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ABSTRACT: The calculations for sizing pad-fan evaporative cooling systems depend on the 

psychrometric properties of the air inside and outside of the greenhouse, appearing as a constant need 

for professionals in the agricultural sector. A software capable of performing these calculations is 

important to speed up this procedure. In this study a free software was developed to estimate the 

maximum efficiency of the porous panel, the ventilation rate of the exhaust fan and the climatic 

conditions of pad-fan evaporative cooling systems in greenhouses. The software, called Theoretical 

Evaporative (TE), was written in Java programming language, using the NetBeans platform. All 

equations and algorithms used in this development are presented, and were based on the mechanical 

ventilation and cooling principles. The software was tested by means of comparisons with real system 

sizing calculations performed manually and in electronic spreadsheet. The TE was efficient in sizing 

different evaporative cooling systems for greenhouses and can be used for performing consultations 

in the academic and commercial areas of agricultural sciences, being also advantageous for didactic 

purposes. Although this software is applied to greenhouse conditions, the methodology presented can 

be adapted for other environments, such as poultry, cattle and swine facilities. 
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PROGRAMA COMPUTACIONAL PARA DIMENSIONAMENTO DE SISTEMAS DE 

RESFRIAMENTO EVAPORATIVO TIPO PAINEL-EXAUSTOR EM CASAS DE 

VEGETAÇÃO 

 

RESUMO: Os cálculos para o dimensionamento de sistemas de resfriamento evaporativo do tipo 

painel-exaustor dependem das propriedades psicrométricas do ar dentro e fora da casa de vegetação, 

sendo uma necessidade constante entre os profissionais do setor agrícola. Um programa 

computacional capaz de realizar esses cálculos é importante para agilizar esse procedimento. Neste 

estudo um programa computacional gratuito foi desenvolvido para estimar a eficiência máxima do 

painel poroso, a taxa de ventilação do exaustor e as condições climáticas de sistemas de resfriamento 

evaporativo em casas de vegetação. O programa computacional, denominado Teórico Evaporativo 

(TE), foi escrito na linguagem de programação Java, utilizando a plataforma NetBeans. Todas as 

equações e algoritmos utilizados neste desenvolvimento são apresentados, e foram baseados nos 

princípios de ventilação mecânica e resfriamento. O programa computacional foi testado por meio de 

comparações com dimensionamentos de sistemas reais, realizados manualmente e em planilha 

eletrônica. O TE mostrou-se eficiente no dimensionamento de diferentes sistemas de resfriamento 

evaporativo para casas de vegetação, podendo ser utilizado em consultorias nas áreas acadêmica e 

comercial das ciências agrárias, sendo também vantajoso para fins didáticos. Embora este software 

seja aplicado a casas de vegetação, a metodologia apresentada pode ser adaptada para instalações de 

aves, bovinos e suínos. 

 

Palavras-chave: Agricultura; Psicrometria; Ambiente protegido; Ventilação 
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1 INTRODUCTION 

 

The impacts of global warming and the 

effort to reduce energy consumption implies the 

search for viable alternatives for air 

conditioning environments. Numerous studies 

have been motivated by the growing demand 

for ecological awareness, focused on eco-

efficiency and based on new technologies 

(SHRIVASTAVA; DESHMUKH; RAWLAN, 

2014). Considering sustainable procedures and 

processes, there is a consensus on the rational 

use of energy and water, favoring 

environmental and economic factors 

(KHOBRAGADE; KONGRE, 2016). 

Evaporation of water causes a cooling, 

and many times results from the decreasing of 

air temperature and the increasing of relative 

humidity due to artificial procedures that allow 

synchronous heat and mass transfer (STEIDLE 

NETO; ZOLNIER, 2010). The cooling systems 

are classified according to the thermal energy 

transfer media, as well as to how air comes in 

contact with the evaporated water. They can be 

classified as direct, indirect, double-stage, 

passive or semi-passive (MISRA; GHOSH, 

2018). 

The most common evaporative systems 

used in agricultural environments, such as 

greenhouses, aviaries, cattle and swine 

facilities, are based on evaporative panels that 

enable its entire surface to be coated with water 

(RONG et al., 2017). The water normally 

permeates the porous material from the top by 

gravity, so that the contact area with the air 

passing through the panel is sufficient to 

provide air cooling. The thickness of the panel 

and the amount of water introduced into the 

system depend on the design of the agricultural 

facility and on the material used in the panel. In 

this sense, a number of studies have 

investigated the performance of evaporative 

cooling systems using different porous 

materials as evaporation medium (DUAN et al., 

2022). 

