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INTRODUCTION 

For the elaboration of a cooling system by evaporation is necessary to stablish the bases 

of heat and mass transfer, because part of its work is based in the exchange of 

concentrations from one fluid to another in the temperature reduction; at the same 

time, increase the knowledge on integrated circuits programming to obtain a control 

system that allows the equipment regulation at the users will. 

The design is made by the uses of practical tools like: calculation sheets, data charts and 

flux diagrams.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. SELECTION OF THE PROJECT CONCEPT 

The “Cooling by Evaporation” project was selected through a feasibility study. 

 

2. MATHEMATICAL MODEL 

The functioning principle of the cooling system by evaporation is based in water 

evaporation. 

During the evaporation process, the air (which is at a higher temperature than the 

water) gives sensible heat as well as latent heat to the water. The sensible heat 

allows temperature reduction to happen, and the latent heat allows the water to 

change phases form liquid to steam and to humidify the air. 

At the end, we obtain air at a lower temperature, but with a higher degree of 

relative temperature. 

The evaporative air conditioning equipment must count with a system that allows 

direct contact between water and air. Furthermore, it must allow to obtain a 

determined temperature. Said equipment can be divided in operating systems: 

Mechanical System: Consists of the environmental air suction equipment and its 

distribution in the air conditioning equipment. 

Heat and mass transfer system: Practically composed by the evaporative panel 

that oversees transmitting the air heat to the water to obtain the desired cooling. 

Hydraulic System: Oversees transmitting water from the storage tank to the 

distributing device and evaporative panel. 

Electrical and Automation System: Oversees keeping control of the temperature 

and humidity variables in the exterior and interior environment of the 

equipment.  

 

2.1. Mechanical System 

This system is in charge of transforming the electrical energy in mechanical 

movement, consists of the following elements:  



Mechanical Components 

 Electrical Motor: In charge of transforming the electrical input in rotatory 

movement through a shaft. 

 Pump: its function is to impulse water from an initial point to a final point 

through pressure increase.  

 Fan: Device that impulses an air mass form one place to another. 

 Venturi: Is a variable cross-section element, its function is to accelerate the 

water flow that goes through it by decreasing its cross-section.  

 

Fig. From left to right: Monophasic motor, pump and centrifugal fan. 

 

2.2. Heat and Mass Transfer Process 

The heat and mass transfer analysis for a cooling system by evaporation is done 

just in the evaporative panels, said panels are sprinkled with water and through 

them the air flows. 

The air is relatively dry and with higher temperature, it transfers calorific energy 

to the liquid water which is over the surface of the panel, making it evaporate 

generating a temperature decrease due to the concentrations difference 

(Expressed in density terms) steam spreads form the panel surface to the air 

current in movement, increasing the humidity, this mass movement from the 

surface to the air is known as mass convection. 



 

Fig. Air treatment through the evaporative panel 

 

2.3. Hydraulic System 

The hydraulic system of a cooling system by evaporation consists of several 

elements, its function is to keep the water flow from the storage tank to the 

water distributor and leads it to the evaporative panel. The functioning principle 

of this system is explained by the Bernoulli principle.  

2.4. Automation System 

The automation is a system where production tasks usually done by humans are 

transferred to a set of technological elements. 

An automatized system consists of 2 main parts: 

The Operative Part, which is the part that works directly on the machine. Are the 

elements that make the machine move and do the desired operations. The 

elements that make up the operative part are machine actuators, for example: 

motors, cylinders, compressors, among others. 

The Command Part, usually is a programmed automaton. It can be a 

microcontroller, a microprocessor, an integrated circuit, among others. In an 

automatized fabrication system the programmable automaton is the center of 

the system. It must be able to communicate with all the elements of the 

automatized system. 

In the case of a cooling system by evaporation, the operative part would be 

defined by the fan motor, either axial or centrifugal, that controls the air flow 

speed and the water pump to set the water flow. 



The command part would be defined por the Arduino microcontroller, which 

with the help of measurement equipment such as thermocouples, hygrometer 

and servomotors, will give the indicated signal to change the air and water flow. 

All this through the fan motors and system pump speed control. 

2.5. General Considerations 

The temperature and humidity conditions are estimated based in the 2018 data. 

The design will be done based in the highest load demand in summer time. 

The evaporation will be relevant just in the evaporative panel, hence, the added 

evaporated water in the container surface won’t be considered. 

The effect of impurities in the air flow won´t affect the calculation. 

The thermal load that the panel can dissipate is distributed uniformly along itself. 

Heat transference along the water transport pipelines from the pump to the 

distributer won’t exist. 

Heat transference by conduction and radiation won’t be considered. 

It’s considered in a stationary state. 

Air pressure drops in the evaporative panel will be considered. 

It will be based in the size of the room to air-condition, the activities performed 

within and the number of people in it, to estimate the thermal load of the place. 

