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Abstract - Water being the most essential element of 

the planet, ironically available in plenty but available in 

scarce. Fresh water availability and its demand among 

people have seen great changes in the graph globally, 

but always in opposite directions. The Atmospheric 

Water Generator (AWG) is one of the alternative 

solution for fresh water recovery from atmosphere 

which directly condenses the moisture content of water 

vapour from the air. The aim of this paper is to present 

the method to develop a prototype setup of an AWG that 

meets the requirement of increasing demand of water 

consumption in the society, by making an Atmospheric 

Water Generator inside a vehicle based on engine’s 

cooling system while considering environment and its 

conditions. Using waste heat from the engine as source 

to generate water makes it environment-friendly. Creo 

parametric 3.0 has been used for designing the 

prototype & Ansys fluent for the analysis of various 

conditional changes taking place inside the prototype. 

Objective behind is to contribute with a little 

establishment of balance between need and availability 

of water in society.  
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1. INTRODUCTION 

In humid areas with water shortage due to lack of 

rainfall we can obtain water by condensing the water 

vapour in air. Our AWG prototype converts 

atmospheric moisture into drinking water form by 

condensing the latent heat of water vapour into water 

droplets. In India there are many places which are 

situated in temperate region; there are desert, rain forest 

areas and even flooded areas where atmospheric 

humidity is eminent. But resources of water are limited. 

Using an AWG for overcoming water shortage problem 

is the best solution to this. But using AWG`s have major 

drawbacks too. Firstly, their limit to area i.e. most of the 

AWG`s are immobile or stationary which needs to be 

installed at a place with favourable humid conditions. 

Secondly, it requires enormous power requirement to 

maintain the temperature inside the device up to the dew 

point temperature. To overcome this problems we need 

a device which have great environment adaptability and 

is mobile, and secondly consumes minimum power and 

give higher output. Our AWG focuses on to develop a 

device which fulfils all these requirements. It is based 

on an AWG that is placed inside the engine 

compartment of a vehicle which makes it mobile with 

respect to the surroundings and works on the principle 

of water generation from atmospheric air using engine`s 

coolant heat. Which turns the waste heat which gets 

dissipated into the atmosphere through radiator; 

productive and useful. 
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2. METHODOLOGICAL APPROACH 

Our AWG’s area of implementation is on cooling 

system of engine, inside engine’s compartment of a four 

wheeler vehicle. There might be a question arising that 

what’s the need of implementing AWG concept in 

cooling system of engine inside a vehicle. For 

understanding that we need to first know about the 

cooling system of an automobile engine. The most 

prevailing type of cooling system found in four wheeler 

vehicles and which is of our interest is Forced 

Circulation Water Cooling System. This system is 

similar in construction to the Thermo-syphon system 

except that it makes use of a Centrifugal pump to 

circulate the water throughout the water jackets and 

radiator. The water flows from the lower portion of the 

radiator to the water jacket of the engine through the 

centrifugal pump. After the circulation water comes 

back to the radiator, it loses its heat by the process of 

radiation. This system is employed in cars, trucks, 

tractors, etc. 

Modern AWGs which works on condensation principle 

uses various equipment like condenser, compressor and 

other usages to create required condensing environment 

for producing water [5]. And as we know there is a 

phase of coolant flow where when the temperature of 

engine rise above the optimum temperature or we can 

say the temperature of coolant rises above the optimum 

temperature by absorbing engine`s heat ; it passes from 

the thermostat valve to the radiator through hose pipe 

and the heat gets dissipated. The idea behind our AWG 

is to use the hot coolant’s heat before its dissipation in 

raising the ambient air temperature & simultaneously 

use the cool coolant to bring down the heated air’s 

temperature to its new dew point temperature. This 

results in formation of liquid droplets, & the liquid 

droplets are collected in the reservoir through a filter. 

This eliminates the use of condenser, compressor or any 

other attachment for producing the water and utilizes the 

waste heat. Now the question arises that why we are 

heating the ambient air instead of cooling it. The reason 

lies in the basic understanding of humidity and dew 

point temperature. According to the research & 

calculations it has been observed that if we increase the 

temperature of air assuming the relative humidity 

constant, we observed that its dew point temperature 

rises. For example if the temperature of air is around 

30°C with 45% relative humidity, this gives out its dew 

point temperature to be 16.8°C. Now if we heat that air 

and bring its temperature up to 40°C assuming that its 

relative humidity remains constant, now its dew point 

rises up to temperature of 25.9°C. 