The calculations for sizing evaporative 

systems depend on the psychrometric 

properties of the air, in addition to the 

conditions of the environment in which they are 

installed. This procedure is a constant need for 

professionals in the agricultural sector, 

especially those who work with greenhouses 

(NELSON, 1991; MISRA; GHOSH, 2018). 

Currently, this sizing is performed manually or 

through spreadsheets and tables, spending time 

as it requires caution when considering the 

values and equations applied (SHOJAEI et al., 

2021). Thus, a software capable of performing 

these calculations and speeding up this 

procedure is required, helping the professionals 

of the agrarian sciences in their analyses and 

acting as a didactic tool. 

In this work a free software was 

developed to estimate the maximum efficiency, 

the ventilation rate and the psychrometric data 

required for installing evaporative cooling 

systems in greenhouses. 

 

2 MATERIAL E MÉTODOS 

 

2.1 Sizing of evaporative cooling systems 

 

The calculations implemented in the 

proposed software were based on the 

mechanical ventilation and cooling principles, 

considering the panel-exhaust evaporative air-

cooling systems (NELSON, 1991; NGMA, 

2008). In these arrangements an adiabatic 

humidification process occurs, in which the 

external air is forced into the greenhouse by 

exhaust fans, passing through a porous panel 

moistened with water (STEIDLE NETO; 

ZOLNIER, 2010). Thus, the sizing of panel-

exhaust evaporative air-cooling systems 

includes estimating the maximum efficiency of 

the evaporative panel and the required porous 

material area. Other sized parameters are the 

exhaust fan diameter, the motor power of the 

exhaust fans and the ventilation rate required by 

the system. 

One of the most important parameters 

for starting the design of ventilation or cooling 

systems is the reference ventilation rate (2.5 m3 

min-1 m-2), which was experimentally 

determined as the appropriate rate for air 

renewal in a greenhouse built at sea level, 

considering a solar radiation of 500 W m-2 

(NELSON, 1991). Under these conditions, as 

the cooled air passes through the greenhouse, it 

increases around 3.9 °C by the time it reaches 

the exhaust fans (NGMA, 2008). For different 



Oliveira et.al/Software for sizing.../v38n2p14-25 (2023)                                                16 

conditions the reference ventilation rate must be 

adjusted. 

At higher altitudes, a greater volume of 

air is required to provide the equivalent weight 

of air necessary for removing heat. Thus, an 

altitude factor is used to compensate the 

differences of elevation, correcting the 

reference ventilation rate (BELKADI NETO; 

MEZGHANI; MAMI, 2021): 

 

Fa = (99.187 / P)                         (1) 

 

Where Fa is the altitude factor 

(dimensionless) and P is the local atmospheric 

pressure (kPa). 

 

Another important adjustment factor is 

related to the temperature increase from porous 

panel to exhaust fan, which is inversely 

proportional to the airflow rate (NGMA, 2008): 

 

Ft = (3.9 / ΔT)                                     (2) 

 

Where Ft is the temperature factor 

(dimensionless) and ΔT is the increase in air 

temperature along the length of the greenhouse 

(°C). 

 

Furthermore, the light intensity within 

the greenhouse depends on its location and the 

shading pattern, affecting the amount of heat 

input into the system. These differences are 

adjusted by a light intensity factor, based on a 

moderately shaded greenhouse (NELSON, 

1991): 

 

Fr = (R / 500)                          (3) 

 

Where Fr is the light intensity factor 

(dimensionless) and R is the maximum solar 

radiation within the greenhouse (W m-2). 

 

For distances between the porous panel 

and the exhaust fan smaller than 30.5 m, the 

cross-sectional airflow velocity within the 

greenhouse tends to be very low, leading to the 

greenhouse seems clammy or stuffy even 

though the airflow rate is sufficient for heat 

balance. In these cases, a velocity factor must 

be applied to produce a more desirable air 

velocity level within the greenhouse (NGMA, 

2008; BELKADI NETO; MEZGHANI; 

MAMI, 2021). 

 

Fv = 10 / (3.28083 C)-1/2                        (4) 

 

Where Fv is the velocity factor 

(dimensionless) and C is length of the 

greenhouse (m). 

