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ABSTRACT: Thermal comfort inside broiler husbandry facilities is essential in obtaining good results in 
the production activity. Assessment of adequate thermodynamic conditions requires measurement and 
control, usually implying costs and specialized maintenance. The objective of this research was to monitor 
the temperature, relative humidity and air speed distributions by a developed low-cost, open-source and easy-
to-use measurement system, using Arduino (hardware) and Scilab (software) for real-time data acquisition. 
Sensors were installed in a real facility (Cianorte, PR), with measurements for internal ambient (20 sensors for 
temperature/relative humidity, and two sensors for differential pressure, respectively 0.5 and 1.5 m high) and 
external ambient (pressure and wind speed, 1.5 m high). Data acquisition system has enabled communication 
with sensors which are easily read by the computer and stored in a data file. The developed data acquisition 
system proved to be efficient when applied in a commercial broiler husbandry facility, enabling real-time 
monitoring for thermal comfort parameters.
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Monitoramento do conforto térmico em aviários mediante sistemas
de aquisição de dados em tempo real

RESUMO: O conforto térmico no interior de instalações de criação de frangos de corte é essencial na obtenção 
de bons resultados nesta atividade de produção. A avaliação das condições termodinâmicas adequadas 
requer a medição e controle, geralmente implicando em custos e manutenção especializada. Neste trabalho, 
objetivou-se monitorar a distribuição de temperatura, umidade relativa e velocidade do ar utilizando sistema 
desenvolvido, de baixo custo, de código aberto e de fácil uso, com Arduíno (hardware) e Scilab (software) 
para aquisição de dados em tempo real. Os sensores foram instalados em uma unidade de produção existente 
(Cianorte, PR), com medições para o ambiente interno (20 sensores de temperatura/umidade e 2 sensores de 
pressão diferencial, respectivamente, a 0,5 e 1,5 m de altura) e para ambiente externo (pressão e velocidade 
do vento, a 1,5 m de altura). Sistema de aquisição de dados permitiu a comunicação com sensores, que são 
facilmente lidos por computador e armazenados em um arquivo de dados. O sistema de aquisição de dados 
desenvolvido provou-se eficiente quando aplicado em uma instalação de criação comercial de frangos de 
corte, permitindo o monitoramento em tempo real para os parâmetros de conforto térmico.
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Introduction

In confined environments, typical for breeding, thermal 
comfort monitoring and control are essential to ensure the 
health and growth; as well as proper ergonomics and human 
health (Carvalho et al., 2014). Energy efficiency aspects 
(thermal or electric) and environmental impact are also 
required, both related to energy use for heating or cooling, 
which reflect in production costs. Typical parameters for 
determining the thermal energy flow (heat or cold) include: 
dry bulb and wet bulb temperatures (T, °C), relative humidity 
(RH%), air speed (v, m s-1), internal and differential pressures 
(Pi and ΔP, Pa), enthalpy (kJ kg-1); and others of specific 
interest: contaminants concentration and odors (air quality, e.g. 
ammonia and CO2), brightness (sunlight/natural or artificial) 
and ambient noise (noise pollution).

In aviculture and pig farming, an experimental approach is 
usually used for measurement of variables of interest (Ferraz et 
al., 2017). Recently it has been combined to the computational 
simulation (CFD) to evaluate an existing system (Coradi et 
al., 2016; Cordeiro et al., 2016); which can be validated by 
real measurements (Blanes-Vidal et al., 2008, 2010; Seo et al., 
2011). Besides, combining experimental and numerical results 
makes it possible to evaluate any modifications, constructive 
or operational, to provide a better thermal comfort condition 
(Hernandez et al., 2016); quantitatively (lower energy 
consumption) and qualitatively (animal health).

Literature reports that a single measuring instrument 
(HOBO® data logger type sensor) at a broiler house central 
point was considered for temperature and RH data acquisition 
(Santos et al., 2009). In another situation (Nascimento et al., 
2014), the internal environment is split into six areas, and at 
each center position the same measuring instrument, each one 
costing about 125 US$ dollars.