This shows that now if we want to turn the vapours 

present inside air into water droplets we do not need to 

cool it down to 16.8°C we just need to cool it down up 

to 25.9°C to get desired results. It is simply the 

conversion of the fact that instead of cooling it we 

applied same amount of energy in heating it to obtain 

the same results. But this phenomenon helps us since we 

do not have to perform any extra work to heat the air 

because we use the waste heat generated by engine 

which was after all get dissipated into the atmosphere 

through radiator.  

Area of implementation of our prototype is the hose 

pipe connecting the thermostat and radiator cap.  

While cooling down the engine to its optimum level for 

working, the coolant absorbs the cylinder heat and itself 

gets heated. As the thermostat valve opens the hot 

coolant flows from hose pipe to the radiator cap, after 

which it flows to radiator and heat gets dissipated into 

the atmosphere. Since the hose pipe is made up of hard 

rubber, which makes it a heat insulator, so we need to 

replace it by a good heat conductor pipe such as 

aluminium of same dimensions so that it can transfer 

heat from hot coolant to the incoming ambient air. The 

hot air rising being low in density rises up quickly and 

pass through a semi-permeable membrane. The 

Function of this membrane is to allow only water 

vapours to pass through it & blocks other particles like 

water. As the water vapours comes in contact with the 

wall they start to cool down & dew point temp. is 

achieved. Now the water droplets fall down due to 

gravity and gets collected in the reservoir after passing 

through filters to make it potable. 

 

 

 

Figure 01: Block Diagram of Working Procedure of Device 
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2.1. DESIGN APPROACH 

A number of CAD models of AWG were built on CREO 

PARAMETRIC 3.0, rebuild or refined through the 

simulation to get the appropriate model. The model 

shown in this paper is the best model selected for 

building the prototype and doing the experiments. 

 

 

 

(a)Transparent View of Device 

 

 

 

 

 

(b)Perspective view of Device 

 

 

 

(c)Section view of Device 

Figure 02: Design 

Note:  Inlet pipes for ambient air 

Exhaust pipes for dry air 

Inlet for Cool coolant 

Exhaust for Hot coolant 

Hot coolant hose pipe 

Water collector pipe 

 

 

 

2.2. CALCULATION AND ANALYSIS 

2.2.1.    Dew point temperature calculations 
The dew point is the saturation temperature for water in air. 

The dew point is associated with relative humidity. A high 

relative humidity implies that the dew point is closer to the 

current air temperature. Relative humidity of 100% indicates 

the dew point is equal to the current temperature and that the 

air is maximally saturated with water. When the moisture 

content remains constant and temperature increases, relative 

humidity decreases.  

This calculation forms an important part of this paper as this 

helps us to determine at temperature our device must be 

maintained in order to condense the humidity present in air at 

the given atmospheric condition.  

A well-known approximation used to calculate the dew point, 

Tdp, given just the actual ("dry bulb") air temperature, T and 

relative humidity (in percent), RH, is the Magnus formula[1]:  

 

γ(T,RH) =    ln(
𝑅𝐻

100
) +  

𝑏𝑇

𝑐+𝑇
 

 

Tdp =    
𝑐𝛾(𝑇,𝑅𝐻)

𝑏−𝛾(𝑇,𝑅𝐻)
                 

(Where, b = 17.67 & c = 243.50 °C and T is in °C) 

The above formulas is used to calculate the dew point 

temperature for different atmospheric conditions at which 

the device may be subjected to operate. With the help of 

Microsoft excel the operating parameters are calculated and 

tabulated.   