 

Considering the adjustment factors and 

the reference ventilation rate, a theoretical 

ventilation rate of the system can be estimated 

(NELSON, 1991): 

 

Tv = (A Vr Fa Ft Fr Fv) / n                        (5) 

 

Where Tv is the theoretical ventilation 

rate (m3 min-1 exhaust fan-1), Vr is the reference 

ventilation rate (m3 min-1 m-2), A is the area of 

the greenhouse (m2) and n is the number of 

exhaust fans (dimensionless). 

 

Once the theoretical ventilation rate is 

determined, the nearest and higher standard 

commercial value is normally chosen for the 

real system deployment. Based on this value, 

other commercially available specifications are 

selected, such as the porous  

 

Area, and the exhaust fan diameter and 

motor power. 

The total area of porous material is 

calculated by multiplying the selected 

commercial and individual area by the number 

of exhaust fans installed in the greenhouse. 

Adequate number of fans must provide a 

spacing of not more than 7.6 m along the 

exhaust side of the greenhouse (NGMA, 2008). 

Another sizing parameter is the air velocity in 

the porous material, determined as (NELSON, 

1991): 

 

V = Tc n /Ap                                     (6) 

 

Where V is the air velocity in the porous 

material (m min-1), Tc is the commercial 

ventilation rate (m3 min-1 exhaust fan-1) and Ap 

is the total area of porous material (m2). 

 

The maximum efficiency of the porous 

panel mainly depends on its material, the 



airflow in this material and the thickness of the 

evaporative panel. In addition to these factors, 

the efficiency is affected by the variations in 

temperature and relative humidity of the 

external air throughout the day. Panels 

produced by different manufacturers will have 

different efficiencies, and even with the same 

porous materials, the efficiency may vary 

throughout the day (STEIDLE NETO; 

ZOLNIER, 2010). Thus, the temperature and 

relative humidity values estimated during the 

sizing for the indoor air conditions just after 

passing through the porous panel should be 

slightly different in real situations, since that 

these calculations consider the maximum 

efficiency of the panel. 

In this work, the efficiency curves of 

commercial evaporative cooling panels were 

digitized (SANTOS; RAMOS, 2001), 

generating polynomial equations relating the air 

velocity in the porous material with the panel 

efficiency for different panel thicknesses. 

Future works will focus on extending this 

database, considering other panel models, 

porous materials and manufacturers. 

The changes in air conditions at 

different locations within the greenhouse due to 

the evaporative cooling system are directly 

associated with the psychrometric properties of 

the air. In this work, the calculations of 

temperature and relative humidity considered 

the outside air at the entrance to the greenhouse, 

the indoor air just after passing through the 

porous panel and the indoor air at the exit of the 

greenhouse (Figure 1).

 

Figure 1. Longitudinal section of a greenhouse showing the evaporative cooling system, exhaust fan 

and estimated air conditions 

 
Source: The authors 

 

The temperature of the air just after 

passing through the porous panel depends on 

the air conditions outside and inside the 

greenhouse, in addition to the efficiency of the 

porous panel (STEIDLE NETO; ZOLNIER, 

2010): 

 

Tp = 100 Te + η (TBUe - Te)             (7) 

 

Where Tp is the dry-bulb temperature of 

the air just after passing through the porous 

panel (°C), Te is the dry-bulb temperature of the 

air outside the greenhouse (°C), η is the 

maximum efficiency of the porous panel 

(decimal) and TBUe is the wet-bulb 

temperature of the air outside the greenhouse  

 

The dry-bulb temperature is the air 

temperature measured by a standard 

thermometer, reflecting the cooling impact of 

dissipating water (SEIN et al., 2021). On the 

other hand, the wet bulb temperature represents 

the lowest temperature that can be achieved by 

adiabatic humidification (SIDEBOTHAM, 

2022), and can be measured by a psychrometer 

or estimated by an iterative method. In this 

study the second possibility was applied and the 

wet-bulb temperature was estimated by 

iteratively decrementing the dry-bulb 
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temperature of the air outside the greenhouse, 

maintaining constant the enthalpy, until 

reaching a relative humidity higher than 0.99. 

