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ABSTRACT: This paper focuses on the development of semi passive mechanisms to cool air. In this project, the water 

in a cistern was used as a heat sink in order to create an indirect cooling system, within the warm sub humid 

conditions of Colima, Mexico. 

In order to achieve suitable water temperatures, two strategies were applied. The first one was the radiative and 

evaporative night cooling, and the second was the use of a cold shadow on the cover of the tank. Water was stored in 

a cistern or underground reservoir, this maintained the temperature achieved during night (in the first strategy) and 

used it as a heat sink during the day.  

The results obtained in both strategies show that the system is feasible and practical to use, because the outside air 

temperatures were lower than wet bulb temperatures, without increasing the moisture in the air, the system created 

temperature differentials of up to 14 ° C with night cooling strategy and up to 12 ° C with cold shadow strategy, all of 

this was achieve in a semi passive way.  

Keywords: evaporative night cooling, heat sink, cooling system, cold shadow.  

 

 

INTRODUCTION  

In modern cities, the rapid growth and inadequate 

distribution, has resulted in the fact that new housing 

developments may not have a distribution according to 

the best solar orientation and ventilation, creating 

problems of thermal discomfort. Such conditions are 

especially important in hot climates, creating the 

necessity to seek solutions to maintain an ideal 

temperature inside the home; most families are in the 

need to find other ways to cool their home, like the use of 

fans, and in some cases, air conditioning equipment. The 

circulation of room air does not necessarily mean a 

cooling of the space, because in many cases the outdoor 

air is equal to or even hotter than the air inside the house. 

 

The air cooling systems based on passive and semi 

passive mechanisms, are gaining importance due to the 

high costs that are generated by the use of conventional 

air cooling systems. These systems can quickly cool the 

air but they also consume enormous quantities of 

electricity, especially if the temperature and the moisture 

in the air are high, in addition to the pollution caused to 

the environment. Although, currently there has been 

progress in the development of passive air cooling 

systems, a more exhaustive research is necessary, since 

the majority of these are complicated systems that have 

no practical application in everyday life, plus in several 

ways they keep using refrigerating gases, such as 

methane, that produces greenhouse effect. For this 

reason, it is necessary to replace it with a more eco 

friendly type of air cooling system.  

 

 

BACKGROUND 

One of the first studies on water temperatures in 

underground tanks, was carried out in Iran in 1988 by 

Bahadory and Haghighat [1], where they found that 

water (upper layer) temperature was similar to the 

ambient temperature, while at the bottom of the tank 

temperature was low, below 10 ° C. This temperature 

was determined by the size of the tank, weather 

conditions, the initial temperature of the water in the tank 

and the soil properties.  

 

Some of the most recent studies on the topic: an 

investigation for the designing of strategies in the 

traditional building of water tanks with low energy 

consumption in Iran: A perspective of an innovative 

passive cooling system. In this study conducted in Iran 

by Farahi-nia, and Haghparast Hatef [2] presented in 

2008, the aim was to analyze the strategies used in these 

ancient structures that have the ability to provide city 

residents with fresh drinking water during the hot season, 

looking for the possibility of providing an effective 
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ventilation system, without the consumption of fossil 

fuels. 

 

This type of tank is an underground container, with a 

domed cover with large thermal mass, and one or two 

wind towers, plus a side staircase to take water from the 

bottom. These tanks were filled during the winter nights 

with water as cold as possible, and within the tank, it was 

cooled evaporatively during the day, and by radiation to 

the sky during the night at temperatures only a few 

degrees above freezing. 

 

The tank measurements were made during the month of 

June, and showed that the temperature of the water 

supply was below 12 ° C. During this time the maximum 

temperature of outside air was about 40 ° C. 

According to this research, heat gain in the outside air 

temperature, on the surface of the tank and the 

surrounding subsurface thermal mass, is compensated in 

part by evaporative losses from the water surface. 

