
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

¿Why Cow Cooling? 
 

 
 
 
 
 

 



1.1 Structure 
 

1.1.1 Material 

Metals are constantly exposed to the action of the atmosphere, which as we know, is mainly 

composed of 79 parts of nitrogen and 21 parts of oxygen. 
 

Since nitrogen is a gas with low activity , as can be said that practically inert , whole weathering 

depends on the activity of oxygen, which is not much because is in molecular state( with homopolar 

bonds forming molecules O2). 
 

And moreover, the metals are very stable, is that, without the intervention of another agent, the 

action of oxygen on metals only, are very weak . 
 

The oxygen collaborating agents are mainly two: the heat and humidity. 

The oxygen produced with the heat oxidation of metals.. 

And oxygen with moisture produces corrosion. 
 

The fan installation is done in areas where temperatures may be the highest in our planet, reaching 

over 50 °C for several days and at this we must add that to lower these temperatures and look for 

the comfort of the animals it has to be introduce water into the atmosphere to lower these elevated 

temperatures, whereby both factors are promoting. 
 

1.1.1.1 Corrosion 
 

1.1.1.1.1 Definition 

Corrosion is defined generally as the slow and progressive destruction of a metal by the action of a 

foreign agent. One of the factors that limit the life of metal parts in service is chemical or physical 

etching suffering in their environment. 
 

Atmospheric corrosion is caused by the combined action of air and oxygen humidity. But there is 

the chemical corrosion caused by the action of acids and alkalis. 
 

As there is always atmospheric moisture at room temperature, the metals are destroyed by 

oxidation corrosion. Its effects being much higher in the metals that are in direct contact with 

water, as is the case of the structures of the coolers. 
 

1.1.1.1.2 El problem de la corrosion 

Improper selection of a material with corrosion resistance can be a high costly mistake. The direct 

or indirect damages are: 
 

• Replacement of corroded equipment. 

• Super-sized to withstand corrosion. 

• Disruption of the production process due to losses. 

• Product contamination and environment. 

• Loss of process efficiency. 
 

Some of these indirect costs can be many times higher than those of the material and must be 

considered when choosing the material. 



Corrosion is an electrochemical process which occurs under the presence of four elements: anode 

which provides electrons, a cathode that receives electrons, an electrolyte (usually a solution of 

acids, bases or salts) and a current flow. 
 

The most common example of corrosion is iron oxidation. This is a complex chemical reaction in 

which iron is combined with oxygen and water to form an iron oxide hydrated. The oxide is a solid 

that retains the overall composition of the parent metal, but in a porous and bulky way, and that is 

why it becomes so relatively weak compound and brittle. 
 

The rate of corrosion depends on the electrical potential between the cathode and the anode, the 

electrolyte pH, temperature and water availability and oxygen for chemical reaction. 
 

The methods available to prevent corrosion of iron are many, but the most common are: 
 

• Generate an iron alloy, for example stainless steel, by adding chromium or chromium-nickel 

based metal, which confers resistance to the action of corrosion and corrosive materials 

such as concentrated uric acid properties. 

• Cover the base metal with a material which reacts more rapidly than iron oxidizing 

materials, such as Zn, thus protecting the base metal corrosion. The most common method 

is electroplating. This is possibly the most widespread method for its low cost, but has 

some problems that are reflected in the following table, as we found between C3 and C4: 
 
 
 
 

Environment categories, risk of corrosion rate (according to standard UNE EN ISO 14713) 
 

Corrosive category (environments) 
 

Risk of corrosion 
Corrosion rate of the Zinc 

(µm/year) 

C1 Interior: dry Very low ≤ 0,1 

 

C2  Interior: occasional condensation  
 

Low 
 

0,1 a 0,7 
 Exterior: rural inside  

  

Interior: high humidity, slightly polluted air   

C3  Medium 0,7 a 2  

Exterior: inside urban r coastal low salinity 

 
C4 

Interior: pools, chemical plants, etc.  
High 

 
2 a 4  

Exterior: industrial indoors or urban coastal 

 

C5 
Exterior: High humid in industrial indoor or coastal 

area of high salinity 

 

Very high 
 

4 a 8 

 

 
Likewise exists a material in the market that it is not very known, is being used in manufacturing of 

coolers, called Aluzin ®. This product consists of a steel substrate coated on both sides with an 

aluminum / zinc hot dip applied in a continuous production line. The coating is composed of 

aluminum (55%), zinc (43.4%) and silicon (1.6%). Aluzinc ® product combines the advantages of 

both main components of the coating: the barrier effect of the aluminum and zinc sacrificial 

protection. Therefore, the corrosion resistance of the surface is excellent. 
 