Thus, the first objective of this study to use a data 
acquisition system of low cost, open source and easy to use 
(Arduino and Scilab, respectively hardware and software) for 
measurement and control of temperature, relative humidity, 
and air speed in aviaries. The proposal allows overcoming 
difficulties inherent to the acquisition of data on the actual 
situation, to achieve thermal comfort conditions over the 
most prolonged period possible. The second objective was to 
take data generated of temperature and boundary condition 
and, also, collected air speed to validate the developed model, 
carry out a computational fluid dynamics (CFD) numerical 
simulation with the experimental results and, in the future, 
propose modifications of the original system.

Material and Methods

Broiler husbandry facilities are in a country area at Cianorte, 
PR, Brazil (23o 39' 46'' S, 52° 36' 18" W, and 490 m of altitude). 
Köppen’s climate classification is Cfa (temperate subtropical 
and warm). Poultry barn geometry and characteristics 
are: 6,000 m3 or 2,400 m2 (160 x 15 x 2.5 m; 0.1 m bedding 
thickness), trees shade at the north side (10 m away), 30,000 
broilers capacity, tunnel ventilation system and evaporative 
cooling, “Dark House”-type lighting system (low sunlight 

incidence) and side curtains (double and high-density liner), 
roof ceiling with zinc coverage and without thermal insulation. 
Experimental measurements took place in Autumn season 
(2015, April). See Figure 1.

Ventilation is through 10 axial exhaust fans (negative-
pressure, horizontal blades, square window L = 1.4 m and 
D = 1.27 m, three-bladed, nominal flow rate ≈ 30,000 m³ h-1 
at PStatic = 28 Pa, 736 W each one) at the airflow outlet, and 
evaporative cooling system available at the airflow outlet (15.6 
x 1.8 m each side, 0.15 m x 2 layers of honeycomb cooling 
pads). Each fan is turned-on/off according to demand. Lighting 
includes gradual control for 140 LED (5W, each).

Figure 1. Geographical location in Paraná state (A), broiler 
husbandry facilities (B), and fan performance (C)

C.

B.

A.
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accuracy ± 0.5 °C). Sensors installed near the exhaust fan and 
the external environment.

c) Air speed is measured with an anemometer (model: 
AD-250), range 0.4-30.0 m s-1, resolution 0.1 m s-1, accuracy 
± 3% (≤ 20 m s-1) or ± 4% (> 20 m s-1).

Broiler weight was evaluated in 10 animals. Mass values and 
days of life were the following: 199 g (day 7), 514 g (day 14), 
1049 g (day 21), 1679 g (day 28), 2179 g (day 35 or 94 of 2015 
– data acquisition beginning), and 2884 g (day 42). Optimum 
temperature ranges, according to broiler development stage 
from its birth, are pointed out next (Fabrício, 1994): 32-35 ºC 
(1st week), 29-32 ºC (2nd week), 26-29 ºC (3 and 4th weeks), 
20-23 ºC (5th week), and 20 ºC (6 and 7th weeks); as for 
optimal RH, it goes from 60 to 70% at all development stages. 
When submitted to T > 38 ºC and high RH, there is a mass 
decrease gain since environmental variables directly affect 
feed conversion efficiency and also great risk of death in birds 
(Abreu & Abreu, 2011).

Instruments positioning (sites) and technical specification
Experimental measurements used sensors (Figure 2, 20 

for temperature and RH; 2 for pressure), with recordings 
at Δt = 30 min (pressures and wind speed with Δt = 60 min), 
during 7 days, positioned at 0.5 m (for temperature and RH) 
and 1.5 m (pressure and wind speed) above the ground; thus 
results closer  to  the average level of the animals, typically 
0.1-0.30 m (Coradi et al., 2016). Mean values are based on 
sensors registering taken almost instantly and send to Arduino 
for recording, as, for example, 10 records in 2 seconds or even 
lower. Five manual recordings for air speed were taken at 
each internal point (only one sensor available); methodology 
baseline is from literature, with adaptations, once a six-minute 
permanence at each site is proposed by Blanes-Vidal et al. 
(2008).