At each iteration the relative humidity was 

recalculated as a function of the external 

absolute humidity and the decremented 

temperature by using the psychrometric 

relations, as show in Figure 2. The adiabatic 

humidification process takes place by the 

incorporation of moisture from the air without 

adding or removing heat, leading to a drop in 

the air temperature and an increase of the 

relative humidity, while the air enthalpy does 

not change (LOPES; STEIDLE NETO; 

SANTIAGO, 2014). Therefore, the wet bulb 

temperature of the air just after passing through 

the panel is considered equal to that of the 

external air.

 

Figure 2. Algorithm of the iterative procedure to obtain the wet bulb temperature of the air 

 
Source: The authors 

 

The relative humidity of the air just after 

passing through the evaporative panel was 

calculated based on the saturation and partial 

vapor pressures, both estimated based on the 

dry-bulb temperature of the air just after 

passing through the porous panel 

(SIDEBOTHAM, 2022): 

 

RH = 100 PV / PVS                         (8) 

 

Where RH is the relative humidity of the 

air (%), PV is the partial vapor pressure (kPa) 

and PVS is the saturation vapor pressure (kPa). 

The saturation and partial vapor 

pressures were calculated simulating 

measurements from an aspirate psychrometer 

(NANDAGOPAL; NUGGENHALLI, 2022):

 

PVS = 6 x 10²⁵ e - 6800 / (T+273.15) / [1000 (T + 273.15)⁵]     (9) 
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PV = PSU – 0.00067 P (T - TDB)          (10) 

 

Where PVS is the saturation pressure of 

vapor (kPa), T is the dry-bulb temperature (°C), 

PSU is the saturation vapor pressure at wet-bulb 

temperature (kPa) and TDB is the wet-bulb 

temperature (°C). 

 

The indoor air at the exit of the 

greenhouse corresponds to the temperature of 

the air just after passing through the evaporative 

panel added to the temperature increase along 

the length of the greenhouse. The relative 

humidity of the air at this location was also 

calculated by Equation 8, but considering the 

temperature at the exit of the greenhouse in the 

calculation of the saturation vapor pressure and 

changing the equation used to obtain the partial 

vapor pressure (SIDEBOTHAM, 2022): 

 

PV = [P (UE + ΔU)] / [0.622 + (UE + ΔU)] (11) 

 

Where UE is the specific humidity of 

the air just after passing through the evaporative 

panel (g g-1) and ΔU is the specific humidity 

increase along the length of the greenhouse (g 

g-1). 

 

The specific humidity increase along the 

length of the greenhouse depends on the air 

density, the commercial ventilation rate, the 

number of exhaust fans and the crop 

evapotranspiration rate, while the mass of water 

vapor in a unit mass of moist air just after 

passing through the evaporative panel depends 

on the partial vapor and atmospheric pressures 

(STEIDLE NETO; ZOLNIER, 2010; 

NANDAGOPAL; NUGGENHALLI, 2022): 

 

UE = 0.622 PV/ (P – 0.378 PV)          (12) 

 

ΔU = 60 TE / (0.02831685 ρ Tc n)          (13) 

 

TE = 0.27778 (Ev A To / 100)            (14) 

 

Where TE is the crop evapotranspiration 

rate (g s-1), ρ is the air density (kg m-3), Ev is 

the crop evapotranspiration (mm h-1) and To is 

the occupied area in the greenhouse (%). 

 

The air density is affected by the 

variations in temperature and pressure, and was 

estimated as (LOPES; STEIDLE NETO; 

SANTIAGO, 2014):

 

ρ = (3483.7 (Pa - PV) / (Tp + 273.15) + 2166.8 (PV / (Tp + 274.15))) / 1000   (15) 

 

2.2 Software development 

 

The software for sizing evaporative 

cooling systems of greenhouses was called 

Theoretical Evaporative (TE), and was 

developed using the NetBeans programming 

platform (Sun Microsystems, Vancouver, 

Canada). This open-source integrated 

development environment comprises user-

friendly interface editor based on Object 

Oriented Programing, in addition to an editor 

that highlights source code syntactically and 

semantically, speeding up the refactoring and 

the identification of errors. The NetBeans 

platform also contains APIs that simplify the 

handling of windows, actions and files, 

supporting the development of all Java 

application types, such as Java Standard Edition 

including JavaFX, Java Mobile Edition, Web, 

Enterprise JavaBean and mobile applications 

(BAI, 2020). 