 

As known, the main passive strategies of heat dissipation 

are: cooling through the subsoil, using it as a sink, 

convective and evaporative cooling using air and water 

sinks, and radiative cooling using the sky as a heat sink. 

Therefore, the potential of the passive heat sink is 

strongly dependent on climatic conditions. A study 

conducted in 2010 by Serrano, Alcantara and Escobar 

[3], in the city of Colima, Mexico, presents a survey of 

water temperatures within the tank to determine its 

viability as a heat sink in a warm sub-humid weather. 

 

The research was conducted with an experimental 

method in four tanks with the following variables: 

Case 1: cistern with concrete cover. 

Case 2: cistern with shaded cover. 

Case 3: cistern with soil and grass over the cover. 

Case 4: cistern with polystyrene cover. 

 

The tanks with the lower temperatures were those of the 

cover with soil and grass (case 3), and the one that was 

covered by shade (case 2). With stable temperatures 

around 25.5 ° C in case 3, and  24.9 ° C in case 2 , with 

outdoor temperatures of up to 39 ° C.  

 

In 2010, Farahani, Heidarinejad and Delfani [4], 

conducted an investigation in the city of Tehran, Iran. 

This was done with the purpose of using natural heat 

sinks order to use them for cooling air, which was 

conducted as follows: water in a storage tank was cooled 

by water flowing through two flat plate overnight 

radiators (radiative cooling overnight). A temperature 

differential of about 8°C was observed in relation to the 

outdoor temperature. 

 

In conclusion, previous researches show that: 

Measurements of water temperature in tanks of dry hot 

weather, even in the warm sub-humid climates, show 

encouraging figures that demonstrate potential for using 

them as a heat sink. 

The cooling of water through night evaporation improves 

cooling efficiency.  A major factor for an effective heat 

exchange is to have an adequate heat sink. This means 

that there must be a substantial temperature difference 

between the air to be cooled and the heat sink. To design 

the heat exchanger, it is convenient to perform an 

analytical modelling to have a clearer perspective on 

experimental behavior, providing their length, diameter, 

and flow. 

 

 

METHODOLOGY 

The experiment was conducted at the Faculty of 

Architecture and Design of the University of Colima, 

located in the town of Coquimatlan, in the state of 

Colima, Mexico, with coordinates 19 ° 03 'to 19 ° 18' 

north latitude and 103 ° 48 'to 104 ° 06' west longitude, 

with an altitude of 350 over the sea level. The town is 

dominated by warm sub-humid weather with summer 

rains. The average annual temperature is 26 ° C, where 

the minimum temperatures are around 19 ° C and the 

maximum temperatures range around 34 ° C. The annual 

average rainfall is of 67.3 millimeters, with rainfall 

covering the months of July through October. 

The Warm dry season, comprising the months of March 

through May, was chosen for experimentation. This is 

when the strategies to apply can be most efficient and 

better appreciated, since one of them is the evaporative 

cooling. 

 

The research was carried out in two phases; 

 1. The first phase tested the system using as main 

strategy the use of night-time evaporative cooling to cool 

the water in the tank.   

 2. In the second phase the system was tested using the 

strategy to provide shading to the cover the tank and 

avoid the incoming solar radiation, which in this case, the 

strategy was a cover of soil and grass. 

 

Before the experiment was conducted, a previous 

research of water temperatures within the tank was made 

in order to determine the water temperature in the 

experimental design (see backgrounds section). The 

results obtained, were that one of the tanks with lower 

temperatures was the one which had an upper cover of 

grass with average temperatures of 25.5 ° C. These 

results were used to design the present experiment. 

 

The system developed for this experiment consists of two 

main elements: an underground tank and a heat 

exchanger "air-water".  

The cistern was built with a storage capacity of water of 

3m ³, where the heat exchanger was installed, which was 
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designed and built to test its effectiveness in cooling the 

air. To refine the device design, a simulative method was 

carried out, in which the strategy was a mathematical 

model, in order to have greater certainty of results in 

applying the experimental method. 