Adequate sensors protection was provided – given the 
livestock environment which can influence the measuring 
instruments (ex: dust). A plane parallel to the floor was selected 
for devices positioning; it would be possible to have included 
asymmetrical arrangements in the tunnel ventilation system, 
and even with different running conditions of the exhaust fans. 

Measurement instruments’ main technical specifications 
and uncertainties, according to information provided by the 
manufacturer of each device, are:

a) Temperature and RH sensors (Figure 3), model DHT22 
(RHT03 or AM2302), range -40~80 (°C) and 0-100 (%), 
resolution 0.1 °C and 0.1%, accuracy ± 0.5 °C and ± 2%; it 
has intermediate cost and accuracy and is already calibrated, 
with cameras and adjustment coefficients stored in the sensor 
itself, and also compatible to Arduino platform (Jazizadeh et 
al., 2014).

b) Pressure sensor model BMP180 (Figure 3), range 95-
105 kPa (at 25 °C), resolution 1 Pa (Pstatic), accuracy ± 12 Pa, 
Bosch  Sensortec. Pressure values were compensated by a 
digital thermometer (range 0-65 °C, resolution 0.1 °C, 

Figure 2. Sensor positioning at broiler husbandry facilities (lateral and top views)

Figure 3. Temperature (A) and pressure (B) sensors, and wind 
speed device (C)

C.

B.
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d) The temperature at solid surfaces (ex: walls, lining, cables, 
etc.), measured with a non-contact infrared thermometer 
(model RC002i), range 0-60 °C, resolution ± 0.1 °C, accuracy 
± 0.3 °C.

e) Wind speed and direction (North-South and East-
West wind velocities) measurement device was designed 
with two distance sensors, and low-cost apparatus to be 
connected to the Arduino platform (Camargo, 2015), see 
Figure 3. The calibration curve (range, 0.4–4.0 m s-1) is in two 
directions aligned with the two distance sensors, referenced to 
anemometer values (AD-250). Sensor installed at 5 m height. 

Data acquisition system (hardware and software) 
The measurement system was designed for low-cost, real-

time and open-source devices (software and hardware), with 
suitable components. The crucial parts of a measuring system 
are sensors, which are devices capable of detecting and reacting 
to a signal (ex: electrical current), readable by a card (or 
Arduino). Hardware (Arduino): consists of a microcontroller 
board, with advantages compared to personal computers; it 
is low-cost, cross-platform nature (independent operating 
system), simple and clear programming environment, and 
open-source (Arduino Platform). The software SciLab is free 
and open-source for numerical computation (engineering 
applications and scientific research), compatible with many 
operating systems and capable of graphic constructions.

Data acquisition system consists of low-cost sensors 
(digital: DHT22 and BMP180; analog: QRD1114), connections 
and cables (CAT6, computers network type), open-source 
hardware and software, and data storage. Thermal comfort 
analysis requires proper sensors mounted to a data acquisition 
system able to measure the following variables: temperature, 
relative humidity, air speed, and pressure. Also, those 
variables are required to boundary conditions or samples 
for validation, in the computational fluid dynamics (CFD) 
simulation. Besides, the Arduino platform records data from 
sensors (analog or digital form) and can send the information 
elsewhere. Additional information for the system design herein 
presented, including communication between microcontroller 
and computer, data storage and processing, are available in 
Camargo (2015).

