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Abstract 

Evaporative cooling is environment friendly method of refrigeration as compare to use of chemical 

refrigerant. In evaporative refrigeration evaporation method is utilized to remove heat from the air. 

Furthermore use of mud pipe further enhances the cooling effect. Thus the objective of this work is to analyse 

the potential of clay pipe in evaporator cooler using ANSYS software. The mud pipe was designed in conical 

shape (reduction in cross section area of pipe along the length) to provide smooth laminar flow to air as well 

as reduction in temperature. The analysis was performed with various level of air velocity (5, 10, 15 m/s). The 

air temperature, velocity change were analysed to measure the performance evaporative cooling. The analysis 

indicated that cooling effectiveness improve with decrease of air velocity at staggered position. 
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1. Introduction 

Modern air conditioning devices using refrigerants for cooling the environments, but it resulted in some ozone 

depleting substances and greenhouse effect. Thus, the use of these air conditioning devices becomes a major 

concern of discussion. Centuries ago, the ancient Egyptians used evaporative cooling to reduce the 

temperature inside their building. Water saturated cloth sacks were placed in openings in the structure of the 

building. As warm air entered, it passed through the sacks and was cooled Evaporative coolers have been used 

in warmer climates such as the USA [1-2]. Australia and the middle East for many years as the effects of 

global warming are felt in cooler climates such as Europe and the united kingdom the use of evaporative 

cooler is becoming more widespread. Evaporative cooling uses the evaporation process to take out the heat 

from the air and hence cools it down .The sensible heat from the air is absorbed by the water droplets and 

these water droplets evaporate leaving behind a cooling effect can be emphasize in different manners. It is a 

passive cooling process in which a body or an object is utilized for the evaporation evaporative cooling is a 

very promising method that can be used for air conditioning in rural areas of developing countries ,especially 

[2-4]. 

Monish Siripurapu founded the Ant Studio design firm, and came up with the idea of using the principles of 

evaporative cooling; an ancient technique using water and local materials to lower temperatures. The material 

he chose was terracotta because it is robust and malleable, and he was keen to avoid plastic. He has 

investigated indirect evaporative cooler using clay pipe. The aim of the research was to investigate the 

underlying mechanical, thermodynamic, and heat transfer phenomena of the clay pipe evaporative cooler in a 
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wind tunnel. Result showed that using clay pipe arrangement of both orientations enhances the heat transfer 

between air and clay pipe surface. The maximum evaporative cooling effectiveness is 45% and 53% in 

aligned and staggered position at 1 m/s air velocity. Also flow through porous media at moderate Reynolds 

number. The simulation was performed on porous medium and verified with a grid refinement study and 

result were also in the same range as results from previous work indicating that the simulations reliable and 

can be trusted [5-6]. 

Here we used small mud tubes which relatively enhances the cooling effect ,the tube is designed in a conical 

shape which create a smooth motion of air along the length, and decreasing area provides laminar flow as well 

as decrease in temperature. This work on the same principle of evaporative cooling as used in mud pot 

cooling, here the flow is also need to be maintained .this idea not only helps in getting rid of excessive heating 

effect but, as well as it helps in protecting the nature from harmful gases by providing an eco-friendly 

alternative for cooling. 

2. Methodology 

In this evaporative cooling method the roof top will be set up with exhaust fan which will suck the air present 

inside the room and leave it outside of the roof. All the tubes will be arranged in such a manner that the larger 

diameter of the clay tubes will be at the outer portion of the wall and the smaller diameter of the nozzle will at 

the inner section of the wall (i.e. towards room) as given in Figure 1. From the top of the wall (above the first 

tube layer) a pipe line of water is setup which will continuously dropping water in such a manner that all the 

tubes should be wet all the time. 

  
(a)                                                                     (b) 

  
 

(c)                   (d) 

 

Figure1. Arrangement of clay pipes for evaporative cooling 

2.1.Basic Principle 

This phenomenon is based on the principal of conservation of mass i.e. continuity equation. Since the fluid 

flowing through pipes at all the cross sections the mass flow rate remains same. 