In fact in salt resistance test multiplied by 6, the durability of hot-dip galvanized (graph 1), but there 

is a problem and that all manufacturers advise against using it in livestock buildings due to alkaline 

environment prevailing in all stables. 



 

 
 

For all that, the material selected for Cooling Cow for making the cooler is stainless steel 304 (chart 

2). 
 

 
 

1.1.1.1.3 What is stainless steel? 

It is the iron alloy with a chromium content> 10.5% carbon and <1.2%, needed to ensure self- 

healing surface protective layer (passive layer) that provides corrosion resistance. 



 

 

 
 

For stainless steels, the corrosion resistance is primarily due to the capacity possessed by forming a 

protective film (passive film) on the surface, oxidizing environments. 
 

The passive film is resistant to oxidation processes after their training and other forms of chemical 

attack. 
 

Its thickness can be a molecular level; the film is generally invisible protective capacity in oxidizing 

environments, for example, air and nitric acid. 
 

The passive film of the stainless steel caused by the presence of chromium in the alloy. 
 

When the free chromium content in the alloy is greater than 11%, the steel does not rust and is 

called Steel. 
 

Higher chromium contents always extend the ability to maintain the degree of resistance. 

The additions of Nickel and Molybdenum extend the range of passivation. 



 

 
Evaluación de la Corrosión 

Medio corrosivo Temperatura °C AISI 304 

Uric acid concentrate Any temperature A 

Sea water 20 A/B 

Hydrogen peroxide 20 A 
 

Clean water 
20 A 

Boiling A 

Atmospheric air . A 

Ammonium gas 100 A 

Chlorine 20 C 

Calcium chloride . . 

Sodium chloride: 20 A/B 

Nitric acid 

Nitric acid 10 % Boiling A 

Nitric acid 20 % Boiling A 
 

Nitric acid 50 % 
50 A 

Boiling A 

Unfermented milk Boiling A 

Fermented milk 20 A 

Urine 20 A 

Steam 300 A 

Soaps 20 A 
Mark:  

A- Excellent resistance: lower weight loss 25 mg/dm2 (24h). 

B- Generally acceptable resistance: lower weight loss 250 mg/dm
2 

(24 h). 
C- Fair or poor resistance: weight loss greater 250 mg/dm2 (24 h). 

 

1.1.2 Construction 

Welds constitutes one of the most likely critical areas where could start corrosion, this due to the 

presence of notches, surface defects, inclusions, structural heterogeneities brings the welded joint 

and when present in the water ducts, acid hydrogen, carbon dioxide and high pressure operation, 

we have the perfect picture for the mechanism of corrosion and cracking is developed by Hydrogen 

induced. 
 

For this reason the whole cooler is assembled with screws, so avoiding this way the points 

susceptible to corrosion. 
 

1.2 Engine fan 
The transmission of motion from a mechanism or machine element to another can be done directly, 

as for example the case of a gear mounted on a motor shaft and meshing with another gear which 

transmits the rotational movement axis, or through intermediate links that transmit the movement 

with the mover to the driven elements. This intermediate link can be solid and may be rigid, as the 

rod a mechanism, or flexible as a flat or V-belt. 
 

The intermediate links can be flat or V-belts, chains, gears, worm and worm wheel, cranks, Crank- 

Connecting Rod System, oil, etc. 
 

The easiest and cheapest solution would be choosing a belt drive, consisting of a tape loaded with 

two tension pulleys: a driving and another move. By moving the belt (belt) transmits power from 

the drive pulley to the driven pulley by the friction that arises between the belt and pulleys. 