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

           Volume: 05 Issue: 10 | Oct - 2021                                                                                                    ISSN: 2582-3930                                                                                                                                               

 

© 2021, IJSREM      | www.ijsrem.com                                                                                                                              |   Page4 

Sample Calculations:  

(for DBT=35°C and RH=45%)  

 γ(35,45) = ln(
45

100
) + 

17.67 x 35

243.5 +35
  

         = 1.4221 

   

        Tdp  =  
243.5 x 1.4221

17.67−1.4221
  = 21.31°C 

 

 

The table for the dew point temperature calculation for 

different atmospheric conditions is as follows: 

Table-01: Dew point temperature calculations at 25°C and 

different relative humidity conditions 

    

 

 

 

Table-02: Dew point temperature calculations at 30°C and 

different relative humidity conditions 

  

 

 

Table-03: Dew point temperature calculations at 35°C and 

different relative humidity conditions 

  

 

 

Table-04: Dew point temperature calculations at 80°C and 

different relative humidity conditions 
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Table-05: Dew point temperature calculations at 85°C and 

different relative humidity conditions 

   

 

 

 

Table-06: Dew point temperature calculations at 90°C and 

different relative humidity conditions 

 

 

 

 

 

 

 

 

2.2.2. Amount of water (in L) present in 1m3 of 

air for different humidity and temperature 

conditions 

Saturation Pressure (Ps) is the pressure of a vapour which is 

in equilibrium with its liquid (as steam with water) i.e. the 

maximum pressure possible by water vapour at a given 

temperature. The saturation pressure of water at different 

atmospheric temperature is obtained from the commercially 

available steam tables. 

Air is a mixture of both air molecules and water molecules. 

Partial Pressure of water (Pw) is the pressure of water 

vapour present in a mixture of air and water vapour 

Relative Humidity (RH) is the ratio of partial pressure of 

water (Pw) to that of saturation pressure (Ps) i.e.  

 RH = 
𝑷𝒘

𝑃𝑠
 x 100 

Humidity Ratio gives the volume of water (in m3) present in 

1m3 of air. Humidity ratio can also be expressed in terms of 

partial pressure of water (Pw) as 

Humidity Ratio = .622 x 
𝑷𝒘

𝑷𝒂−𝑷𝒘
 

(Where Pa is the atmospheric pressure i.e. Pa=1.01325 bar)  

Humidity ratio gives the amount of water (in m3) present in 

1m3 of air. Also we know that 1m3 is equal to 1000 litres. 

Thus multiplying humidity ratio by 1000 gives the maximum 

amount of water (in litres) that is present in 1m3 of air. 

 

Sample Calculations: (For atmospheric temperature 30°C 

and relative humidity 50%)  

Saturation Pressure of water vapour (Pw) at 30°C is obtained 

from steam table as 0.04246 bar.  

Thus Partial pressure of water, 𝑃w 

= 
𝑅𝐻

100
×𝑃s= 

50

100
×0.04246 = 0.02123 bar  

Humidity Ratio = 0.622 × 
𝑃𝑤

𝑃𝑎−𝑃𝑤
  

= 
0.02123

1.01325−.02123
 = 0.01331129 

Therefore amount of water (in litres) present in 1m3 of 

atmospheric air  

= Humidity ratio×1000  
= 0.0133129×1000 = 13.3129 litres 

 

The amount of water present in 1m3 of air consisting of the 

above mentioned calculations for different atmospheric 

conditions are tabulated below: 
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Table-07: Amount of water which can be obtained by 

processing 1m3 of air at 25°C for various relative humidity 

 

 

 

 

Table-08: Amount of water which can be obtained by 

processing 1m3 of air at 30°C for various relative humidity 

 

 

 

 

Table-09: Amount of water which can be obtained by 

processing 1m3 of air at 35°C for various relative humidity 

 

 

Table-10: Amount of water which can be obtained by 

processing 1m3 of air at 80°C for various relative humidity 

 

 

 

 

Table-11: Amount of water which can be obtained by 

processing 1m3 of air at 85°C for various relative humidity 

 

 

 

 

Table-12: Amount of water which can be obtained by 

processing 1m3 of air at 90°C for various relative humidity 
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After the solution is converged the temperature and velocity 

profiles for various inlet and temperature conditions are 

plotted. The profiles are plotted for the mid plane and also for 

the total body. The results are displayed below: 

 

 

I. At inlet velocity 30kmph(8.33m/s) and inlet 

temperature 25°C 

 
(a). inner wall temperature (coolant temperature) 

is 80°C 

 

 

 
(b). inner wall temperature (coolant temperature) 

is 90°C 

Figure 03 

 

 

 

 

 

 

II. At inlet velocity 30kmph(8.33m/s) and inlet 

temperature 30°C 

 

