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Problems

A Cold
A Heat
A Dehydratior Fluid balance

A Starvation
A Mentalcondition I l "zh\‘\"—-
A Hostilemarineanimals ' WI.\‘

Thermoregulation




Heat balance

Hypothermia
Mild 35%1 32°
Moderate 33- 28°
Severe< 28

Heat exhaustion
Heat stroke

Core body
36-37°C



Heat exchange (in air)

Heat loss
ARadiation
AConduction

AConvection
AEvaporation




Conduction

In air In water
A direct contact between A 630mW/M%/k
skin and object A Thermal conductivity x 24!

A 26 mMW/M?/k

A standing human: minimal
conductive heat loss




Radiation

Radiation

A All heatobjectsemitor absorb
thermalradiation

A Differencebetweemmeansurface
temp oftwo objects

A Infrared spectrum

A No mediumrequired(spacg
A No radiationin water

A Radiatingsurfacearea50-95%




Convection

Boundary layer

i A Air or waterlayerclose to the
In air: skin
A Wind chill factor! A Providesinsulationwhen
A Max > 15 km/h stagnant
A Thethickerthelayerthe more
In water: Insulation Rt K. .f e T
A Max > 1.8 km/h N RO T

A Max conductiveheat loss
duringswimming
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Evaporation

A Eachliter evaporategweat
removes 76 kcal of heat!

A=2419 ]
A Dropletsd o rcdot

A Sweatingdoesnothelp in a
fully humidified
environment




Thermoneutratone

In Alr
A 26-30° C
A nakedperson

A no sweatingor
shivering

A still air (nowind)

In Water

A 35-35.5°C

A nakedperson

A no sweatingor shivering
A stagnantvater




Air temperature

Thermo
neutral zone

vgsocon_striction _ vasodilation
piloerection core. 36C sweating
shivering skin: 33 C




Thermoregulation

Temperature receptors

A Skin

| coldreceptors> heatreceptors

I veryclose to skirsurface(fast
response)

A Hypothalamuslfrain)
I more heathencoldreceptors

I moresensitive tachange
comparedo skinreceptors Askin perfusion
Aoiloerection
Ashivering
Asweating




Thermoregulation

vasoconstriction

A Peripherakhutdown(vasoconstriction
I Max perfusion= 3-4 L/min
I Min perfussion= 0.02 L/min
I 99%shutdownh

A Subcutaneouft insulation
A Unperfusednuscle

A Skintemperaturelecreaseandapproximates
environmentatemperature




Thermoregulation

Vasoconstriction

A Skin bloodflow regulation

A 3 functionallydifferentregions

A Extremities(handsfeet ears lips, nose
I Extremevasoconstriction

A Trunk and uppetimbs
I Moderatevasoconstriction

A Headandneck

I Scalp constartloodflow
| Heat loss!!

Scalp > 50% body
heat loss ircold
environment



Core vs peripheral temperature




Thermoregulation

piloerection

Al Goose bumpso

A Increased boundary layer

A Strongest on forearms

A Dysfunctional in hairless humans

A Prehumans living in East Africa 4.4 million years ago
Inhabited savannas




Thermoregulation

Heat production

A Increasednuscletone(stiffness

A Shivering

I Motor units 1620/sec out ophase

I But alternatingwith opposingnuscle

I No externalwork only heatproduction

I Canco existwith voluntaryexercisgto adegreé
I Max heatproduction= basalx 5 = 500 watt

|

I Shiveringstopswhen

A Glucose runs oustarvation alcohol)
AHypoxia, hypercapnia

A< 30 C (spasticity



Win een zon vakantie LASTMINUTEZUNVAKANTIE

HOME ZONVAKANTIES 'AANBIEDERS ' VLIEGTICKETS

T LASTMINUTE

5 -’ ” Wi zijn dé aanbieder van online zonvakanties.
4 Hier vind u de beste tips, leukste vakanties en
N verdif!
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A We want an ambierthermoneutratemperature!

A Preferably with as little clothes as possible

A We lost most of our insulation and body hair

A Heat thermoregulation >>> cold thermoregulation

A We are still naked apes living in the Africara v a n n a ¢




Behavioral thermoregulation

A Nakedbodythermoneutratemperature
i inair: 2630° C
i in water: 35C

A Physiologicathermoregulatiors limited and time
dependent

A Properclothingcangetyou anywhereon the planet