 

2.6. Environmental Parameters influences 

2.6.1. Humidity 

Relative humidity 

Is a property of the atmospheric air and identifies how much water steam is 

in the environment; it’s defined as the relation between real water steam 

pressure in the air and water steam pressure in the air if it was saturated at 

the same dry bulb temperature, expressed as:  

In percentage.  

 



Where: 

𝜙: Relative humidity 

𝑚𝑣: Real water mass in the environment 

𝑚𝑔: Saturated water mass at the same temperature 

𝑃𝑣: Actual pressure of water steam 

𝑃𝑔: Water steam pressure in saturation conditions. 

𝑅𝑣: Gas constant for water steam 

𝑉: Room volume 

𝑇: Absolute temperature 

 

The air conditioning depends, mostly, on the amount of environmental 

humidity, since this property allows to stablish the comfort conditions that 

the environment can proportionate the people. 

Schematically, In the psychometric chart are displayed as curves that describe 

an ascending path from left to right, the percentages decrease as they further 

from the “Wet bulb temperature” curve. 

 

Absolute humidity 

It is the humidity relation or also called Specific humidity. Is the water steam 

weight per the dry air weight, depending of the units it can be: lb/lb, g/Kg or 

grams of water per pound of dry air. 



 

Where: 

𝜔: Absolute or specific humidity 

𝑚𝑣: Water steam mass 

𝑚𝑔: Dry air mass 

𝑅𝑎: Gas constant for air 

𝑅𝑣: Gas constant for water steam 

𝑃: Dry air and water steam mix pressure 

𝑃𝑣: Partial pressure of water steam 

𝑃𝑎: Partial pressure of dry air 

 

In the psychometric chart this property is located in the Y axis, in the right, 

and extends horizontally from right to left, they must not be confused with 

the “Dew Temperature” lines, since this last line is measured at the left side 

of the chart. 

 

2.6.2. Temperature 

Temperature is the measurement of the heat level in the bodies. But, what 

is heat and cold? 

Heat is a form of energy, that is produced naturally from a chemical 

phenomenon denominated combustion. 

Cold, however, isn’t something produced naturally, and we could define it as 

the absence of heat. This concept is pretty important because, to produce 



cold (air conditioning equipments), what we will do is to take heat from a 

body and somehow pull it out. The difference between heat or cold and 

temperature, is that heat is a body characteristic, while temperature is the 

measurement of a physiological sensation produced in us. 

Let’s think is the following example: 

Let’s heat two water recipients, one of 5 liters and other of 1 liter, for 5 

minutes, with two identical heat sources: 10Kcal/m. If we introduce a 

thermometer in each recipient, at the end of this time the thermometer 

introduced in the small recipient shows the higher temperature. And 

however, said recipient doesn’t contain more heat than the other. 

To measure the temperature, there are many scales. The most used is the 

Celsius scale and measures the temperature in Celsius degrees. There are 

others as the Kelvin scale (used by scientists), and the Fahrenheit scale 

(Anglo-Saxon countries). 

In the Fahrenheit scale, the temperature which water freezes is defined as 

32°F and boils at 212°. The relation between scales is given by the following 

formula: 

°𝐹 =
9

5
 °𝐶 + 32 

Interior recommended temperatures for comfort depends of the time of the 

year, like this: 

 Winter 19 to 22°C 

 Summer 23 to 28°C 

 

2.6.3. Air speed 

The air speed is a parameter to consider in the thermal load calculation, this 

is expressed in m/s (meter per second) and are measured by instruments 

called anemometers. 

The air movement displaces the immobile air with high relative humidity 

formed near skin level, thus allowing a more effective heat exchange and 

evaporating the sweat giving a better thermal sensation. 



When its hot it allows speed up to 1.5 m/s, when there are people working 

then speed power than 0.55 m/s. 

When its cold, speeds of 0.1 and 0.15 m/s since an immobile air (0 m/s) would 

cause an unpleasant sensation. 

In the following graph is displayed the region where the thermal sensation is 

pleasant regarding its temperature and wind speed with a relative humidity 

of 30° and 70%. 

 

 

2.6.4. Weather 

Although, as we mentioned before, the weather isn´t officially one of the 

ASHRAE parameters, it has been proved that this factor has the higher 

“average” impact when exterior temperature and humidity are combined. 

Weather plays an important role ventilating building naturally, fact that 

affects our behavior, our physical comfort and, of course, the state of our 

homes and work places. Weather will determine how active we are, the 

clothes we wear, the decisions we take at home to feel more comfortable, 

the physiological changes that our bodies go through and, of course, how we 



use air conditioning and other means to adapt. To our homes, the 

temperature and humidity changes which cause heat in summer and 

excessive cold in winter, has several consequences related with safety and 

energy waste. 