Numerical model, CFD simulation and validation
The temperature distribution is of utmost importance when 

looking for thermal comfort, as well as for validation of airflow 
simulation and modeling. Boundary conditions required for the 
computational simulation (Camargo, 2015) are: temperature and 
RH (experimental) at the airflow inlet; convection heat transfer 
coefficient at the floor, h = 19.25 W m-2 K-1 (Xin et al., 2001; 
Seo et al., 2009); differential pressure from axial exhaust fans, 
ΔP = 48.7 Pa (when all exhaust fans are operating), Figure 1C; 
head loss at evaporative cooling pads; heat transfer at the walls 
and liners, from materials properties (Seo et al., 2009) and 
external temperature (experimental).

Results are for tetrahedral mesh (1.5 x 106 elements, 0.77 
mean quality and 0.85 maximum obliquity), by using ANSYS 
Meshing (Ansys Fluent 12.0). Outlet airflow considered 7.7, 
9.7 and 11.0 kg s-1 (5% downstream turbulence; Dh = 1.27 m, 

hydraulic diameter). Inlet airflow considered ΔP = 0 Pa (7% 
turbulence intensity; Dh = 2.5 m). Liners (6 mm thickness) and 
curtains (5.16 mm thickness) considered v = 0 m s-1 (non-slip 
condition), 10 mm roughness and external air temperature, 
except for closing walls (adiabatic as a boundary condition). 
For mesh details, see Camargo (2015). A CFD validation 
analysis was performed by NMSE - Normalized Mean Square 
Error methodology (Curi et al., 2017).

Results and Discussion

Experimental results were obtained to determine the 
temperature, relative humidity (RH) and air speed distribution, 
looking for thermal comfort conditions and computational 
results comparison and validation. Temperature contour 
fields (ANSYS CFD-Post) are from 27-34 °C (300-307 K), the 
maximum temperature to avoid broiler thermal stress (Blanes-
Vidal et al., 2008). A low-cost, open-source and easy-to-use 
measurement system was developed, using Arduino (hardware) 
and Scilab (software) for real-time data acquisition, similar 
to other literature results (Zhang et al., 2000; Ferdoush & Li, 
2014). A method was required to measure and validate the 
physical quantities of the object of study (Bustamante et al., 
2013; Hernandez et al., 2016).

Figure 4 indicates experimental results obtained for 
temperature and RH (288 h recording; 2015, 94th up to 
101st day), the main variables when determining the air 
thermodynamic state. Inside the husbandry facilities, 
temperature sensors indicate a maximum ΔT = 3.2 °C in the 
whole airflow (125 m from the inlet to the outlet); while a 
maximum ΔT = 1.7 °C occurred when comparing internal 
and external temperature values (Figure 4). RH saturation (2nd 
day measurements) are due to climate changes which resulted 
in rainy weather. Maximum temperature values (at each day) 
were considered as a boundary condition in the computational 
fluid dynamics (CFD) simulation; as well as inlet and outlet 
airflow data. External measurements (barometric pressure and 
wind speed) at the outside of the husbandry facilities were also 
recorded (Camargo, 2015), but no abrupt changes occurred in 
the period (96.1-96.5 kPa and wind speed < 3 m s-1); as well 
for the differential pressure at the exhaust fans (95.2-96.0 kPa). 
Exhaust fans were turned on between data point 50-55 (4th day 
experiment) when small chicks arrived in the broiler house.

Airflow speed (internal), temperature and humidity profiles, 
obtained from experimental data Scilab post-processing, are 
in Figure 5. High values for airflow speed occurs near inlet 
positions, because the fan deflectors direct air upwards, and 
then, it is again redirected downwards after reaching the roof 
liner. RH changes are more pronounced in the outlet (left side) 
than in the inlet position, likely due to an asymmetric opening 
of the exhaust fans (Figure 2), providing a delay between 
installation left and right sides. Nevertheless, the inside as a 
whole indicates RH higher than optimum values (~60-70%; 
Fabrício, 1994); as for temperature isolines, a ΔT = 2.5 °C 
occurs when comparing inlet and outlet airflow positions.

