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Abbreviations: ACSM: American College of Sports Medicine; 1: Solar Absorptance (%); E: Evaporative Heat Loss in 
units watts (W); EHIs: Exertional Heat Illnesses; Hd: Total Dry Heat Loss (Radiative + Convective) in units watts (W); He: 
Total Evaporative Heat Loss in units watts (W); NIR: Near Infrared Radiation; R: Longwave Thermal Radiation; : Solar 

a: Ambient Air Temperature ( C); Tb: Core Body Temperature ( C); Tbr: 
Brain Temperature ( C); Tes: External Shell Temperature of Football Helmets ( C); Thsc: Helmet Shell Cover Temperature 
( C); Tis: Internal Shell Temperature of Football Helmets (
( C)

Introduction

The transfer of radiative, convective, and evaporative heat from the head plays an important thermoregulatory function 

helmets can constrain heat loss from the head, and may contribute to athletes susceptible to Exertional Heat Illnesses (EHIs) 

It is challenging to study the thermoregulatory constraints of athletic helmets on active athletes in a hot outdoor 

temperatures, Ta (

environment, and resistance to heat loss was dependent on Ta

resistance to heat transfers were dependent on Ta

d (W; radiative + convective heat loss) and depending on helmet type and ventilation, 
e

Appendix I:

Atmospheric Electromagnetic Radiation

Shortwave Solar Radiation, S

 Visible Light 

 Near Infrared, NIR

Longwave Thermal Radiation, R 6

radiation, S, from the atmosphere in the form of visible light and near infrared, NIR wavelengths, 
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absorptance, 1 hsc ( C; mean 
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es ( C) and interior shell 
surface, Tis ( is and Tes C, remained close to core body 
temperature, Tb (

1 (Figure 2) and the temperature of the helmet shell covers Thsc (
1

hsc

Figure 1a:
helmet shell cover temperature, Thsc (
Figure 1b: hsc hsc C), red (Thsc
C), and yellow (Thsc

Figure 2: 1 (%) between yellow (yellow solid symbol), red 
1

1 1

1



Page 3/6

Copyright : Rowe MF

Citation: 

Methods and Material 

Helmets 

Table 1: Mean (± SD) time of day (HHMM), and solar positions ( 1 (%), along with the emissivity, (%), of materials 
††

1
†) symbol indicates statistically 

1

Shell Cover 

Color

Mean Time of Day Mean Solar Azimuth Mean Zenith Angle  

z

 

 

1

Emissivity of 

Lycra  

Emissivity of 

XENOY™ 

††

Red †

Figure 3: hsc (

describing the positive increase in Thsc
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Instrumentation and experimental procedures

1

 https://gml.noaa.gov/grad/solcalc/azel.html. Thermal imaging was used to measure and record Thsc

Table 2:
cover color on the temperature of shell covers, Thsc (

††

Trial #
Time  

HHMM

Ambient Air Temp.  Relative Humidity Wind Speed  
-1

Globe Temp. WBGT 
ACSM Heat-Index 

1 ††

2

Data and statistical analyses 

Results

Experimental trials to measurement 1

1

1

1 1

The mean (±SD) Thsc C, and mean Thsc

hsc between 
hsc

Variations in helmet shell cover color (Figure 1a) and corresponding 1 hsc hsc increased rapidly after exposure to hot outdoor 
hsc C hotter than those recorded indoors, and the mean Thsc of yellow, 

hsc

hsc hsc
C greater than Thsc

hsc C hotter than the mean Thsc

Appendix II: hsc (

Variable Helmet Color Second-Order Polynomial Equations R2

Thsc (°C) 2

 Red 2

 2

Discussion

1 1

hsc es of 
hsc

C cooler than mean Tes hsc C hotter than mean Tes of white football 
hsc es
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No measurements of mean internal shell temperature, Tis or internal Ta

variations in 1 (Figure 2) and Thsc
C) to the ambient environment when the mean Thsc a

the mean Thsc C, respectively, hotter than the Ta

1

1 may 

1 and Thsc by enhancing the heat dissipating 

1

Conclusion

1 hsc
and associated variations in 1

1 and Thsc
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