 

2.7. Psychometric Chart 

The atmospheric air properties can be represented by charts or in graphs. The 

graphical form is called “Psychometric Chart” and its universally used, because 

presents a great amount of information practically and helps with the study of 

air conditioning processes.  

 

 

The atmospheric air properties variate along with the barometric pressure and 

with each one of these corresponds a different chart, commonly, the 

psychometric chart is employed in most of the practical applications based in sea 

level pressure (101.325 KPa). In this point the atmospheric air state at a specific 

pressure is completely stablished by two independent intensive properties. 



2.8. Testing Room Dimensions 

TESTING ROOM (CLASSROOM A2-250 SECOND FLOOR OF THE COLLEGE OF 

MECHANICAL ENGINEERING BUILDING, FIM – UNI) 

For the evaporative air conditioning system installation testing process in the 

College of Mechanical Engineering building the classroom A2-250 has been 

selected, it has a great air entrance which is necessary for this equipment to 

correctly work. 

Dimensions in meters (m):  

 

 

 

 



2.9. Thermal Load Determination 

The classroom thermal load allows the capacity determination that this 

equipment must posses to be able to cool it down, giving comfort and 

commodity. 

The process for its determination is present as follows:  

Parameters to consider: 

Length: 12.2 

External conditions: 

 Tbs = 30°C 

 HR = 80 % 

Project day: 

 Monday, January 25th, 2019. 

 Time: 3:00 pm 

Interior conditions: 

 Tbs = 26°C 

 HR = 86.15 % 

ARCHITECTURAL STRUCTURE TO CONSIDER (A2-250)  

Floor: Concrete masonry 30cm thick 

Walls: 

South: Reinforced concrete (32cm) and an insulator layer (1cm) 

East: Reinforced concrete (32cm) and an insulator layer (1cm) 

North: Wood fiber (0.6 cm) 

West: Reinforced concrete (32cm) and an insulator layer (1cm) 

Roof: Reinforced concrete (40 cm) 

Windows: Common glass (includes both exterior and interior windows)  

 

INTERNAL CHARGES: 

20 sited people 

1 standing person 

ILLUMINATION: 10 fluorescent lights, 20 W 

COMPUTERS:   1 computer on 



PROJECTOR:   1 projector 

OTHERS:   1 sound system 

   1 fan 

 

OTHER ASPECTS TO CONSIDER 

 Temperature variation in the exterior fluctuates between 5°C from 8:00am 

to 5:00pm. 

 The classroom walls are white and there is not projected shadow. 

 Sunlight only hits the EAST wall. 

 Wood fiber is insulating, thus heat transference regarding the room next to 

it is minimal. 

 The work time of the air conditioning is 9 hours per day. 

 

AREAS CALCULATION 

NORTH ORIENTATION 

WALL AREA 8m*3.3m = 26.4m2 

AREA TOTAL 26.4 m2 

 

SOUTH ORIENTATION 

WALL AREA 8m*3.3m = 26.4m2 

TOTAL AREA 26.4 m2 

 

WEST ORIENTATION 

WALL AREA 4.7m*3.3m = 15.51 m2 

WINDOW AREA 4.7m*2.2m = 10.34 m2 

TOTAL AREA 5.17 m2 

 

EAST ORIENTATION 

WALL AREA 4.7m*3.3m = 15.51 m2 

WINDOW AREA 4.7m*1m = 4.7 m2 

DOOR AREA 2m*1m = 2 m2 

TOTAL AREA 10.81 m2 



 

FLOOR AND CEILING 

FLOOR AREA 4.7m*8m = 37.6 m2 

CEILING AREA 4.7m*8m = 37.6 m2 

TOTAL AREA 10.81 m2 

 

STRUCTURE WEIGHT CALCULATION 

 Floor and ceiling thickness: 40 cm 

 Walls thickness: 32 cm 

 Insulating thickness: 1 cm 

For the weight calculation we use the following equation (Carrier Air 

Conditioning Company, 1965, p.24) 

𝑊𝑒𝑖𝑔ℎ𝑡 = 536.40
𝐾𝑔

𝑚2
 

 

2.9.1. Gains by Insulation (Carrier Air Conditioning Company, 1965, p.24) 

 

Solar contributions in the testing room are limited to the West wall, for a 

length of 12.2 will be approximated to 10° and for calculations in the months 

of January and March. 

 

Correcting Factors (Consult table #6, from the Carrier manual) Dew point 

20°C. 