 

The measurements were taken for dry bulb temperatures 

(DBT) and relative humidity (RH) in the air inlet and 

outlet of the system. A sensor was placed in the bottom 

of the tank, in order to compare the results of 

temperatures. The measurements were taken every half 

hour. The measuring equipment used were the models 

HOBO U12, which was connected to  sensor models 

TMC6-HA (6 ft or 1.82 m) and TMC20-HA (20 ft or 

6.09 m) ONSET model, which were connected to a 

measuring equipment for compilation of information. 

 

 
Figure 1: System with the location of the measuring equipment. 

 

To calculate the “air-water” heat exchanger, an outside 

air temperature of 36.5 ° C (taking the average maximum 

temperature of the season) was used, as well as a water 

temperature of 25.5 ° C. These temperatures were based 

on climate data from the place of experimentation.  

 

There were limitations of space in the cistern, and it was 

necessary to make the exchanger dimensions adequate to 

the ones in the market. An adjustment was made to 

exchanger dimensions to bring close as possible to the 

calculated size. Therefore, the heat exchanger was 

constructed with 0.0018 m thick PVC sanitary pipe, with 

0.08 m in diameter, in a coil-type model. In which were 

placed 44 pipe sections of 1 m each, plus sections of the 

joints which in total are about 9 meters, resulting in an 

overall length of the exchanger of 53 meters, a contact 

area of 12.68 m² and a volume of 0.24 m³. Fig. 2 shows 

the placement of the heat exchanger within the tank. 

 

To build this system PVC was used, seeking to obtain a 

cooling system at low cost, but it is clear that for an 

application in everyday life, it is necessary to take into 

account the bactericidal properties of the material 

employed. In the market, there are plastic materials with 

antibacterial properties that might work in developing the 

cooling system. 

 

 
Figure 2. Construction and placement of the heat exchanger. 

 

EXPERIMENTAL PHASE. 

PHASE 01. Indirect cooling evaporative strategy. 

In the first phase, the main strategy used was the night 

evaporative cooling of water, based on the results of 

previous research. The strategy consisted in placing a 

polystyrene lid thickness of 0,025 m during the day, from 

8:00 am and removing it at night at 8:00 pm.  

 

This phase lasted four days. Temperature measurements 

were made from the 17
th

 to the 20
th

 of April 2011, every 

half hour and the changes in air temperature were clearly 

noticed. 

At this phase the air injector of the heat exchanger was 

turned on from 1:00 pm to 5:00 pm. This range was 

decided based on the table of temperature zones, from 

which, the zone with a greater need for air cooling was 

selected.  

 

First phase temperature analysis. 

In Fig. 3, the output air temperature of the exchanger 

varies minimally, from the time the air injector is on to 

its shutdown, which gives the possibility of having a 

greater cooling capacity, for a greater volume of air or a 

longer length of functioning time. 

 

 
Figure 3: Graphical results of a representative day in phase 01, 

evaporative cooling at night. 
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Fig.3 also shows that although the outside air 

temperatures were over 35 ° C, the temperatures obtained 

at the end of the coil were down to 22.7 ° C, while the 

water temperature was around 22 ° C.  

It can be appreciated how during the time that the air 

injector was working (inset), the exchanger outlet 

temperature approaches the temperature of the water, 

with a difference of only about 1.5 ° C, being maintained 

practically unchanged throughout the work period. 

 

 
Figure 4. Psychrometric chart of the results obtained in the 

first Phase. 

 

Fig. 4 the psychrometric chart shows the temperatures 

obtained in the first phase, relating temperature and 

absolute humidity to the proximity of the comfort zone, 

this zone of comfort was drawn from the equation 

obtained by Ruiz [5] in their research presented in 2007. 

Table 1 shows a summary of the maximum, medium and 

minimum temperatures values. 

 
Table 1. Results of representative day of the first phase of 

experimentation. 

 
 

Table 1 and Figure 4 shows that with the implementation 

of the system, it is possible to achieve temperatures close 

to the comfort zone in the exhaust air system, without 

increasing the moisture in the air, therefore, it has a wide 

application potential for obtaining comfort inside 

buildings in a semi-passive way. 