Programming was performed in two 

stages, that were the interface generation and 

the code writing. During the interface creation, 

four windows were developed for data input 

and output, as well as for showing information 

about the software. These windows were 

implemented from a dedicated Java library, 

called Swing toolkit, which is widely used for 

this purpose (CIRANI et al., 2020). This library 

is native to NetBeans, simplifying the interface 

programming task and allowing to assemble 

complex graphical user interfaces (GUI) by 

placing components, such as buttons, labels, 

text areas and other, on a panel or a frame 

(DESCHAMPS; RIES, 2020). The java codes 

were linked to the buttons of the developed 

windows, where the equations and algorithms 

required for sizing the evaporative cooling 

systems of greenhouses were implemented 

according to the logical order of the tasks. 
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During the tests different sizing 

parameters were used, based on data available 

in scientific literature for different greenhouse 

operation conditions (Table 1).

 

Table 1. Main greenhouse operation conditions used during TE tests 

Length (m) Width (m) Altitude (m) Location Reference 

18.3 6.5 648.0 Brazil STEIDLE NETO e  ZOLNIER 

(2010) 

40.0 8.0 599.0 Saudi Arabia TSAFARAS et al. (2021) 

6.0 4.5 2256.0 Mexico OLVERA-GONZALEZ et al. 

(2013) 

20.0 8.0 120.0 Greece FERENTINOS et al. (2017) 

11.0 5.2 10.0 Japan KHAMMAYOM, 

MARUYAMA e 

CHAICHANA (2022) 
Source: The authors 

 

Other parameters were the indoor 

maximum solar radiation (100 – 1000 W m2), 

increase in air temperature along the length of 

the greenhouse (1.5 – 8.5 °C), number of 

exhaust fans (1 - 6), external air temperature (25 

– 40 °C), external relative humidity (25 – 70%), 

occupied area in the greenhouse by the crop (50 

– 95%) and crop evapotranspiration rate (0.5 – 

2.5 mm h-1). All scenarios were sized 

considering porous panels with 10 and 15 cm of 

thickness. The reports were generated and 

compared to the calculations performed 

manually and in electronic spreadsheet. 

 

3 RESULTS AND DISCUSSION 

 

The software Theoretical Evaporative 

(TE) is freely available at 

https://www.ufsj.edu.br/dciag/aplicativos.php. 

This computational tool is easy-to-use and 

GUI-based. It can be executed on most 

Windows and Linux PCs without the need for 

dedicated cloud-hosted services. The software 

TE is composed by a main window for data 

input (Figure 3), where all information required 

for the sizing procedure are informed. The other 

windows can be accessed from this through 

specific buttons. Message dialogs were 

programmed to display a warning when 

inconsistent data is informed in this window, 

preventing the software from proceeding with 

the calculations. The variables with limited 

variation ranges in the TE were: greenhouse 

length (6 – 50 m), greenhouse width (2 – 15 m), 

altitude (0 – 3000 m), indoor maximum solar 

radiation (100 – 1200 W m-2), increase in air 

temperature along the length of the greenhouse 

(1 – 10 °C), number of exhaust fans (1 - 10), 

external air temperature (5 – 50 °C), external 

relative humidity (5 – 99.9%), crop 

evapotranspiration rate (0 – 5 mm h-1) and the 

occupied area in the greenhouse by the crop (5 

– 95%). 

Figure 4 shows the report window, 

which can exhibit summary or detailed results, 

depending on user choice. Data can be saved in 

a text file, with the option of selecting the folder 

where information will be recorded. The 

summary report is generally preferred for 

farmers or greenhouse managers, presenting the 

results more objectively and focusing on 

information required for the evaporative system 

installing. These include the area of the 

greenhouse, theoretical and commercial 

ventilation rates, exhaust fan diameter and 

motor power, total porous material area, panel 

maximum efficiency, indoor air temperature 

and relative humidity just after passing through 

the panel, temperature and relative humidity of 

the indoor air leaving the de greenhouse. The 

detailed report is a better option for academic 

purposes, as it presents all calculations 

performed during the sizing procedure. That is, 

in addition to the information presented in the 

summary report, results of all psychrometric 

calculations and adjustment factors performed 

as auxiliary and supplementary calculations are 

showed.

 



Figure 3. Main window of the software TE 

 
Source: The authors 

 

Figure 4. Report window of the software TE 

 
Source: The authors 

 

Figure 5 presents the alternative result 

window, which shows the main components of 

the evaporative cooling system and its sized 

values. This window allows a more direct and 

objective visualization and understanding of the 
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main data related to the exhaust fan and porous 

panel sizing. 

