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Abstract 

The concept of passive 

cooling is a common 

practice used to 

achieve thermal 

comfort with no 

energy consumption. A 

passive evaporative 

cooling wall (PECW) 

constructed of a 

porous ceramic with 

the ability to soak up 

water by capillary 

force, which means  

that the vertical 

surface is wet up when 

the lower end is 

inserted in water is 
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Introduction  
In order to create a 

comfortable and 

healthy environment 

in areas with hot arid 

climate, mechanical 

ventilating air 

conditioning systems 

has become more 

popular to achieve 

comfort in our 

dwelling. But the use 

of these systems has 

greatly contributed to 

the increase in energy 

consumption, thereby 

increasing the bill of 

electricity or fossil 

fuel and also poses 

adverse effect on our 

environment when 

linked to the 

greenhouse gas 

emission. And energy 

consumption is 

anticipated to further 

increase due to 

improve in standard 

of living and increase 

in world population 

(Masaruf and 

Muhammad, 2017). It  
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considered in this 

paper. The water 

soaked PECW allows 

the penetration of 

wind thereby causing 

water evaporation. 

This paper analyses 

the performance of the 

PECW under the 

weather of Maiduguri, 

Borno State with air 

temperature, air 

velocity and relative 

humidity in 

consideration. ANSYS-

Computation Fluid 

Dynamics software 

was used to simulate 

the performance and 

to identify its 

feasibility when 

installed. The 

following findings 

were noted from the 

simulation result; 

surface temperature of 

the wet ceramic wall is 

4-8ºC lesser than the 

considered 40ºC 

ambient air and there 

was significant 

reduction in air 

velocity passing 

through the pipes. Wet 

surface condition of 

the porous ceramic 

pipes can be 

maintained 

throughout the day if 

there is always water 

supply in the base 

tank. The study shows 

that the installation of 

PECW is feasible under 

Northern Nigeria high 

temperature and low 

relative humidity for 

both rural and urban 

areas since electricity 

is not needed. 

 

as been recorded that ventilating air condition is one the largest 

consumer of electricity in most homes (Amin and Abu, 2012). 

Therefore, to reduce the energy consumed in buildings by the use of 

mechanical ventilation systems, passive evaporative techniques can be 

integrated. Different passive cooling approaches with no or low energy 

consumption has been considered in most building designs to help 

improve the indoor thermal comfort. Some passive cooling systems 

integrates pumps or fan just to enhance the effectiveness of the cooling 

process. Common passive cooling strategies for building include solar 

shading (shading of windows, walls and roof from direct solar radiation) 

and even building orientation. Evaporative cooling uses the effect of 

evaporation of water in liquid state to reduce the temperature of an air 

stream directly or indirectly. Direct evaporative cooling system allow hot 

outside air to flow through a water saturated medium thereby allowing the 

hot absorbed air to cause water to evaporate, then the moisture is carried 

along with air passing through. The psychometric chart will show change 

in moisture content and dry bulb temperature in line with constant wet 
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bulb temperature (Aherne, 2011). Thus, to provide an evaporative cooling 

technique for reducing temperature and creating a cooler surrounding in 

buildings, this paper will consider a passive evaporative cooling wall 

(PECW). The alternative option proposed in this paper is an evaporative 

cooling system which can help reduce electricity consumption. This 

concept can be used in most dry climate area like the northern part of 

Nigeria where there is reasonable air speed, ambient air dry bulb 

temperature above (32ºC) and average relative humidity below (50%) at 

the same time (Awolola and Olorunmaiye, 2018). 

 

Structure of the Passive Evaporative Cooling Wall (PECW) 

The PECW in consideration was created by He, J. and Hoyano A. (2011) 

from Department of Civil Engineering, Gaungxi University, China. It is in 

form of a pipe with porous ceramic materials. The piped-ceramic possess 

the ability to soak up water when the lower end is lowered in the water 

tank.  