(a). inner wall temperature (coolant temperature) 

is 80°C 

 

 
(b). inner wall temperature (coolant temperature) 

is 90°C 

Figure 04 

 

 

 

III. At inlet velocity 30kmph(8.33m/s) and inlet 

temperature 35°C 

 
(a). inner wall temperature (coolant temperature) 

is 80°C 
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(b). inner wall temperature (coolant temperature) 

is 90°C 

Figure 05 

 

 

 

IV. At inlet velocity 40kmph(11.11/s) and inlet 

temperature 25°C 

 
(a). inner wall temperature (coolant temperature) 

is 80°C 

 

 

(b). inner wall temperature (coolant temperature) 

is 90°C 

Figure 06 

V. At inlet velocity 40kmph(11.11/s) and inlet 

temperature 30°C 

 
(a). inner wall temperature (coolant temperature) 

is 80°C 

 

 
(b). inner wall temperature (coolant temperature) 

is 90°C 

        Figure 07 

 

 

 

VI. At inlet velocity 40kmph(11.11/s) and inlet 

temperature 35°C 

 
(a). inner wall temperature (coolant temperature) 

is 80°C 
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(b). inner wall temperature (coolant temperature) 

is 90°C 

Figure 08 

 

2.3.  RESULTS 

After carrying out various calculations the results 

obtained are tallied and analysed. Earlier we had calculated 

the dew point temperatures required for different atmospheric 

conditions. Tables 1, 2, 3, 4, 5 and 6 shows the results 

obtained. Then we calculated the least temperatures that can 

be obtained from our device by specifying the boundary 

conditions in FLUENT workbench. The results of the 

analysis are shown in figures 22, 23,24,25,26 and 27. Both 

these results are then tallied. The conclusions are:  

 

 Velocity of air at inlet = 30 Kmph 

Temperature of ambient air at inlet = 25 °C                        

Coolant temperature =  80 °C 

 

Min. temp. = 292.4k (19.25 °C) 

Max. temp. = 389k (115 °C) 

 The temperature of device falls down upto 19.25 °C and if 

we see the dew point temperatures of air at 80 °C in Table 04, 

we can see that the device works better at 35 %  and above 

relative humidity. 

 

  Velocity of air at inlet = 30 Kmph 

 Temperature of ambient air at inlet = 25 °C 

    Coolant temperature =  90 °C 

 

Max. temp. = 396k (122.85 °C) 

              Min. temp. = 291.4k (17.85 °C) 

The temperature of device falls down upto 17.85 °C and if we 

see the dew point temperatures of air at 90 °C in Table 06, we 

can see that the device works better at 35 %  and above 

relative humidity. 

 

 Velocity of air at inlet = 30 Kmph 

Temperature of ambient air at inlet = 30 °C                          

Coolant temperature =  80 °C 

 

Max. temp.= 353k (79.85°C) 

Min. temp.= 295k (21.85 °C) 

  The temperature of device falls down upto 21.85 °C 

and if we see the dew point temperatures of air  at 80 °C in 

Table 04, we can see that the device works better at 35 %  and 

above relative humidity. 

 

 Velocity of air at inlet = 30 Kmph        Temperature 

of ambient air at inlet = 30 °C                      Coolant 

temperature =  90 °C  

 

Max. temp. = 363k (89.85 °C) 

Min. temp. = 294k (20.85 °C) 

The temperature of device falls down upto 20.85 °C 

and if we see the dew point temperatures of air at 90 °C in 

table 06, we can see that the device works better at  35 %  and 

above relative humidity. 

 

 

 Velocity of air at inlet = 30 Kmph 

Temperature of ambient air at inlet = 35 °C                       

Coolant temperature =  80 °C 

 

Max. temp. = 353.15k (79.85 °C) 

Min. temp. = 266.098k (-7 °C)    

The temperature of device falls down upto -7 °C and if we 

see the dew point temperatures of air at 80 °C in Table 04, we 

can see that the device works better at 35 %  and above 

relative humidity. 