In all windows the buttons and other 

graphical elements were inserted aiming at 

enabling the intuitive use of the software. Thus, 

the same style (colors, element placement, fonts 

and font sizes) was applied to all screens, as 

well as the most common technical terms and 

parameter units were used in the texts. This 

standardization allowed to present information 

and functionalities of the software in a simple 

and effective manner, helping the easily 

adaptation to the system and learning about 

how to use it.

 

Figure 5. Alternative window with the main sized components 

 
Source: The authors 

 

Regarding the tests with the software 

TE, the results were identical to those 

calculated manually and with an electronic 

spreadsheet. All warning messages were 

correctly activated when required. When 

considering the different operation scenarios, 

TE was capable of correctly sizing the 

evaporative cooling systems of greenhouses, 

including the psychrometric properties of the 

air and the environmental conditions (Table 2).

Table 2. Main sized parameters during the tests performed with the software TE 

Parameter Minimum  Maximum  Average 

Temperature drop just after the panel (°C) 2.2 15.0 6.49 (± 4.5) 

Relative humidity increase just after the panel 

(%) 
15.0 61.0 35.4 (± 15.4) 

Commercial ventilation rate (m3 min-1) 430.2 967.9 680.3 (± 198.9) 

Porous area (m2) 4.0 12.6 7.7 (± 2.6) 

Maximum efficiency of porous panel (%) 79.5 89.0 84.2 (± 4.9) 

Exhaust fan diameter (m) 60.9 137.2 82.3 (± 31.5) 

Exhaust fan motor (hp) 0.3 1.0 0.7 (± 0.3) 
Source: The authors 

 

As expected, maximum temperature 

drops and relative humidity increases were 

estimated for evaporative cooling systems 

installed in Saudi Arabia, due to the dry climate 

of the country. Al-Helal (2007) affirmed that 

extreme dry climates ensure large effects when 

using evaporative cooling systems in 

greenhouses, considerably reducing the air 



temperature while increasing the humidity, and 

creating a favorable climate for vegetable 

production. The estimates obtained with the 

software TE agreed with Tsafaras et al. (2021), 

who verified temperature drops around 14 °C 

and relative humidity increases up to 55% when 

investigating the evaporative cooling effects in 

two greenhouses located at a desert 

environment in Saudi Arabia. 

The ventilation rate is related with the 

air changing in the greenhouse, and many times 

incorrect sizing leads to rates too high, also 

impacting the values for the exhaust fan 

diameter and power (KHAMMAYOM; 

MARUYAMA; CHAICHANA 2022). Average 

differences between the revised studies and the 

estimates performed by the software TE for 

these parameters were approximately 9%. 

When considering the porous areas and 

the maximum efficiency of the cooling pads, 

porous material with greater thickness were 

10.4% more efficient on average, also resulting 

in 27.7% smaller areas on average. The higher 

efficiency of the panels with larger thickness 

can be explained since the contact area between 

water and air mass increases due to the longer 

contact duration (TEJERO-GONZÁLEZ; 

FRANCO-SALAS, 2021). This agrees with 

Prozuments et al. (2022), who showed that 

increases in the cooling pad thicknesses 

improve saturation effectiveness, temperature 

drop and water evaporation rate. 

In addition to the thickness of the panel 

and the airflow through the porous material, the 

momentary efficiency of the porous material is 

influenced by the variation in temperature and 

relative humidity of the outside air throughout 

the day. Since the estimates of the software TE 

consider the maximum efficiency of the porous 

panel, as well as average external climate 

conditions, the temperature and relative 

humidity values just after the air passes through 

the panel and at the exit of the greenhouse may 

be slightly different in real situations for 

different times of day and seasons. 

 

4 CONCLUSIONS 

 

The software Theoretical Evaporative 

(TE) is capable of speeding up the evaluation 

and planning of evaporative cooling systems in 

greenhouses, and can also be used for didactic 

purposes. The GUI and ready-to-run free 

download for Windows or Linux improves 

accessibility to the proposed tool. The 

methodology used in the development of this 

software can be adapted for different 

applications, such as aviaries and facilities for 

swine and cattle. It can further be used in 

control and automation systems, through 

adaptations in the algorithm and connection 

with adequate data acquisition systems. Future 

works include to expand the panel database, 

including other porous materials, different 

manufacturers and thicknesses. 
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