But analyzing this solution we found a number of problems: 
 

• His duration is determined, so every often time it must be changed, either by maintenance 

or breakage 

• They require an effort of initial restressing, which produces an initial overload shaft can 

lead to problems of fatigue 

• Sliding is possible in the transmission ratio which transmission may be slight variations. 

• Is required to control the belt tension. A slack belt can have a performance decrease of up 

to 5%, or not being able to transmit power anything. 

• Power losses are usually high, which directly affects the performance. 

• It cannot withstand high temperature conditions due to elastomeric materials or synthetic 

employees 

• They have a very high damage due to environmental factors, such as moisture, dust, 

lubricants, sunlight etc. 
 

All this makes maintaining this type of transmission is high and uncertainty can lead to the 

correct operation of the system is very large, which is why Cow Cooling has chosen to install in 

their direct transmission cooler. 
 

A direct drive mechanism is one that transmits the power of an engine without any reduction. 
 

Direct Drive Advantages: 
 

• Increased efficiency: The power is not lost in friction 

• Noise Reduction: Being a simpler device, a direct drive mechanism has fewer parts that 

could vibrate, and the emission of total system noise is usually lower. 

• Longer life: fewer moving parts also mean having fewer parts prone to failure. Failures 

in other systems are generally produced by component aging or stress. 

• • High torque at low rpm. 

• Faster and accurate positioning. High torque and low inertia allows faster times in 

permanent magnet synchronous servo positioning sensor direct feedback allows 

detecting the rotating part precise angular position. 
 

1.3 Spraying 
This is a key point in the analysis, as there are different types of spraying water and this is the 

fundamental component of the cooler, because otherwise it would limit us to move air, and not 

produce a reduction in ambient temperature, which is the main objective. 
 

The huge difference between our system and the American system lies in that both 

pulverization and control systems are full of novelties with respect to those air- 

conditioning systems. 
 

Water drops planned by our system are approximately 0.005 mm, as we work under high 

pressures (between 60 and 130 Bars), while the American system’s working drop is 0.05 

mm, when working under moderate pressures (20.7 Bars/300 psi) and here is where the 



big difference lies, given that, what is at stake is a physical concept defined as “Interface 

Zone”. 
 
We are going to explain it in a simple way: 

 
Let us consider a bucket of water and we are going to distinguish among water phase, air 

phase and water-air interface surface, which is where both are in contact. In the water, the 

molecules are moving constantly and some of those ones getting out of the interface 

surface escape and turn into air; in other words, naturally, there is water evaporation. But 

as it is known, for a mass of water to be turned into vapor state, it needs to be hit by a 

certain amount of energy. Where does the water get energy from in order to change phase? 

It is true that it can only get energy from the air it is in contact with. As a result, water will 

absorb air energy and will turn into vapor, and as air is being taken away its energy, air will 

have its temperature dwindled. To sum up, it can be said that very near to the water-air 

interface of our bucket of water, air temperature slightly goes down as a result of water 

evaporating. 
 

 
 
As seen, basically speaking, we might wonder what follows: What does the natural 

evaporation velocity depend on? Various variables might be considered but only one is 

going to be taken into account: “The interface zone” 
 

Now, we are going to quantify a little bit the effect the interface zone has on evaporation 

mechanism. In so doing, we will be starting by supposing that we have the liter of water 

made of a perfectly single spherical drop which, somehow, we keep suspended in the air. 

In such case, what is the interface zone? A liter would be equivalent to a 6.2-cm radius 

drop within an area of 0.05 square meters. The same as with the bucket of water, we can 

guess that it will take many days for this liquid to evaporate. 



 
 

After that, the liter of water will be divided into 9 drops, spherical as well. The drops are 

now 3-cm radius, and the area of all of them turns out to be 0. 1 square meters (the double 

than earlier). The water will evaporate more quickly in that way because we are provided 

with more interface zone. 
 