Metallic frame factor = (
1

0.85
) = 1.17 

Height factor = 1 + 0.007 (
695

300
) = 1.016 

Dew point correction factor = 1 + (
20−19.5

10
∗ 0.14) = 1.007 

For the storage factor determination FA, east orientation for a weight of 536.4 

Kg/m2 at the hour with the higher temperature of the studied week 3:00pm, 

we obtain a value (Consult table #7 Carrier manual) 



FA = 0.18, 

FC = 1.17*1.016*1.007 = 1.197 

ORIENTATION q/A(kcal/m2*h) FC FS FA 
Window 
area m2 

Gained 
heat 

(kcal/h) 

WEST 442.17 1.197 1 0.18 10.34 985.1 

TOTAL GAIN BY INSULATION 985.1 

 

2.9.2. Gain by transfer calculation (Carrier Air Conditioning Company, 1965, p.53) 

 

GLOBAL TRANSFER TRANFERENCE 

EXTERNAL WALL (Consult table #21 Carrier manual) 

R0 = Ordinary brick resistance + insulating resistance 

 

GLASS (Consult table #33 Carrier manual) 

 

Equivalent temperature determination for transmission trough the building 

structure. 

HEAT GAINS 

 

Tint = 26 °C 

HR = 86.15 % 

For the determination of equivalent temperature delta is applied the 

following equation (Carrier Air Conditioning Company, 1965, p.56) 

 

The “a” factor is obtained considering that the variation of the exterior 

temperature is 5°C and that the difference between the exterior and interior 

temperatures is 4°C (Consult table #20 Carrier manual). 



 

Since the exterior wall isn’t exposed to shadow, the temperature change value 

will be zero. ∆𝑇𝑒𝑠 = 0 

To determine the temperature difference for sun bathed walls we will 

consider that at 3:00pm, which is the highest temperature hour, and the wall 

weight is 476 Kg/m2 (Consult table #19 Carrier manual) 

 

To find the value of the solar contributions through glass, it is considered the 

following table, for January and May at 3:00 pm (Consult table #15 Carrier 

manual) 

 

It’s required the maximum contributions value through glass and windows at 

a latitude of 40° at the considered hour (Consult table #15 Carrier manual) 

 

The “b” constant is obtained from the wall color, since it’s white, the constant 

is b = 0.55 

Then we obtain: 

 

SURFACE 
AREA COEFFICIENT 

∆T (°C) 
GAIN 

(m2) U(Kcal/hm2°C) (Kcal/h) 

Exterior wall 
West 

5.17 2.34 9.9 119.768 

West window 10.34 5.5 9.9 563.013 

TOTAL 682.78 

 

2.9.3. Calculation of infiltration and ventilation gains 

The calculation of the air infiltration heat gains in the room is an air flow 

function, that entries the place through windows, doors, and wall pores. 



In this case, the analysis covers the North (due to holes in the wood fiber), 

west (entering through windows) and east walls (entering through book and 

window). 

According the MINSAL recommendations, recommended forced ventilation 

should be 25 m3/h per person, also, it’s considered 21 people in the 

classroom, 20 sitting and one standing. 

2.9.4. Ventilation flow calculation (Carrier Air Conditioning Company, 1965, p.90) 

 

Infiltration calculation 

Infiltration calculation involves windows that are exposed to exterior, in the 

west wall. D type windows considering these are open the maximum possible. 

(Consult table #41 Carrier manual) 

 

Necessary air that must entry the local (Carrier Air Conditioning Company, 

1965, p.113) 

 

 

 

2.9.5. Calculation of heat gains by illumination  

For this calculation it’s considered 10 fluorescents of 20W, fluorescent tube 

(Consult table #49, Carrier Manual) 

 

2.9.6. Occupants 

The amount of people and their activities inside the classroom: 

20 people sitting 

1 person standing 



Based on the recommendations (Consult table #48 Carrier manual) 

Occupants 

Sensible 
Heat 

Latent Heat 
Total 

Sensible 
Heat 

Total Latent 
Heat 

Total Heat 

(Kcal/h) (Kcal/h) (Kcal/h) (Kcal/h) (Kcal/h) 

20 sitting 60.51 40.34 1210.2 806.8 2017 

1 standing 61.78 51.69 61.78 51.69 113.47 

Total heat gain by occupants 2130.47 

 

2.9.7. Equipment 

To determine it, it’s considered one basic computer that consumes 

approximately 500W (429.92 Kcal/h). its heat is determined in based in 2/3 

of its normal power consumed by the machine. 

Equipment Amount 

Sensible heat + 

Latent heat 

(Kcal/h) 

Total heat 

(Kcal/h) 

Computer 1 37.25 37.25 

Projector 1 286.61 286.61 

Heat gain by equipment 323.86 

 

Adding all the obtained results in each situation, the total thermal load in the 

test room for the air conditioning by evaporation equipment is: 

Total thermal load 
Heat (Kcal/h) 

Gains Type 

Insulation 985.1 

Transmission 682.78 

Ventilation and infiltration 524.088 

Illumination 214.34 

People 2130.47 

Equipment 323.86 

Total 4860.638 .65KW) 

 



2.10. Water Mass Flow and Water Steam Flow Calculation 

2.10.1. Air mass flow calculation 

For this, we use the psychometric chart to observe how much can we cool 

down the environment variating the temperature from T = 30 °C with 80% 

relative humidity up to 86.5%, it’s observed that the temperature with this 

HR is 29 °C which indicates us that the device is suitable for low relative 

humidity input. 