Figure 6 shows a comparison, numerical versus experimental 
results, for airflow speed and temperature. Temperature 
distributions have small differences when compared to airflow 
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Figure 4. Pressure (A), temperature and relative humidity - RH (B), pressure and wind speed (C) during seven days of measurements

speed. For heat flux boundary conditions (Figure 6), NMSE 
for temperature is ~1% (28.82 °C experimental versus 28.65 °C 
numerical), while for airflow speed it is ~15% (2.15 m s-1 
experimental versus 1.83 m s-1 numerical). Nevertheless, if 
considering the airflow at the outlet, NMSE are: 8.9% (at 7.7 kg s-1), 
4.5% (at 9.7 kg s-1) and 1.8% (at 11.0 kg s-1). For alternative 
boundary conditions, convective heat transfer coefficient 
(h, W m-2 K-1) results in higher values for NMSE in both 
variables; temperature is ~4%, and airflow speed is ~22% 
(Camargo, 2015; for details in simulation and results). NMSE 
values below 25% are indicative of a good correlation between 
simulation and experimental results (Curi et al., 2017). 
Homogeneous environmental conditions can be obtained 
with the control of ventilation systems (Calvet et al., 2011; 
Bustamante et al., 2013), while literature reference values for 
air speed are 1.5-2.5 m s-1 (Bustamante et al., 2015).

Appropriate temperature distribution, allied to its control, 
provide better thermal comfort. Thermal load in poultry barns 
is a function of internal and external aspects, such as: incident 
solar radiation, coverage and roof constructive material 
(Silva et al., 2015; Castro et al., 2017) and thermal insulation, 
ventilation system (natural/forced, exhaust/inflation, in tunnel/
crusade or lateral; Hernandez et al., 2016), evaporative cooling 
(conditioners and nebulizers existence or not; Mendes et al., 
2010), and types of light control (curtains/barriers existence 
or not).

Recent experimental approaches to evaluate thermal 
comfort in broilers include: the use of thermal imaging 
(Nascimento et al., 2014) associated with the usual/typical 
variables, but requires high-cost measuring instruments and 
no records in real-time; obtaining thermal maps via real-time 
environment monitoring using 50 temperature sensors and 18 
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Figure 5. Isolines for airflow speed (A), temperature (B) and relative humidity - RH (C) profiles, at a maximum external 
temperature condition (36.8 °C, 13 h 56 min local time), at the broiler husbandry facilities

Figure 6. Temperature (left) and airflow speed (right), numerical (top) versus experimental (bottom); Boundary condition - 
Heat flux (q'' = 81.8 W m-2) and airflow (m = 9.7 kg s-1; Poutlet = 30 Pa)

for RH (Coelho et al., 2015); thermography for animal health 
(footpad dermatitis) enabling diagnosis of not visible injuries 
(Jacob et al., 2016); enthalpy mapping in poultry barns 
(Ferraz et al., 2016); use of LED - light emitting diodes to 
improve energy efficiency, i.e., lower electricity consumption, 
in aviaries (Thomson & Corscadden, 2018); CFD flow 

simulation for ventilation systems evaluation in poultry 
barns (Curi et al., 2017); development and construction of 
PIC microcontroller (Peripherical Interface Controller) for 
variables supervision and control via commercial software 
and hardware (Proteus ISI Professional v.8 and MATLAB v. 
7.8) (Alecrim et al., 2017).
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Conclusions

1. The data acquisition system is efficient, and a 2400-m² (125 m 
length) poultry barn requires 20 sensors to allow mapping 
temperature and relative humidity (RH) distribution, thus 
enabling real-time monitoring for thermal comfort variables.

2. A small number of monitoring positions does not represent 
adequately the real thermal comfort conditions for broilers.

3. Numerical simulations provide a good approach 
to experimental data, considering temperature, air speed 
distributions and total airflow mass rates at the outlet, with 
normalized mean square error approximately of 1 and 15% 
and less than 10%, respectively.

4. Heat flux boundary conditions fitting to experimental 
results are better than convective heat transfer boundary 
conditions.
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