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ABSTRACT

In tropical countries there is reluctance to wear motorcycle helmets in hot
summer days due to the discomfort caused by sweating and high temperature. A
computational study is carried out to see if providing vents in the helmet reduce
this discomfort. Results of computational fluid dynamics (CFD) simulations are
then used to predict the thermal comfort of the riders. Front impact absorption
tests are then performed to ascertain whether vents affect the safety of the helmets.
Subjective human trials of newly designed helmets are also done to correlate the
ventilation in helmets and the willingness of the riders to wear helmets at higher
temperatures.

In the absence of any universal turbulence model for predicting mean flow
parameters, the best turbulence model for predicting air flow in the air gap of
helmet is first found. This is accomplished by comparing experimental result of
the air flow in the air gap of a 3-dimensional hemispherical head-helmet
arrangement and the numerical results of the air flow in the same arrangement
using different turbulence models. It is found that Spalart - Allmaras model
predicts the mean flow parameters better than k — & model for the above
arrangement. Air flow simulations are then performed on Computer Aided Design
(CAD) model of 3-dimensional full-face motorcycle helmets to investigate the
effect of vents on the air flow in the air gap of a ventilated helmet. The results of
air flow simulations are used to optimize the number of vents and their locations
on the helmet. Number of supports to raise the helmet above rider’s head is also
determined using the results of air flow simulations.

Human thermoregulation simulations are performed using a CFD code

coupled with a numerical model of human thermoregulation system, to investigate



the thermal flow in the air gap of full face motorcycle helmets. The scope of the
investigation includes the effects of the air gap size, the ventilation or otherwise of
the helmet, the effects of ambient air temperature and the relative humidity on the
thermal comfort of the rider. The numerical results are presented in terms of
average temperature, Apparent Temperature (AT) and Wet Bulb Global
Temperature (WBGT).Results suggest that 36°C can be considered as threshold
temperature, beyond which if the air inlet temperature is increased, the ventilated
helmet becomes less conducive to the riders. Results also indicate that with the
increase in relative humidity of air, the thermal comfort of a rider decreases.

Front Impact absorption test on three ventilated helmets and one non
ventilated helmet were then performed. Maximum head acceleration in the
direction of impact is recorded to be 212.3g, 205.1g and 198.1g for three
ventilated helmets and 219.2g for non ventilated helmet. Head Injury Criterion
(HICs) is also calculated and it is found to be 1391.2, 1078.9 and 1034.4 for
ventilated helmets and 1343.4 for non ventilated helmet. Results indicate that
ventilated helmet satisfies the Bureau of Indian Standard (BIS) 4151 safety
criterion and is safe to wear.

Subjective human trials are also performed on forty riders for forty eight
sets of trials under different environmental conditions. Results indicate that 94%
riders found ventilated helmet comfortable below 36°C. In temperature range of
36°C to 38°C, 81% riders found ventilated helmets comfortable and only 19 %
riders found ventilated helmet comfortable beyond 38°C. The results strongly
correlate the ventilation in helmets and the willingness of riders to wear helmets at
higher temperatures. Finally, a fluid dynamic guideline for helmet manufacturers

is also suggested for improving ventilation in helmets.
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Heat transmitted by conduction to the neighboring layer within the
same segment
Diffusion coefficient (m*/sec)
Required rate of evaporation of Sweat from skin to compensate the
skin heating
Maximum possible sweat evaporation from skin
Evaporative heat loss at skin
Heat loss due to water vapor diffusion through the skin
Water vapor pressure (kPa)
Clothing area factor

Damping function
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Symbol

fe
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met

Metf

pa(1)
Pa

Psk

Meaning

Empirical function in turbulence model is S-A model

Empirical function in turbulence model is S-A model

Acceleration due to gravity (m/s%)

Evaporative heat transfer coefficient from skin to environment

Total heat transfer coefficient from skin surface to environment

Radiant heat transfer coefficient
Convective heat transfer factor
Body segment number

Clothing insulation

Layer number in segment

Turbulent Kinetic Energy (J)

Thermal Conductivity (W.m /K)
Von- Karman constant

Mixing-length (m)
Length scale (m)

Metabolic rate of whole body
Distribution coefficient of individual
production by external work

Pressure (N/m?)

Rate of production in transport equation
Vapor pressure at head segment
Ambient vapor pressure

Saturated vapor pressure at skin surface
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Symbol Meaning

q Heat flux (kJ/m?sec)

0 Rate of heat production

Qb Basal metabolic rate

Q: Sensible heat exchange between skin surface and environment

RES(i,1) Heat lost by respiration at chest section

S Intermediate variables

S Magnitude of Vorticity

Sij Mean Strain

T Temperature (°C)

t Time (sec)

T, Dry bulb temperature

t,(1) Temperature of head segment

to Operating temperature

T, Dry-bulb temperature (°C)

T, Wet-bulb temperature (°C)

T, Black-global temperature (°C)
Toump Ambient Air Temperature (°C)

u Velocity in x direction (m/s)

i Unit velocity vector in x- direction (m/s)
U Mean velocity in x- direction (m/s)

u', v, w’' Fluctuating component of velocity (m/s)
u,7,w  Time averaged component of velocity in x- direction (m/s)

v Velocity in y direction (m/s)
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Symbol Meaning

v Molecular kinematic viscosity
% Modified turbulent viscosity
Vs Models mean flow velocity (m/s)
w Velocity in z direction (m/s)
w Heat production by external work
ws Wind speed at an elevation of 10m (m/s)
B Thermal expansion coefficient (1/k)
p Density (kg/m®)
pC Volumetric specific heat of blood
m Dynamics Viscosity (N.s/ m?)
e Eddy viscosity (N.s/ m?)
8ij Kronecker delta
o Turbulent Prandtl number
€ Turbulent dissipation rate
T Stress (N/m?)
02y Rotational tensor
(0 Viscous dissipation function
\Y Gradient Operator
n Numerical Constant
) Specific rate of dissipation of turbulent kinetic energy
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Abbreviation

ABS
AT
BIS
BMI
BF
BFB
CAD
CFD
CSF
FEM
FVM
GRP
HIC
JOS
PDE
PTW
RANS
RH
RMS
RNG
TBI
WBGT

ACRONYMS

Meaning

Acrylonitrile Butadiene Styrene
Apparent Temperature

Bureau Of Indian Standard
Body Mass Index

Blood Flow Rate

Basal Blood Flow Rate
Computer Aided Design
Computational Fluid Dynamics
Cerebral Spinal Fluid

Finite Element Modelling
Finite Volume Method

Glass Reinforced Plastics

Head Injury Criterion

JOint System

Partial Differential Equations

Powered Two Wheeler

Reynolds Averaged Navier-Stokes Equations

Relative Humidity
Root Mean Square
Re-Normalization Group
Traumatic Brian Injuries

Wet Bulb Global Temperature
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