 

  Velocity of air at inlet = 30 Kmph 

Temperature of ambient air at inlet = 35 °C                          

   Coolant temperature =  90 °C 

 

Max. temp. = 363k (89.85 °C) 

Min. temp. = 280k (6.85 °C) 

   The temperature of device falls down upto 6.85°C and if we 

see the dew point temperatures of air at 90 °C in Table 06, we 

can see that the device works better at 35 %  and above 

relative humidity. 

 

 Velocity of air at inlet = 40 Kmph 

Temperature of ambient air at inlet = 25 °C                            

Coolant temperature =  80 °C 

 

Max. temp. = 351k (77.85°C) 

Min. temp. = 293k (19.25 °C) 
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The temperature of device falls down upto 19.25 °C 

and if we see the dew point temperatures of air at 80 °C in 

Table 04, we can see that the device works better at 35 %  and 

above relative humidity. 

 

 Velocity of air at inlet = 40 Kmph       Temperature 

of ambient air at inlet = 25 °C     Coolant temperature 

=  90 °C 

 

Max. temp. = 360.7k (87.55 °C) 

  Min. temp. = 291.6k (18.45 °C) 

    

The temperature of device falls down upto 18.45 °C 

and if we see the dew point temperatures of air at 90 °C in 

Table 06, we can see that the device works better at 35 %  and 

above relative humidity. 

 

 Velocity of air at inlet = 40 Kmph 

Temperature of ambient air at inlet = 30 °C    Coolant 

temperature = 80 °C  

 

Max. temp. = 351k (77.85 °C) 

Min. temp. = 287k (13.85 °C) 

 

The temperature of device falls down upto 13.85°C 

and if we see the dew point temperatures of air at 80 °C in 

Table 04, we can see that the device works better at 35 %  and 

above relative humidity. 

 

  Velocity of air at inlet = 40 Kmph 

Temperature of ambient air at inlet = 30 °C        

Coolant temperature =  90 °C 

          

Max. temp.= 360.7k (87.55 °C) 

Min. temp.= 290k (16.85 °C) 

 The temperature of device falls down upto 16.85°C 

and if we see the dew point temperatures of air at 90 °C in 

Table 06, we can see that the device works better at 35 %  and 

above relative humidity. 

 

 Velocity of air at inlet = 40 Kmph  

Temperature of ambient air at inlet = 35 °C     

Coolant temperature = 80 °C 

   

Max. temp. = 351k (77.85°C)  
Min. temp. = 303k (29.85 °C) 

The temperature of device falls down upto 29.85°C 

and if we see the dew point temperatures of air at 80 °C in 

Table 04, we can see that the device works better at 35 % and 

above relative humidity. 

 

 Velocity of air at inlet = 40 Kmph        Temperature 

of ambient air at inlet = 35 °C   Coolant temperature 

=  90 °C  

 

Max. temp. = 361.1k (87.95 °C) 

Min. temp. = 302.5k (29.35 °C) 

    

 The temperature of device falls down upto 29.35°C 

and if we see the dew point temperatures of air at 90 °C in 

Table 06, we can see that the device works better at 35 % and 

above relative humidity. 

 

 

3. CONCLUSIONS 

From this we can conclude that the prototype suits better in 

areas with relative humidity greater than 35%. The data does 

not deny the feasibility of our AWG in areas below 35% 

relative humidity, but on the analysis of the climatic data of 

various states in India, a note can be made that probability of 

relative humidity of a place going below 35% is questionable. 

Our AWG will be good for the regions with moderate relative 

humidity but will be greatly applicable in deserts, coastal 

regions and rainforests areas. 

Climatic data of five major States were recorded which 

reportedly have experienced range of fixed climate 

throughout the year, like Meghalaya(eastern state; 

experiences excess rainfall throughout the year), 

Rajasthan(western state, experience shortage of rainfall 

throughout the year), Maharashtra(coastal state, 

experiences variable rainfall throughout the year),  Madhya 

Pradesh (Center state, Experiences moderate rainfall 

throughout the year), Delhi(Northern state, experiences 

moderate rainfall throughout the year); and it can be clearly 

observed that the average relative humidity is greater than 

35%.  

All data correspond to the average monthly values of the last 

20 years.[7] 

 
(a) Meghalaya 
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(b)  Rajasthan 

 

 

 
(c) Maharashtra 

 

 

 

 

 

 

(d) Madhya Pradesh 

 

 

 
(e) Delhi 

       

     Figure 09 
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