 
Figure 1: Schematic of Passive Evaporative Cooling Wall Constructed of 

Porous Ceramic Pipes with Water Soaking-Up Ability (A) Cooling Wall (B) 

Single Porous Ceramic Pipe and Water Tank (Chen et al., 2014) 

He and Hoyano, (2011) suggested that the practical PECW should have the 

following features: 

1. The PECW can achieve the following passive cooling effect; allow 

wind to pass through (ventilation cooling), solar shading and 
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radiation cooling (cooler surface whose temperature is nearly 

equals wet bulb temperature) 

2. It can be applicable in various residential or rural locations  

3. The pipe-shaped ceramic can be easily removed and replaced when 

damaged without headache  

4. Water supply to the base water tank should not to be pump aided.  

The ceramic pipes are arranged in a staggered manner for effective cooling 

of the incoming hot air. The arrangement design consists of 4 lines of 

ceramic pipes in the steel frame, 12 ceramic pipes were arranged in the 

first and third line and 11 ceramic pipes in the second and fourth line 

making the total of 46 ceramic pipes in the PEWC unit.  

 
Figure 2: Material and Dimension Specification of the Ceramic Pipe (He and 

Hoyano, 2011). 

 

Working Conditions of PECW 

As mentioned above the performance of the PECW depends on the ambient 

air temperature, humidity and air speed. This paper will consider a 

northern state in Nigeria - Maiduguri, Borno State (Latitude 11º50’47’’N 
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and Longitude 13º09’36’’E). The average maximum dry bulb temperature 

of Maiduguri from the October to late June range from (34ºC - 40ºC), this 

season is mostly dry with little or no rainfall thereby making relative 

humidity in this period far below (50%). (Najib et al., 2017). Awolola and 

Olorunmaiye (2018) reported in a paper presentation that the number of 

hours in which dry bulb temperature and relative humidity for Maiduguri 

are within appreciable evaporative cooling zone some up to 1971hours 

mainly within the month of October to June. Figures 3 & 4 below show 

average max and min temperature of Maiduguri and the average relative 

humidity respectively. 

 
Figure 3. Showing Average Minimum and Maximum Temperature in 

Maiduguri (www.weather-and-climate.com 2019). 

 

 
Figure 4. Showing Average Relative Humidity in Maiduguri 

(Www.Weather-And-Climate.Com 2019). 

 

Minimum evaporative cooling by the PECW occur in the months of July to 

September owing to high relative humidity. The aim of this study is to 

analyse the thermal comfort of the PECW using the computational fluid 

http://www.weather-and-climate.com/
http://www.weather-and-climate.com/
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dynamic simulation (CFD) results in term of leeward temperature, air 

velocity and even relative humidity.  

 

METHODOLOGY 

To predict the thermal improvement when the PECW is installed in a space, 

it is necessary to simulate spatial distribution of air temperature, airflow 

rate and probably air moisture content. ANSYS-Computational fluid 

dynamics (CFD) was use to simulate the interaction of the incoming hot air 

and water soaked porous ceramics pipes. The simulation is a practical 

alternative to physical demonstrations. The CFD is an analysis and 

simulation tool used in analysing the behaviour of physical systems, such 

as heat transfer and mass movement. Apart from use in design and 

optimising new product, it can also be used to troubleshoot existing once. 

CFD analysis enable designers and engineers to have a quicker method of 

processing modifications to the tested device since it gives room to vary 

conditions of variable parameters such as outdoor weather conditions, 

velocity of water running through the pipe and in the case of cooling wall 

(pipes) configuration. And also the time consuming and costly 

experimental testing can be controlled and reduced to a stage when final 

modification had been concluded and the tested device is seen feasible for 

installation. Although the accuracy and reliability are concern, but previous 

research shows that the correlation between the simulation and 

experimental data are acceptable (Franco et al., 2011). Simulation 

condition for the CFD was set under a steady-state condition and also 

Navier Stoke equations were solve using a Semi-Implicit Method for 

Pressure-Linked Equations (SIMPLE algorithm). The k-ε transport model 

was used because of the low speed as 5m/s (Hughes et al, 2014). The basic 

component of the CFD simulation is summarised in Table 1, some 

important boundary condition is also displayed. 