Following up this easy reasoning, the following table can be set: 
 

 

 
Nº Drops 

 

Volume of 
each drop 

(m3) 

 

Radius of 
each drop 

(m) 

 

Radius of 
each drop 

(µ) 

 
Area 

2 
(m ) 

 

Type of 
Evaporation 

System 

      1 0,001 0,062035049 62.035 0,05  

10 0,0001 0,028794119 28.794 0,10 

100 0,00001 0,013365046 13.365 0,22  

1.000 0,000001 0,006203505 6.204 0,48 

10.000 0,0000001 0,002879412 2.879 1,04  

100.000 0,00000001 0,001336505 1.337 2,24 

1.000.000 0,000000001 0,00062035 620 4,84  

10.000.000 1E-10 0,000287941 288 10,42 

100.000.000 1E-11 0,00013365 134 22,45  

1.000.000.000 1E-12 6,2035E-05 62 48,36 

1.900.000.000 5,26316E-13 5,00863E-05 50 59,90 competence 

10.000.000.000 1E-13 2,87941E-05 29 104,19 

100.000.000.000 1E-14 1,3365E-05 13 224,47  

1.000.000.000.000 1E-15 6,2035E-06 6 483,60 

2.000.000.000.000 5E-16 4,92373E-06 5 609,29 CowCooling 

10.000.000.000.000 1E-16 2,87941E-06 3 1.041,88 
 

 
In conclusion: if we compare the drop the American system is made up with and the drop 

the Spanish system is provided with, the interface zone has been multiplied by 10, by 

reducing the drop size, and thanks to that as well, we are multiplying evaporation velocity. 

And this is crucial in cow farms because what is aimed at is to let the water evaporate 



before it comes into contact with animals so as to refresh the environment without 

anybody getting wet. 
 

Through this easy reasoning, it remains clearly shown that the system used to humidify is 

not wrong but just the opposite. It is 10 times more efficient than our competitor’s system. 
 

1.4 Control 
As we said earlier, someone or something must control the water that is added to the environment, 

and this will depend on the temperature. 
 

How does the system work? 
 

• The cooler has three rings nebulization with the following provision: 
 

o Ring 1: configured by 5 nozzles of 2,25 GPH 
o Ring 2: configured by 10 nozzles of 2,25 GPH 
o Ring 3: configured by 5 nozzles of 3 GGPH 

 

According to this layout, the installation operation, jets consumptions, would be ruled as 

shown by this table: 
 

Boquillas 

GPH 

Presion 6 Bar 7 Bar 8 Bar 10 Bar 12 Bar 14 Bar 16 Bar 18 Bar 20 Bar 

2,25 GPH Lts/h 7,87 8,51 9,12 10,18 11,16 12,03 13,12 14,32 15,30 

3 GPH Lts/h 10,52 11,35 12,25 13,58 14,87 16,04 17,37 18,70 20,05 
 
 
 

With respect to the operation itself, we would have: 

 
• Pump nº 1 

Humidification is enabled from 27 °C; pump nº1 is set by enabling Circuit nº 1, with an 

overall water consumption by the 5 jets of 2,25 GPH, 39,35 l/h at 6 bars and increasing 

consumption up to 32 °C, with 76,50 l/h a 20 Bar consumption. Circuits 2 and 3 will 

remain closed during this range of temperature. 

 
• Pump nº2 

 

• Pump nº1 keeps on working and pump nº2 is set to 34 °C, being opened the water 

flow of Circuit nº2, and remaining this way opened Circuit nº1 to 20 bars. This 

second pump will start working under a 6 bar pressure, consuming an overall flow of 

the 10 jets of 2,25 GPH of 78,7 l/h, which added to those of Circuit nº1, will give us a 

total of 155,20 l/h. As temperature is being increased, the pressure of this second 

pump will be on the rise and as a result, the flow will also be increasing up to a 

maximum 200,5 l/h, which will be reached under 40 °C temperature and a working 

pressure of 20 bars. Up to this point, the installation will be consuming an overall 

277 l/H

        • Pump nº3 
 

• With a temperature over 40 °C, a third pump will start working, the water flow 

being left opened for both Circuit 1 and 2 and the two set to 20 bars. 

• The third pump as well as the second one will start and set to a 6-bar pressure, the 



overall consumption by the 5 jets of 3 GPH of 52,6  l/h, which, as in the previous 

cases, will be increasing the flow in accordance with the temperature, until getting 

to a maximum 102,5 l/h at 52 °C and a 20-bar pressure, which will make the overall 

consumption of the installation up to this point be 379,50 l/h. 

