, hencé
From P-h table for refriggfa
Temp of condenser = 520C, Outlet to compressor = 60°C
Inlet to compressor = 21°C, Suction pressure = 6.0 bar
Discharge pressure =14.0 bar absolute pressure.

From P-h chart,

h1 =410 kJ/kg, h4 = 275 k] /kg

Cooling capacity = m, (hi-hs) 107
x 103 = m, (410 - 275) (from LG electronics)

mr=7.92 x 104 kg/sec

Q=m;/Q =7.27x107 m3/sec

From property table of R134a at 520C
Q = Density of refrigerant in liquid state = 1092.7 kg/m3
p= Dynamic Viscosity = 138.9 x 10-¢ Pa.s
Cp=1.5832 KJ/KgK,K=70.11x10-3W/m.K
Q=AxYV, Velocity = 0.0229 m/sec.
We have, Reynolds number (Re) =9V D/
=1144.73 < 2000 Therefore flow is laminar,
For laminar flow, Nu = 4.363
Nu=h;Lc (hiiquia=68.9 W/m? K
K
m,=7.92x 10*kg/secQ =
From property table of

4a at 52°C
apour state = 70.204 kg/m3

22)/2=1025.371 W/mzK
o, hence, U = 780.64 W/m2 K

in cm); ConsideT water is filled up to 22 cm height, thus
ass of water, Mw = ¢ x Volume = 14.3055 kg.

is 14.3055 kg of water is heated for one hour for

fiture rise of 26 to 48°C. We know that,

absorbed by water = Heat rejected by refrigerant
wX Cow X (T2-T1) = U A AT

A =0.058 m?

Hence a condenser coil of about 0.058 m?2is manufactured
d=6.35x103m

Deciding the length and turns of coil

A=0.058m? 0.14=ndL

Therefore L = 2.93 m, Approximately L=3.0 m. Consider
coil diameter D = 22cm

nDxN=L; N=4.25, Approximately N = 5 For condenser,
0.D of tube (do) =6.35x 103 m

L.D of tube (di) = 3.64 x 103 m

Coil diameter D = 22 cm; Length of coil = 3.0 m.

III. RESULTS OF DESIGN OF SYSTEM:

From the above design calculations we have
selected the a result of
Refrigeration system available easily in market whose

standard components as

specifications approaches the calculated values in above
section for the ease of experiments. The following
components of the Vapor Compression system as a result
which are tabulated below,
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A. COMPRESSOR:
TABLE II- SELECTION ON THE BASE OF DESIGN OF COMPRESSOR

Product Compressor
Model MA42LP]G-Hermatically sealed.
Net weight 8.1 kg
Input wattage 96W
Voltage/Frequency 220V/50HZ,1PH

Manufactured By LG Electronics India Pvt. Ltd.
Cooling Capacity(HP) 1/7

EER(Btu/W.h) 3.8

Suction pressure 0.5bar

Discharge pressure 12-14bar

B. EXPANSION VALVE:

TABLE I1I SELECTION ON THE BASE OF DESIGN OF EXPANSION VALVE

Product Expansion device

Type of Expansion device | Constant restriction type-Capillary tube

Capillary length 1.59m
Capillary diameter(ID) 0.80mm
Capillary material Copper

C. EVAPORATOR:

TABLE IV- SELECTION ON THE BASE OF D& §
Product

EVAPORATOR
orator

Type

Tube material

Tube diameter (OD)

Tube arrangement

Type of fin

Fin material

Face area (L x 24
Number of rows
Overall dimensions i 23x24x95

IV. EXPERIMENTAL SET UP:

—+— Amount of condensate
ml

—— Fan speed of

evaporator m/sec

igure 3 Effect of evaporator fan speed on condensate

collection

aph shows that rate of condensate and flow rate of air.
praph shows that rate of condensation is increases with
flow rate up to 4 m/s and after that it will be slight
decrement is shows in it. When flow rate is 0 m/s then no
condensate is collected it means the surrounding moisture
in air formed the ice around the evaporator tube. But as
the flow rate increases beyond 2 m/s water condensation
starts gradually. From the above graph it is observed that

the maximum condensate is collected at the flow rate of 3.8

m/s. Hence all the trials of the system carried out on 3.0

m/s of flow rate.

D. CONDENSER:
TABLE V SELECTION ON BASE OF DESIGN OF CONDENSER
(WATER COOLED CONDENSER)

Product Condenser

Type Shell and coil

Shell material Stainless steel

Shell Dimensions (L x B x H) in cm 25.5x25.5x 30

Number of turns of coil 9

Tube material Copper
Coolant in shell Water
Tube diameter (OD) 1/4”
Coil diameter 22cm

QWC (ml) Vs Time (Hour)

M

=R W

B
coodSD
L

Quantity of Water
Collected (ml)

7amto8am

8amto9 am

9am to 10.