 

Table 1: Some Basic Component of the CFD Simulation  

Basic Component    Method 

Solver    3D Simulation 

Absolute Velocity Formulation   SIMPLE (First order) 

Energy Equation    ON 
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Viscous Model   k- ε Model (Realizable) 

Time   Steady State 

Gravity   -9.81 

 

RESULT  

Temperature Differential 

The incoming air temperature for sensible heat exchange was kept at 40ºC 

(314K) for the analysis while the wall of the ceramic pipes was assumed to 

be at same temperature as the water flowing through. The water is kept 

constant in this analysis at 25ºC (300K). A surface point on the last line of 

ceramic wall was selected to monitor the temperature variation, when the 

hot external air comes in contact. There is rise in the surface temperature 

of the ceramic wall indicating a possible reduction in the incoming air 

temperature. The surface temperature of the ceramic pipes depends on the 

ambient air temperature which varies throughout the day but in general 6-

8ºC difference in ambient air temperature and ceramic pipe surface can be 

achieved if the initials ceramic pipes temperature was kept at 25 ºC. 

 

Figure 5: Showing Point Monitor of Surface Temperature of Ceramic Pipe 

The surface temperature of the ceramic wall is different at different 

measurement points but the maximum surface temperature can be 

approximately 34 ºC (307K) for ambient air at 40ºC (314K). 
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Velocity Differential 

The velocity contours plot of air flow through the ceramic pipes consisting 

of 4 row staggered arrangement is shown in figure 6 below, the air enter 

through the pipe arrangement on the right at an average 5m/s wind speed 

for analysis purpose. At the leeward side of the ceramic pipes the fall to 

about 0.8-1.05m/s and distance away from the ceramic pipes record 

0.4m/s and less. The staggered-array ceramic pipe row arrangement will 

increase the contact time and rate of heat transfer and also reducing the air 

velocity to achieve maximum comfort 

 
Figure 6: Velocity Distribution on the Leeward Side of the PECW. 

 

CONCLUSION AND RECOMMENDATION 

The simulation result presented a study of heat transfer of hot dry air 

flowing through a passive evaporative cooling wall made of a porous piped 

with water soaking ability. The baseline inlet boundary conditions 

considered were external air at 40ºC, average wind speed of 5m/s and 

water flowing through pipe kept at 25ºC. These was selected to represent 

extreme weather conditions in Maiduguri. The surface temperature of the 

wet ceramic pipes shows a lower temperature to the ambient air, this 

indicates evaporation did occur. Humidity condition on the leeward side of 

the PECW is another factor to determine how comfortable human activity 

will be. Figure 4 above shows the relative humidity of Maiduguri in 2019 

INLET 
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indicate that most month have low average relative humidity which is the 

appropriate time to enjoy the effect of the PECW.  

The results presented are the predictions of the heat transfer from the 

ceramic pipes assuming it’s fully soaked with water at a constant 

temperature of 25 ºC. The surface temperature of the PECW, air velocity 

and air temperature on the leeward was reported to investigated the 

performance. The study identified that there is potential for the use of the 

evaporative cooling under weather condition of Maiduguri. It’s necessary 

to understand the weather characteristics of a location where the PECW 

will be installed. The PECW can achieve a reasonable cooling effect in most 

Northern Nigeria states with similar weather conditions as Maiduguri. It 

can be incorporated to building designs in rural areas in Northern Nigeria 

or even internally displaced persons camps (IDP). Most of these areas have 

no or lack adequate power supply. The IDP camp built in Borno was 

constructed with zinc sheets, PECW can be incorporated to help increase 

the thermal comfort in this shed. The internal temperature on a sunny day 

in weather like Borno where this zinc shed is constructed is capable of 

triggering adverse health condition because zinc is a highly heat absorbing 

material (Masiri et al., 2014). Limitation of the PECW can be related to 

water supply, it is not advisable in area with shortage of water and also 

area with extreme humid climate.  

 
Figure 7: IDP Camp Shed in Borno State (Igomu, 2020) 
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