Considering this: 

 

 

This last value is found by analyzing the psychometric chart for a relative 

humidity of 86. 

Considering the temperature of the water on the tanks surface. 

 

From the Saturation thermodynamic table Liquid – Steam of water (Gordon 

Van Wylen, 1994) 

 

Table 1. Saturation thermodynamic table, Liquid – Steam of water 

 



Selecting ℎ𝑓𝑔 = 2547.2 𝐾𝐽/𝐾𝑔 

To calculate the water mass flow using the thermal load �̇�𝐶𝑇 = 5.65 𝐾𝑊 

 

2.10.2. Evaporative panel selection 

Calculating the saturation pressures at the entrance, saturated pressure of 

the air-conditioned room, and the panel surface pressure, for that, it’s 

required to use table #1 and the external temperature, the air-conditioned 

room temperature and the panel surface temperature, which is the same as 

the temperature of the water, respectively: 

 

Using the relative humidity equation: 

 

Clearing the equation for absolute humidity for ideal gases: 

 

With these values, we calculate the air mass flow: 

 



2.10.3. Evaporative panel selection 

For a cooler to correctly function in a determined space, it’s necessary a 

evaporative filter with suitable size and thickness. Actually, the thicker the 

filter, more water it could absorb, thus it’s better the cooling experience. 

When it’s about evaporative filters, there is wide variety where you can 

choose. Next, a sample of the different types of filters. 

 

 

Aspen Pad 

For most of the standard coolers, Aspen Pad proportion the best cooling 

experience. These come in two sizes, 1 inch and 2 inches. Since there are 

made of interwoven aspen fiber, keep the water within themselves, keeping 

them saturated longer, and as a result a cooler area for a longer time. 

However, before purchasing this type of filter, one should consider that: 

 Aspen Pad filters need to be replaced annually. 

 Aspen Pad filters loose efficiency with time, due to water 

accumulation and absorbed minerals. 

 Aspen Pad filters tent to emanate poplar wood smell through the 

vents. 

 Aspen Pad filters are only an option for 3 panel coolers. 

 

Blue Synthetic Pad 

As the name indicates, these filters are made of a synthetic material. 

Although these are not capable of retaining water better than the Aspen Pad, 



these dry, and thus, these don’t sink nor reduce their efficiency. 

Furthermore, these filters absorb hard water with more easily, which causes 

a greater mineral accumulation that reduces the air flow. Before purchasing 

Blue Synthetic Pad filter, one should consider that: 

 Blue Synthetic Pad filter don’t absorb nor retain water efficiently as 

the Aspen Pad filer. 

 Blue Synthetic Pad filter need to be replaced annually. 

 

Cellulose Pad 

Cellulose Pad, also called Bee Hive filters, are made of cellulose paper that 

have the shape of a bee hive. These filers are designed to proportionate the 

maximum cooling, at a low pressure drop and a higher durability. Before 

purchasing a Cellulose Pad filter, one should consider that: 

 Cellulose Pad filters are more durable; thus, these don’t deteriorate. 

 Cellulose Pad filters don’t need to be annually replaced. 

 Cellulose Pad filters have a burnt smell, which is dissolved after the 

coolers works for some time. 

Specifications of the Bee Hive cooling filter: 

 

For our project ideally, we’d use the Cellulose Pad, but it’s not easy to obtain 

this type of material; that’s why we’ll build our own filter making it similar 

to the Blue Synthetic Pad, with easily obtainable items such as: 

 Anti-mosquitoes net 1.2m wide (2 linear meters) (s/. 3.00 c/m) 

 Corrugated PVC pipe 1inch (1 meter) (s/. 3.00 c/m) 

 



We procced to bend the net to an approximate size of 46x46cm and we hold 

it with the corrugated pipe, which is cut longitudinally as show in the 

pictures: 

 

 

2.10.4. Water steam mass flow calculation 

Calculating the average speed: 

 

If three evaporative panels are used, the obtained speed will be: 

 

Calculating the transference area: 

It was considered net thickness 2 mm = 0.2 cm 



 

The mass diffusion it’s calculated using the following equation: 

 

Schmidt number it’s determined using the following equation: 

 

The characteristic longitude is equal to the length of the cell:  

 

Reynolds number: 

 

Sherwood number: 

 

Due to Reynolds number is lower than 10000, then: 

 

Convective mass coefficient: 

 

Recalculating the water steam mass flow: 

 

Recalculating the dissipated heat by the panel: 

 



If we use three panels: 

 

Then, if three evaporative panels are used, the mass flow in the environment 

is: 

 

2.11. Determination of the Water Supply Pump 

For the calculation of the required power of the pump, it will be used ¼ inch 

diameter standard pipes, it’s stablished the hose roughness as 0.0015 since its 

material is PVC. 

