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1) the average values of Esk and Eel at three sites showed no significant
difference in the initial stage until Esk abruptly Increased;

2) following the sudden increase in Esk, Esk decreased exponentially but
Eel gradually increased over a period of 1 hr;

3) Esk returned to the inital leveis, and Eel remained in the range between
60 and 80 W/m2 during the last one-third of entire exposure.

These results may be associated with the onset of sweat secretion (sudden increase in
Esk), the progress of saturation with water vapor In clothing microenvironment
(exponential decay of Esk) and moisture and water gain in fabric (gradual increase in
Eel). In add~ion, substantial reduction of Esk in·the heat indicated lack of ventilation as
the obvious nature of protective clothing.
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58 Helicopter pilot suits for offshore application: a survey of
thermal comfort and ergonomlo design
C.A Gauland I.B. Mekjavic, School of Kinesiology, Simon Fraser University,
Burnaby, Br~ish Columbia, Canada

The objective of this study was to determine the eXisting problems associated with
helicopter pilot survival suits currently in use. A survey of helicopter pilots from. both
Canadian commercial and military disciplines was conducted. Pilots commented on
eight different types of survival suits. Reduced thermal comfort as well as lack of
ventilation were the two most common criticisms of the pilot suits. The "greenhouse"
effect, common to helicopter cockpits, results in hot working ambients both in summer
and winter. The air cooling mechanisms employed in summer may cause a "chilling"
effect following an on-ground stand-by where cockpit temperatures may reach 4cPC.
Thermal stress may also be induced with high cockpit temperatures caused by the
sun's radiation in winter and summer. Suit design was another area considered. 72%
and 86% of military and commercial pilots respectively felt their freedom of movement
was hindered by their survival suits. Certain designs were considered more hazardous
than others with regards to clips and hooks catching switches on the control panei.
Difficulty in donning suits appeared to be a universal problem irrespective of type of suit
used. Lackof comfort and movement in addition to thermal stress may lead to reduced
time to fatigue and, thus, occurrence of errors and accidents. The results of this survey
reflect the inadequacies of the helicopter pilot survival suits. presently in use. It is
suggested that evaluation of these suits be made on the basis of their ventilation
capabilities, ergonomic design and thermal properties in a variety of ambient
environments.
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59 Modelling human exposure to thermal stress
E.H. Wissler, University of Texas at Austin, Austin, Texas USA

Physical scientists and engineers, and to a lesser degree biological scientists, rely on
mathematical models to describe natural systems w~h which they deal. Mathematics
provides both a convenient language for describing quantitatively various components
of a system and logical rules for converting a given description into a form more suitable
for a particular purpose. Mhough some may argue that the human thermal system is
too complex to be described mathematically, the author would argue that such a
complex system can only be described adequately in mathematical terms. To be sure,
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the description will be incomplete and somewhat iacking in precision, and its laults will
be made obvious by the very delinneness that characterizes a mathematical modeL
Nevertheless, quantitative comparison of computed and measured human responses
to various combinations of thermal stress and exercise provides a powerful mechanism
for improving a model, and, thereby, increasing our understanding of thermal
physiology.

In this paper, the author traces briefly the development 01 human thermal models
during the past lorty years, and then describes a recentiy developed modeL A
comparison of representative computed results with corresponding measured values
is presented, belorejypicaLapplicationsar~ d~sqibe(:I, The pape,-~oD~lud"s. ",ith.a
discussion 01 aspects 01 modeiling that are in need of improvement, and a bit 01
speculation about the impact that new computers wiil have on human thermal
modeiiing.

60 Three-dimensional simulation 01 cold and warm delenee In man
J. Werner and M. Buse, Institut lur Physiologie, Ruhr-Universitat, Bochum,
Federal Republic of Germany

Taking into account the spatial dependence of parameters and variables, an adequate
simuiation of the thermoregulatory system of man comprises a set of partial differential
equations, the parameters of which have to be based on the realistic geometry and
anatomy of the human body. Therefore we have constructed a three-dimensionai
digital atlas with a grid of 0.5cm for head and extremities and 1 em fer the trunk, and
have solved the system of equations by an implicit 'alternating direction' method on the
vector-computer CYBER 205.

The simulation-system has delivered a realistic picture 01 the topography 01
temperatures under neutral conditions. Compatibility of reality and simulation was
achieved solely on the basis 01 physical considerations and physiological data base. An
adjustment of parameters of the passive system was not necessary. Therefore the
simulation is suited to analyze functional controller equations by way of comparison of
experimental and simulation results.

The physiological distribution of metabolic heat production and blood flow turned out
to be an essential leature for a compatibility of the resutts. For cold defence a spatiaily
distributed control of the skeletal muscles, with special regard to the proximal areas,
must be required in order to geUhe decrease of temperature in the extremities, well­
known from experiments. A uniform control of all skeletal muscles turned out to be an
inadequate controiler structure. The smail local diflerences 01 temperatures in warm
stress make it, however, very difficult to anaiyze distributed controiler structures for
warm defence.

Global and local consequences of the Inhomogeneity of the human body and its
geometry can be demonstrated by the simulation. The transversal temperature profiles
of the extremities and the uniform temperatures in the brain are examples far the global
influence, the decrease of spinal cord temperature with respect to the adjacent tissue,
due to high blood flow, is an example of iocal effects.

The simulation of dynamic effects is possible, but fails at present on account of the
smail working storage of the CYBER 205 version at the Ruhr-University. First tests
demonstrate that the time courses 01 temperatures will be computed correctly.

61 Prediction of the psychrometric range 01 a clothing system using
the relation between SUbjective comlort votes and physiological
variables
G. Havenith and H. van Middendorp, TND-Institute for Perception, Soesterberg,
Netherlands

An experiment was set up to determine the psychrometric range of a military clothing
system. The clothing system consisted 01 11 items, enabling the user to wear a variety
of clothing assemblies according to the weather conditions. The clothing system was
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