 

Conclusions of the first phase. 

As has been observed over this phase, the strategy of 

using evaporative cooling overnight, to achieve lower 

water temperature was effective, reaching 22 ° C, which 

gives the system a higher cooling efficiency. 

 

In the period of four hours daily tested at this phase, 

significant loss of cooling capacity was not detected, this 

indicates that it is possible to expand the air injection 

period. In this first phase a decrease in the temperature of 

outside air was achieved by a range of about 11 ° C to 14 

° C, without oscillation of the air outlet temperature. The 

air outlet temperature was similar to the water 

temperature. 

 

 

PHASE 02. Cold shading strategy. 

In a second phase, comprised from May 16
th

 to 20
th

, a 

Panel W cover was installed, on which a layer of soil and 

grass was placed, to provide a "cold" shadow, and avoid 

heating from solar radiation on the cover of the tank and 

the ground which is in direct contact with it. The decision 

to implement this strategy was the result of findings from 

previous research on the temperature of water in tanks 

with different covers, where the one that obtained major 

improvement in their thermal behavior was the one with 

the layers of soil and grass. 

 

The cover consisted of a substrate layer 10 cm thick of 

the grass species Stenotaphrum secundatum, which is a 

perennial, coarse-textured grass, of tropical and 

subtropical origin, it withstands hot and humid climates, 

and is easy to use and maintain.  

 

Second phase temperature analysis. 

Fig. 5 shows that in this phase, the water temperature 

was around 26 ° C, which shows an increase in 

temperature between the first and second phase, which 

causes the air cooling capacity to decrease. However, 

great temperature difference can still be seen, between 

the temperature of the air injected (outside air) and the 

outlet temperature of the heat exchanger, having a 

maximum differential of about 12 ° C. 

 

 
Figure 5. Representative day temperature graph on phase with 

shading strategy. 

 

Fig. 5 shows how the outlet temperature of the heat 

exchanger has a difference of about 2 ° C with water 

temperature, which is almost the same observed 

MEASURING EQUIPMENT LOCATION MAXIMUM MEDIUM MINIMUM

END OF THE COIL 22.68 22.37 22.17

WATER 22.09 22.09 22.09

OUTPUT 28.94 26.87 23.49

INPUT 39.74 25.69 13.30
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differential between the outlet of the exchanger and the 

end of the coil. In this case we can clearly see the 

moment when the air injector is turned on, because the 

temperature drops and then remains stable.  It is also 

observed that the water temperature is about 14 ° C 

below the maximum outside temperature. 

The following table shows in more detail the differences 

in temperature values. Here is a compendium of 

maximum, medium and minimum temperatures recorded 

at this stage of the experiment. 

 
Table 2. Table of maximum, medium and minimum 

temperatures taken in the period from 16 to 20 May. 

 
 

This second phase, where the strategy of cold shading 

was applied, it was observed that although the 

temperatures of the exhaust air system were higher than 

in the previous phase, the comfort temperature also was 

achieved. The psychrometric chart of Figure 6 shows 

temperatures and humidity data obtained in the second 

phase of experimentation. 

 

 
Figure 6. Psychrometric chart of the results obtained in the 

second case. 

 

Conclusions of the second phase. 

The general conclusions of this phase of experimentation 

are that the shading strategy achieved the desired effect, 

since water temperatures obtained - around 26 ° C - 

match with the temperatures resulting from previous 

research, done with the propose of obtain water 

temperature behaviour in the tanks. It was found that the 

system can provide fresh air for 11 hours, without 

affecting its efficiency -Figure 5-, as observed, at the end 

of the period, the outlet temperature increases, but only 

about 0.2 ° C with respect to the outlet temperature at the 

start of injection period.  

 

In this case, the reduction range of the outside 

temperature was about 2 ° C to 12 ° C, since the air 

injector was programmed to begin early in the morning 

and end in the afternoon hours, which means that there 

was a peak in the temperature differential. 