The water kinematic viscosity is obtained from the following table: 

 

 

Table 3. Water physical properties 

From the table we obtain: 

 



Length of the suction and discharge hoses are: 

 

The suction hose length is zero because it’s a submergible pump. 

Calculations for one panel: 

 

Water volumetric flow: 

 

Calculating volume to soak: 

 

Considering a period of 1min to soak all the evaporative panels: 

 

Then: 

 

Water flow speed: 

 

For these conditions loses will be calculated: 



Reynolds number: 

 

Relative roughness: 

 

With this data and considering the Colebrook equation, the Darcy factor will be 

calculated to calculate the primary loses: 

 

We obtain the Darcy factor: 

 

To calculate the primary loses, we use the following formula: 

 

Calculating the primary loses: 

 

To calculate the secondary loses, we use a value k = 0.5, for the flow divider. 

 

Calculating the H value for the pump which is required: 

 



Then the required power for 1 evaporative panel is: 

 

For the 3 evaporative panels it’s required: 

 

We end with a pump with: 

 

Despite the loses and the fact that the hydraulic power won’t be equal to the 

electrical power it’s seen that the pump will give the required power without any 

issue. 

 

2.12. Determination of the Tank’s Size and Material 

To determine the tank’s size that contains water, we should consider that this 

will contain the water volume to evaporate as well as water volume to soak the 

three evaporative panels. 

The water to evaporate mass flow is:  

 

The following relations will be used to calculate the required volume: 

 

To calculate the recipient size, we’ll consider that the device will be continuously 

working 2 hous, after which the water volume will completely evaporate, having 

to be manually filled or connecting it to the storage tank to supply water. 

 

Calculating the water volume used to soak the evaporator: 



 

 

A water storage tank will be designed of 30x30cm of area, to calculate the height, 

we proceed as follows: 

 

 

We’ll use a water recipient 20cm high, so the water won’t reach the upper edge 

or at least, it’ll fill with less water making it be consumed in less than 2 hours of 

work. Besides, we decide to use a material with a great capacity to conduct heat, 

being Copper the chosen material to make the container, since it’s antibacterial 

and excellent to contain water. 

 

2.13. Fan selection 

To select the fan, we must consider that the air flow required for this equipment. 

 

For the given speed, the pressure drop is approximately 10Pa. 

 

The pressure drop is defined by: 

 

The speed load is defined by: 



 

 

2.14. Schemes of the Control Circuits 

 



 

 

 



 

 

 

 



3. SENSIBILITY ANALYSIS 

In the sensibility analysis we’ll detect the factors which when are changed the 

project economical result will vary. 

 

FACTORS 

3.1. Electrical Energy 

The electrical energy is one of the main parameters in the project, which will 

allow the cooling device to function: the pump, peltier and the fan. When this 

factor’s value increases so does the economic results. 

Through the sensibility analysis we can estimate the cost increase tendency of 

this factor until the year 2025. 

 

3.2. Water Consumption 

Water use for this system is another very important point, which the system 

functioning depends on the water evaporation, when the water evaporates it 

needs energy for the state change, from liquid to steam, to happen. This energy 

can be taken from the environment and so, with that decrease the thermal 

sensation and obtain a comfortable environment. 

 

FIXED COSTS 

 Installation: s/. 50.00 

 Materials. s/.210.00 

 Workforce: s/. 120.00 

Total: s/. 380.00 

 

VARIABLE COSTS 

To estimate a consumption of 500 W, we need approximately 1 liter of water. 

YEAR 2019 (For one working day) 

 Electrical Energy  s/. 0.45 x 1000/1000 x 8 working hours = s/. 3.60 



 Water service  s/. 7.70 x 10-3 

 Total   s/. 3.6077 

 In a month  30 x 3.6077 = s/. 108.231 

YEAR 2020 (For one working day) 

 Electrical Energy  s/. 0.58x 1000/1000 x 8 working hours = s/. 4.64 

 Water service  s/. 7.83 x 10-3 

 Total   s/. 4.647 

 In a month  30 x 4.647 = s/. 139.41 

YEAR 2021 (For one working day) 

 Electrical Energy  s/. 0.588 x 1000/1000 x 8 working hours = s/. 4.69 

 Water service  s/. 8.17 x 10-3 

 Total   s/. 4.698 

 In a month  30 x 4.698 = s/. 140.94 

YEAR 2023 (For one working day) 

 Electrical Energy  s/. 0.60 x 1000/1000 x 8 working hours = s/. 4.81 

 Water service  s/. 8.86 x 10-3 

 Total   s/. 4.818 

 In a month  30 x 4.818 = s/. 144.54 

YEAR 2025 (For one working day) 

 Electrical Energy  s/. 0.615 x 1000/1000 x 8 working hours = s/. 4.92 

 Water service  s/. 9.55 x 10-3 

 Total   s/. 4.9295 

 In a month  30 x 4.9295 = s/. 147.885 

We get to observe that as the years go by, there is an increase in the variable costs 

for the monthly work of the cooling device by evaporation, but not so outstanding, 

since the use of this system presents a greater economical save. 



