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Abstract 
Heat stress can affect negatively human performance, behavior and even 
health, therefore, mean radiant temperature (MRT) and wet-bulb globe 
temperature (WBGT) measurement and monitoring should be obtained for 
any environment in which people are constantly exposed. The aim of this 
work is to compare the globe thermometer temperature (tg), used for 
calculating both MTR and   WBGT, using a smaller globe compared to a 
standardized diameter. For such purpose, a prototype has been designed. 
The device consists of an Arduino MEGA board, three temperature sensors, 
two black globes (Copper globe, matt black painted) and an anemometer. As 
an effort to use a device with a globe easier to handle in a real measuring 
device, a 9 cm diameter globe has been used which has a smaller diameter 
than a standardized one (15 cm); the third temperature sensor is used to 
measure the air temperature. MRT monitoring tests were carried out using 
the proposed prototype,  collected data were compared between the smaller 
and the standardized diameter globes measurements according to UNE EN 
ISO 7723 and NTP 322 recommendations. Results of this work show that it is 
possible to use a smaller diameter globe in a heat stress monitor, with an 
acceptable margin of error compared to a standardized size globe. 
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temperature (𝑡) and relative humidity (RH%) measurements at standard sea level, as 
propose to (Stull, 2011). 𝑡௪ = 𝑡 tanିଵ ቂ0.151977ሺ𝑅𝐻% + 8.131659)ଵ ଶൗ ቃ + tanିଵሺ𝑡 + 𝑅𝐻%) − tanିଵሺ𝑅𝐻% −1.676331) + 0.00391838ሺ𝑅𝐻%)ଷ ଶൗ tanିଵሺ0.023101𝑅𝐻%) − 4.686035          Equation 5 

Mean radiant temperature (MRT) 𝑡̅ is calculated according to (UNE ISO 7726, 2002) using 
Equations 6 to 9. Equations 6 is used for forced convection, and Equation 7 for natural 
convection when globe diameter is less than 15 cm.  Equations 8 is used for forced 
convection, and Equation 9 for natural convection when globe diameter is equal to 15cm. 𝑡̅ 
depend on the globe temperature 𝑡, the thermal emissivity of the balloon 𝜀, the diameter 
of the balloon 𝐷 and the air temperature 𝑡. 

𝑡̅ = ൫𝑡 + 273൯ସ + ଵ.ଵ௫ଵఴ൫௪ೞ൯బ.లఌబ.ర ൫𝑡 − 𝑡൯൨ଵ ସൗ − 273  Equation 6 

𝑡̅ = ቈ൫𝑡 + 273൯ସ + .ଶହ௫ଵఴఌ ൬ห௧ି௧ೌห ൰ଵ ସൗ ൫𝑡 − 𝑡൯ଵ ସൗ − 273  Equation 7 

𝑡̅ = ቂ൫𝑡 + 273൯ସ + 2.5𝑥10଼𝑥൫𝑤௦ௗ൯.൫𝑡 − 𝑡൯ቃଵ ସൗ − 273  Equation 8 

𝑡̅ = ቂ൫𝑡 + 273൯ସ + 0.4𝑥10଼ 𝑥 ห𝑡 − 𝑡หଵ/ସ 𝑥 ൫𝑡 − 𝑡൯ቃଵ ସൗ − 273  Equation 9 

The choice between natural or forced convection equations depends on the thermal transfer 
coefficient (ℎ) value. Using Equation 10 and 11 respectively, ℎ has been calculated for 
both forced and natural convection. If the thermal transfer coefficient for forced convection 
is greater than that natural convection, then forced convection equation for MRT should be 
used, and vice versa. ℎ = 6.3 ቀ௪ೞబ.లబ.ర ቁ    Equation 10 

ℎ = 1.4 ቀ∆் ቁଵ ସൗ
    Equation 11 

3. Results 

Figure 3a shows a scatter plot comparing the globe temperature measurements obtained 
between the 9cm and 15cm globes. A calibration curve, shown in Equation 11, was 
obtained by means of the linear regression (Figure 3a). The results of the 9cm 
measurements values correction are shown in Figure 3b, where tg,15cm, tg,9cm and tg,9cm_corrected 
are compared in a typical day. 
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obtaining accurate values for WBGT, MRT, and globe temperature measurements using a 
9cm globe prototype.  

Acknowledgements  

This work was supported by the European Commission  through GROW GREEN project 
(Agreement number: 730283 — GROW GREEN — H2020-SCC-2016-2017/H2020-SCC-
NBS-2stage-2016. http://growgreenproject.eu/) 

References 

Deschenes, O. (2014). Temperature, human health, and adaptation: A review of the 
empirical literature. Energy Economics, 46, 606–619. 
https://doi.org/10.1016/j.eneco.2013.10.013 

Enander, A. E., & Hygge, S. (1990). Thermal stress and human performance. Scandinavian 
Journal of Work, Environment and Health, 16(SUPPL. 1), 44–50. 
https://doi.org/10.5271/sjweh.1823 

Fishman, R., Carrillo, P., & Russ, J. (2019). Long-term impacts of exposure to high 
temperatures on human capital and economic productivity. Journal of Environmental 
Economics and Management, 93, 221–238. 
https://doi.org/10.1016/j.jeem.2018.10.001 

Gasparrini, A., Guo, Y., Sera, F., Vicedo-Cabrera, A. M., Huber, V., Tong, S., … 
Armstrong, B. (2017). Projections of temperature-related excess mortality under 
climate change scenarios. The Lancet Planetary Health, 1(9), e360–e367. 
https://doi.org/10.1016/S2542-5196(17)30156-0 

Hunter, Charles H., Minyard, C. Olivia (1999) ESTIMATING WET BULB GLOBE 
TEMPERATURE USING STANDARD METEOROLOGICAL MEASUREMENTS. 
Westinghouse Savannah River Company, Aiken, South Carolina 

Maurya, P. K., Haque, N., Kumar, R., & Diwakar, R. (2019). SELECTING A SUITABLE 
HEAT STRESS INDEX TO PROTECT CATTLE AND, (March), 18–21. 

Mendaza, P. (1993). NTP 322: Valoración del riesgo de estrés térmico por índice WBGT. 
Instituto Nacional de Seguridad e Higiene En El Trabajo, (1), 1–6. Retrieved from 
http://www.insht.es/InshtWeb/Contenidos/Documentacion/FichasTecnicas/NTP/Fich
eros/301a400/ntp_322.pdf 

NTP 322: Valoración del riesgo de estrés térmico: índice WBGT, Ministerio de trabajo y 
asuntos sociales de España (1999) 

UNE ISO 7726, U. I. (2002). Norma española UNE ISO 7726. 
 

 2019, Editorial Universitat Politècnica de València 

207