• The summary of all the operation will be displayed on the following table: 
 

 

Stages 
 

Temperature °C 
 

Pump 1 (l/h) 
 

Pump 2 (l/h) 
 

Pump 3 (l/h) 
Total 
(l/h) 

1 27                  39,35*   39,35 

2 30                  51,73   57,24 

3 32 64,11   64,11 

4 34 76,50**                  78,70*  155,20 

5 36 76,50**                 119,30  195,80 

6 38 76,50**                 159,90  236,40 

7 40 76,50** 200,50**
  277,00 

8 42 76,50** 200,50**

***** 

52,60*
 329,60 

9 44 76,50** 

76,50** 

76,50** 

76,50** 
 

200,50**                65,07 342,07 

10 46 76,50** 200,50**                77,54 354,54 

11 48 76,50** 200,50**                90,01 367,01

 
12 50 76,50** 200,50** 
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102,50**
 379,50 

13 52 76,50** 200,50**
 102,50**

 379,50 

14 54 76,50** 200,50**
 102,50*

*
 

379,50 

15 56 76,50** 200,54** 

0**
 

102,50*

*
 

379,50 
*Working pressure 6 bars 
** Working pressure 20 bars 

 

 
In the light of these tables, the following graphics can be configured as follows: 

 
 

Cooler behavior Cow Cooling 
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And the question is how is this done? And who controls it? 
 

The first question is relatively easy to answer, as each pump has a frequency that directly influences 

the pressure that provides pump, which, with this simple method to control the flow rate will be 

conditioned by the temperature as described above. 
 

The second question is a little more difficult to answer, because the facility has designed and 

programmed control ad-hoc Cooling Cow by a group of engineers. 
 

This is an HMI interface with a backlit LED screen 5.7 "and a series of modules that parse the data 

coming from the different probes were distributed by the rook strategically and collect the 

necessary information and send it to the central control box and there the information is analyzed 

and acted accordingly as programmed. 
 

 
 

To all this we must add the versatility and range of possibilities offered by this system is reflected in 

the following table 



 
 

And all this must be added that from the year 2014 is possible to see all the information on a 
Smartphone or tablet via a specific app to control our farm and view the alarms that may 
appear 

1.5 Comparative 
Here we can see a test done on a farm in the emirate of Al-Ain in the United Arab Emirates. 

 
Nine fans were installed on each side of the stable, and 144 animals were controlled in each area by 

analyzing all parameters. Tests have been made of all kinds, including thermographic pictures of 

animals to check the status of cow comfort. 
 

 
 
 

 
 
 
 
 

The results are shown in the following tables. It has taken this period to be the most critical in the 

production of milk in the desert. 
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Korral Kooler Trial House 3 
 

 2012  

 April May June July August September Average 

DMI (Dry matter intake) 22,3 22,7 22,6 22,7 22,9 23,1 22,72 

DIM (Days in milk) 80,5 95,9 124,4 140,4 178,7 208,4 138,05 

Milk 36,5 37,5 38,7 39,1 36,5 34,9 37,20 
 

 
 

Cow Cooling Trial House 4 
 

 2012  

 April May June July August September Average 

DMI (Dry matter intake) 21,2 21,7 21,8 21,6 22,1 22,6 21,83 

DIM (Days in milk) 80,7 94,5 123,2 140,6 178,5 208,3 137,63 

Milk 36,5 37,3 38,6 39,3 36,4 34,9 37,17 

 

Milk production per cow 
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Korral Kooler Trial House 3 Cow Cooling Trial House 4 
 
 

As can be seen, there is little difference and how systems work very even in the same conditions, 

which in the light of these data we can conclude: 
  



 
 
 
 

 

  The structure and materials of Cow Cooling cooler is 

suitable for the application, because all it is made of 

stainless steel. 
 
 

  Cooler maintenance is minimal because there are no 
 

pulleys or belts. 
 
 

  The spraying is optimal to reduce the temperature in the 
 

stables. 
 
 

  The work of the cooler is right and behaved exactly like the 
 

competition in view of the results 
 
 

  There is a substantial saving in water consumption, vital in 

extreme environments 