10 amto..

llamto 12..

—m=(ml)

12 pmto 1.
l1pmto2pm
2pmto3..
3pmio4.
4 pmto 5.
S5pmto6.
6pmto 7.
7pmto8.
8pmto 9pm

Time (Hour)

Figure 4 Variation of condensate collection for the span of
entire day (System without Subcooling)
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Experiment was conducted for the complete month the family of 4-5 mebers. (it is generally observed that

of January 2017. Reading of the water condensate collected commonly used household air conditioner of 1.2-1.5 tonne

for every hour from 7:00 hour to 21:00 hour was noted. with 1200W compressor potential collects 5 liters of

The amount of condensate collected shown in details as moisture to dehumidified the room in 30 minutes after
sample in above graphs. The experimental hourly rates of  strting it in summer days.)

condensate extraction for typical dry days of January. It is 2. Water condensate collection shows that during morning

observed that the condensate yield is more during the and evening more exraction of water occurs than in

morning, then falls down in afternoon and again increases afternoon, hence it is further concluded that during night

in evening. It is also observed that the maximum hourly  time it will give more water than day time as the ambient

condensate yield occurs during 7.00 temperature is lower during paght than day. Hence system

QWC (ml) Vs Time (Hour)

3. Simulation results sh that COP of subcooled system is
d system by 12.4% hence if

[ g e N e R |
(=l el Yl
1

Quantity of Water
Collected (mlL.)

2 — tions now a days
EEEEEE‘EEEEEEEET QWC . air from the
BSEEEEEESSSESE oses effectively
%Egaggigg_g_gggg than atmospheric
"R 2T Amswon itional cost of cooling

Time (hour) . ystem is hot water from

more temperature
erence is average 4
to 5 degree Celsius. extra heat transfer facilitates
more condensation in t time of interval.
Hence performance by th§”system is increases and more
output at same energy consumption occurs in the form of

condensate.

VI. CONCLUSION:
From results and discussions it can be concluded that,
1. Average 1600 ml of water is generated from this system
with the compressor of capacity 107W, hence if the system
is enlarged by its size or capacity it will give about 20-25
litres of water per day which is sufficient for drinking for
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2)

3)

4)

5)

TABLE X HOURLY CONDENSATE EXTRACTION OF JANUARY 2017

Time '.'-’am-Bam‘ Bam | Gam ‘ 10am ‘ 11am ‘ 12am 13am :lﬂiam-lEam‘ 15am | 16am | 17am 18am 1%am 20am
-Bam | -10am -1lam | -12am -13am -1ld4zm -léam | -17am | -18am -1%am -20zam -21lam
Date Water volume collected in mililitre
01/01/2017 220 142 12e 145 100 £c t2 co [ 40 [+ 71 oo 105
02,/01,/2017 221.2 186 187.2 146.2 101.2 662 53.2 &0.2 55.2 49.2 53.2 7.2 9.2 106.2
03/01/2017 255 |1872| 1mm4 1474 | 1024 £74 cad 614 ced S04 c4.4 73.4 90.4 107.4
04/01/2017 256.2 188.4 18%.6 148.6 103.6 BE.6 55.6 6.6 57.6 516 5h.6 746 916 108.6
05,/01/2017 2574 |1gs.6| 1oos 14082 | 1o04g £9.2 562 £3.8 cEg 522 SE2 7E.2 828 109.2
06/01/2017 258.6 | 1808 132 151 106 71 58 65
07/01/2017 2ER.Z 183 i8¢ 1E2.2 107.2 73.2 E3.2 £E.2
08/01/2017 261 193.2 197.2 153.4 1084 62.5 &0.4 67.4
02/01/2017 2622|1944 | 1704 1546 | 1096 63.7 GLG GG
10/01/2017 263.4 155.6 15959.6 155.8 110.8 &4.9 62.8 65.8
11/01/2017 2e46 | 201 200.0 157 112 Gl o4 71
12/01/2017 265.8 | 2022 202 158.2 113.2 &67.3
13/01/2017 267 203.4 203.2 159.4 1144 68.5
14/01/2017 222 204.6 2044 160.6 1156 63.7
L 2232 2Ub.8 2Ub.b
224 .4 207 189
225.6 208.2 190.2
226.8 105 191.4
228 106.2 192.6
2292 |1074 1938
2304 | 1086 156.8
2316 | 1098 158
232.8 111 159.2
234 112.2 160.4
235.2 1134 161.6
! 236.4 1146 162.8
27/01/2017 2376 1158 164
238.8 117 165.2
234 118.2 166.4
2352 |119.4 167.6
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