 

Discussion of results between the two phases of this 

experimental research. 

Throughout this study it can be see how the underground 

tank has potential as a heat sink, because its temperatures 

can be lower than the annual average ambient 

temperature, and very close to the preferred temperature 

of locals. It was observed that in both phases the 

temperature of the water had a high differential with 

respect to the outside air temperature during the day -of 

up to 18 ° C in the first stage and 14 ° C in the second-, 

especially in the hours which are considered outside of 

thermal comfort for the inhabitants of the region. 

 

In the first phase using the evaporative strategy, the air 

and temperatures were lower than the average annual 

temperature, that, according to literature, is the 

temperature which can be found in the subsoil from 

about a meter deep. In this case, the surrounding terrain 

was releasing heat to the underground tank. In the second 

phase, outlet temperatures were obtained around the 

annual average temperature, because of the absence of 

water evaporation, the temperature tended to be stable 

with that of the thermal mass of soil surrounding the 

tank. 

 

Therefore, it was found that the use of the tank as a heat 

sink is more efficient when using evaporative cooling, as 

it can reach temperatures below the temperature in the 

surrounding ground. 

 

 

CONCLUSIONS. 

The approach of this investigation was to find the 

possible range of reduction in outside air temperature, 

using the thermal mass of water from a cistern as a heat 

sink, on Colima´s warm sub humid weather. A heat 

exchanger was used to prevent direct contact of air with 

the water, in order to avoid an increase in the absolute 

humidity of the air cooled, since the increased moisture 

in the atmosphere in humid climates involves often a 

decrease in user comfort. To achieve a greater range of 

air cooling -which is directly related to the temperature 

of the heat sink, that in this case is the water of a cistern-, 

two strategies for passive water cooling were applied; 

evaporative cooling overnight and cold shadow, which 

were tested in two separate cases. 

 

MEASURING EQUIPMENT LOCATION MAXIMUM MEDIUM MINIMUM

END OF THE COIL 27.08 26.31 25.64

WATER 26.01 25.85 25.61

OUTPUT 29.99 28.69 27.25

INPUT 40.89 29.28 20.22
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The results in the first phase were 22 ° C in water 

temperature, and a maximum reduction in temperature of 

exhaust air system of 14 ° C compared to the temperature 

of inlet air. The second phase achieved a minimum water 

temperature of about 26 ° C, and a maximum 

temperature differential in the exhaust air system of 12 ° 

C with respect to the inlet air temperature.  

 

It is clear that the system has potential to be applied as an 

air cooler, because the air temperatures monitored at the 

output of the system reached 23.4 ° C, while the inlet air 

was about 38 ˚ C. This is meaningful because the comfort 

temperature is in the range of 23.59 ° C to 30.59 ° C, 

which shows that air temperatures obtained with this 

system can increase comfort inside the buildings in warm 

climates. 

 

It’s important to note, that although water lowers air 

temperature it does it indirectly, so the air is cooled 

without adding absolute moisture in the environment. 

Even in most cases moisture reduction was 3 grams 

higher, since the temperature differentials between the 

outside air and the water temperature caused 

condensation inside the heat exchanger, so this way the 

air lost humidity. 

 

Therefore, this system is effective for reduce air 

temperature with either strategy. The results show, that 

with a combination of both strategies it is possible to use 

the cooling system in all the warm seasons of the year 

with significant results in reducing the air temperature. 

The air cooling system consumes energy through by the 

use of fans, but this does not comparable to the energy 

consumption of conventional air conditioning equipment. 

Taking into account the reduction of air temperature 

obtained with this system, the energy consumption is 

minimal. This study aimed essentially to reduce air 

temperature, nevertheless, is necessary, something that 

an analysis of energy consumption, will be contemplated 

in later stages. All this to design a practical and efficient 

system, that will contribute to the reduction of use of 

electromechanical cooling devices, and help to provide 

passive comfort inside buildings. 
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