The two cross sections of pipe are shown 

ρl = Density at inlet cross section  
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ρ2 = Density at outlet cross section 

A1 = Area at inlet cross section   

A2 = Area at outlet cross section Then, 

V1 = Velocity at inlet cross section  

V2 = Velocity at outlet cross section 

Rate of flow at inlet section= ρl A1V1  

Rate of fluid at outlet section= ρ2A2V2 

According to law of conservation of mass,  

Rate of flow at section 1 = Rate of flow at section 2  

ρl A1V1 = ρ2A2V2       ...(1) 

The equation is applicable to the compressible as well as incompressible fluid and is called continuity 

equation. But in this case flow is not being compressed hence we can assume it as an incompressible fluid. 

For the incompressible fluid,  

ρl = ρ2  

Hence continuity equation will become, A1V1 = A2V2 

As the flow is in open system the flowing air will fit over the steady flow energy equation (SFEE). The steady 

flow energy equation can be expressed as shown below 

h1 + v₁
²+gz1+Q₁ = h₂ + v₂

² + gz₂ + W     ...(2) 

where,  

h1 = specific enthalpy at inlet; h2 = specific enthalpy at outlet  

v1 = inlet velocity; v2 = outlet velocity, 

Q = heat transferred 

W = Work done 

z1= datum at inlet 

z2= datum at outlet 

For the same datum, z1= z2 

and for neglecting work done in the nozzle, i.e.(W=0) the equation becomes 

h1 + v₁
²+Q₁ = h₂ + v₂

²  

The heat transfer is not neglected as the clay pipes are used in which water is continuously flowing in result 

the clay gets heated and gives to the hot air easily due to it's porous effect heat transfer takes place through 

evaporation. The above eq. can be described in the form of total heat transfer through clay to the air in two 

conditions. 
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1. Heat transfer due to design of the nozzle shaped clay tubes. 

2. Heat transfer due to evaporation of the tube (Water flowing over it). 

To know the amount of change in temperature we created a design model in ANSYS (Space Claim) and did 

CFD analysis in ANSYS. The complete design and analysis are covered in the next chapter. 

2.2. Construction 

 

Figure2. Finite element model of conical tube 

In order to perform the simulation conical tube is considered wherein diameter decreases continuously as 

given in Figure 2.   

3. Results and Discussion 

The simulations were performed using the ANSYS commercial code and given below in Figure 3-5. 

  

(a)                                                             (b) 

Figure3. At velocity 15m/sec; (a) Temperature distribution, (b) Velocity distribution 

 

  

(a)                                                             (b) 

Figure4. At velocity 10m/sec; (a) Temperature distribution, (b) Velocity distribution 
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(a)                                                             (b) 

Figure5. At velocity 5m/sec; (a) Temperature distribution, (b) Velocity distribution 

It is clearly observed form Figure 3(a), 4(a), and 5(a) that there is significant reduction in temperature after the 

air passed through the conical clay tube. However from Figure it is clear that the temperature reduction is 

relatively highest for air velocity of 15m/sec. Hence the conical tube  

4. Conclusion 

After the analysis of mud tubes we find that one tube is capable of decreasing the temperature up to 19 

(approx.) degrees. This cooling system offers several benefits such as eco friendly and pollution free, budget 

friendly and easy to construct, materials are easily available, highly skilled labour is not required, one time 

setup, less attention is needed. This technique is not only beneficial in reducing the excessive heating effect in 

factories, buildings and relieving employees but, it also helps the other occupations too. It gives employment 

to the potters who make mud pots, by getting them know some engineering techniques we can actually make 

them to earn bread and butter for their daily life. Other than that using this eco-friendly method of air 

conditioning we are preventing green house gases to be generated which cause a lot of problems to the 

environment as well as to human beings but, using it we actually making everything sorted out.  
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