 

 

 

4. COMPATIBILITY ANALYSIS 

Considering the design process and the variables calculations belonging to the 

mathematical models, we’ll analyze the compatibility of: 

Volume: 

The water recipient was designed to contain 16 L of water, this volume is 

approximately 16Kg, which when added to the rest of components reach a value 

of 20Kg approximately, however the device will have wheels for easy movement. 

The calculated water volume allows the device to work a couple of hours if it’s 

manually filled. However, it’s seen that for a continuous work the water 

container recipient must be connected to a constant supply and possess a valve 

connected to the automation system, which will work coordinated with the 

ultrasonic sensor that serves the function of level sensor. Other option to 

implement that doesn’t need control is the use of a buoy to close the water 

entrance when it reaches an adequate level. 



For the water container tank’s design it was considered that the weight shouldn’t 

be excessive, that’s why it was chosen a work period of just a couple of hours, 

since if it were to work more time, the amount of water needed for the cooling 

system by evaporation operation, and hence, the device’s weight would increase 

making it difficult to move, changing it to a fixed use and not portable. 

 

Size: 

Similar to what was mentioned before, it was chosen a base area of 30 x 30cm 

to contain water, so the device has an acceptable size and it could be handled 

and maneuvered by any user with an adequate age to use this type of systems. 

In a same way, it was chosen an optimal value for the size of the 3 evaporative 

panels for these to meet the power requirements in the heat exchange, 

however, these could be much bigger and we’d have a bigger transference area, 

but our system would be oversized. 

 

Materials: 

In the design process it was chosen Copper as the water container material, since 

it has excellent antimicrobial properties, which is required in any water storage 

device, it will later be breathed the wet steam at the exit and has a great heat 

transference capacity. 

This option, copper, which doesn’t allow bacteria and microalgae to grow is 

known as “OLIGODYNAMIC ACTION AND EFFECT”. This effect is defined as 

antiseptic action of the copper ions which are located in the water even if their 

concentrations are diluted. This action affects virus, bacteria, algae, spores, 

fungi, prokaryotes and eukaryotes. 

 

Pump: 

According to the calculations of the mathematical models, small power is 

required to cover our system requirements, due to this a small DC submergible 

pump of 2 W is more than enough to obtain the needed flow conditions. 

 

Suction Pipes 



Since the pump is submergible, a suction pipe won’t be needed reducing the 

total friction loses, however even if there was a suction pipe, it would use a small 

amount of energy, that’s why the small submergible pump will more than meet 

the requirements. 

 

Discharge Pipes 

It was chosen a 1.2m discharge pipe, since it will be used 4 sections of 30cm each. 

The first one will be connected to the pumps exit and the other pipe sections will 

be connected to a flow divider, which was considered to calculate the secondary 

loses. 

The flow divider will be used to make an equal water flow go through the 3 

supplier pipes in charge of soaking the filters and supply the needed water to 

evaporate. 

 

Evaporative Panel 

For the evaporative panel we’ll use a simpler material and of easier access, since 

the specialized exchanger filters aren’t easy to obtain. One must consider that 

the cellulose panels efficiency of a suitable thickness is better for this type of 

devices. 

The fact of having small areas where air goes through and procced to soak the 

panels in a minute, this short time is due to the panels we’ll use are really thin, 

generating a bigger contact area between air and water which is beneficial for 

this type of cooling. 

The panels size was chosen to meet the parameters calculated for the thermal 

load and avoid oversize the device. 

 

Fan 

According to our calculations, it’s required a 30cm diameter fan, however we’ll 

use a 12cm diameter fan with direct connection, 220 V and 0.14 A. In this case 

this fan size was chosen because it was the axial fan with the bigger diameter in 

the catalogue. Considering that these fans present electrical connections and 

don’t need an external electrical motor to work. 



5. STABILITY ANALYSIS 

The stability in a cooling system by evaporation depends mainly of the thermal 

conditions, hence it’s especially important reach an adequate temperature which 

doesn’t get to be extreme. This evaporative system offers a soft and fresh 

temperature avoiding sudden thermal jumps, besides, proportionate air quality 

displacing pollutants, dust and bod odors to the exterior. 

For the cooling system by evaporation to be stable it must meet the following 

conditions: 

 Cannot be used in closed interiors, contrary to stationary air. For a system 

to correctly work we should keep the space properly ventilated since 

contrary to the interior air, it’ll end saturated with humidity, condensation 

will form, and the device won’t be able to evaporate more water nor cool 

down, giving as a result a heat more suffocating than the exterior. 

 Requires more maintenance: Besides of the continuous water supply, higher 

or lower depending of the evaporation degree, it’s necessary frequently 

clean the deposit to not generate healthiness problems. 

 It isn’t suitable for humid weather zones: the temperature decline for 

weather with a relative humidity greater than 70% is less than 5 °C, which 

for summer-time temperatures gives more than 30°C and that isn’t useful, 

since the final temperature isn’t comfortable. For example, in Lima’s shore, 

where the relative humidity reaches 85% in summer, it isn’t an adequate 

solution. 

 

In conclusion, this system is a good option to cool down interiors in dry weathers 

(those that in summer don’t surpass a relative humidity of 70%. 

 

6. OPTIMIZATION 

The optimization of cooling system by evaporation is fundamental, mainly to save 

costs and respect the environment, besides to multiply the device performance and 

enlarge its durability. 

When it’s about electro domestics, optimize them is basically raise its performance 

up to its maximum level by making them work the least possible. If excessive, 



unavoidable and unnecessary efforts are decreased then the device won’t suffer, 

use less energy and hence less money, more environmentally friendly and enlarge 

its useful life, giving fewer problems. 

To optimize this system, first maintenance is key; without it any system will have 

difficulties working and also, will never perform at its best. Dirt, leaks or little 

breakdowns that the system will present would only bring complications, decrease 

the performance and increase the air conditioning efforts, and accordingly the 

costs. 

On the other hand, the temperatures this system demands must not be 

exaggerated. The human body is comfortable between 22 to 26 °C approximately, 

and everything outside those limits is an increase in the energy use, 8% per degree. 

The use of equipment with thermostat and heat pump will help to obtain the 

perfect temperature in each moment of the year. Another thing that can be done is 

to combinate the devices with other electro domestics simultaneously or 

alternating, reaching efficiency and saving at the same respectively. Lastly, use the 

programming functions of a device will allow us to keep it on the strictly necessary 

time, which must end some time before leaving the room, since this will keep its 

effects for a while and thus, the room would still be cold. 

 

 

7. BEHAVIOR PREDICTION 

The installation of a cooling system by evaporation in a house exterior, be it in the 

roof or in a wall. In this example, we aren’t talking about a portable equipment, but 

a permanent installation. 

Case 1: The centralized evaporative system is left totally out of the house, it just 

collects the exterior air and injects it inside the house through the roof and walls. In 

the first process cycles the air enters fresher and with a bit more relative humidity. 



 

Centralized evaporative temperature cooling process 1. 

Case 2: Air doesn’t recirculate, since it enters from the roof and walls and exits again 

through doors and open windows. The difference between the injected air and the 

expelled air through doors and open windows generates a light overpressure. 

 

Centralized evaporative temperature cooling process 2. 

 

Case 3: In this type of installations the recycled air is completely removed, so the 

environment is continuously renewed, the relative humidity is kept stable and the 

environmental temperature is reduced effectively. 



 

Centralized evaporative temperature cooling process 3. 

 

 

 

8. TESTS 

NOISE LEVELS 

The cooling systems by evaporation must keep the comfort for each person in the 

room without any of them noticing its presence. 

Must work totally in silence, making and maintaining a relaxing environment. 

The work noise of the interior and exterior units is measured in an echoless silence 

chamber. The noise test verifies that the work noise is low enough so when product 

is working it doesn’t disturb the daily activities, such as having a conversation or 

taking a nap. 

 

REAL FUNCTIONING TEST 

A real air conditioner is put to work in a tasting room that simulates a real living 

room. Conditions like exterior sunlight vary while the parameters are measured; 

cooling speed, cooling efficiency, and the temperature and humidity differences in 

the whole space. This confirms if the system is working with its design performance 

in normal working conditions. 

 

VIBRATION TEST 



Preventing damage due to vibration during transport, which can affect its 

performance, in mainly a packaging role. This device must correctly work even after 

applying vibrations in the horizontal and vertical directions. 

 

LONG TIME DURABILITY TEST 

The main mission of a cooling system by evaporation is to proportionate a durability 

level that allows a stable working for years. To achieve this, we’ll do an accelerated 

test of 10’000 hours of continuous work. This test results, which is performed under 

harsher real working conditions, test these systems resistance. 

 

9. CARRIER CHARTS 



 



 

 



 

 



 

 

 



 



 



 

 

 

 



 


