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Ik ga op reis en neem meeé. 



Problems 

ÅCold 

ÅHeat 

ÅDehydration 
Å Starvation 

Å Mental condition 

Å Hostile marine animals 

Thermoregulation 

Fluid balance 



Heat balance 

Metabolism 

ÅResting state 100 watt 

ÅExercise 1500 watt 

External heat 

Heat loss   

Core body 

36-37o C 

Hypothermia : 

Mild 35oï 32o  

Moderate 31o- 28o 

Severe < 28o 
Heat exhaustion 

Heat stroke 



Heat exchange (in air) 

External heat 

ÅRadiation 

ÅConduction 

ÅConvection 

Heat loss   

ÅRadiation 

ÅConduction 

ÅConvection 

ÅEvaporation 



Conduction 

In air  

Ådirect contact between 

skin and object 

Å26 mW/M
2
/k 

Åstanding human: minimal 

conductive heat loss 

In water 

Å630 mW/M
2
/k 

ÅThermal conductivity x 24! 



Radiation 

ÅAll heat objects emit or absorb 

thermal radiation 

ÅDifference between mean surface 

temp of two objects 

ÅInfra red spectrum 

ÅNo medium required (space) 

ÅNo radiation in water 

ÅRadiating surface area 50-95% 



Convection 

Boundary layer 

ÅAir or water layer close to the 

skin 

ÅProvides insulation when 

stagnant 

ÅThe thicker the layer the more 

insulation 

In air:  

ÅWind chill factor! 

ÅMax > 15 km/h 

 

In water:  

ÅMax > 1.8 km/h 

ÅMax conductive heat loss 

during swimming 



Evaporation 

ÅEach liter evaporated sweat 

removes 576 kcal of heat! 

Å= 2419 J 

ÅDroplets donôt cool! 

ÅSweating does not help in a 
fully  humidified 
environment 

 

 



Thermoneutral zone 

In Air  

Å26-30 o C 

Ånaked person 

Åno sweating or 

shivering 

Åstill air (no wind) 

 

 

In Water  

Å35-35.5 o C 

Ånaked person 

Åno sweating or shivering 

Åstagnant water 

 

Water  vs  Air  
Thermal conductivity  x 24 

Volume specific heat capacity  x 3500 



Thermo 

neutral zone 

Thermoregulatory 

zone 

Thermoregulatory 

zone 

vasoconstriction 

piloerection 

shivering 

vasodilation 

sweating 

2
6

 C
  

3
0

 C
  

Air temperature 

core: 36o C 

skin: 33o C 



Thermoregulation   

ÅSkin 

ïcold receptors  > heat receptors 

ïvery close to skin surface (fast 

response) 

ÅHypothalamus (brain)  

ïmore heat then cold receptors 

ïmore sensitive to change 

compared to skin receptors 

Temperature receptors 

Åskin perfusion 

Åpiloerection 

Åshivering 

Åsweating 



Thermoregulation 

ÅPeripheral shutdown (vasoconstriction) 

ïMax perfusion = 3 - 4 L/min 

ïMin perfussion = 0.02 L/min 

ï99% shutdown! 

ÅSubcutaneous fat insulation 

ÅUnperfused muscle 

ÅSkin temperature decreases and approximates 

environmental temperature 

vasoconstriction 



Thermoregulation 

ÅSkin blood flow regulation 

Å3 functionally different regions 

ÅExtremities (hands, feet, ears, lips, nose) 

ïExtreme vasoconstriction 

ÅTrunk and upper limbs 

ïModerate vasoconstriction 

ÅHead and neck 

ïScalp constant blood flow 

ïHeat loss!! 

 

Vasoconstriction 

Scalp > 50% body 

heat loss in cold 

environment 



Core vs peripheral temperature 



Thermoregulation 

ÅñGoose bumpsò 

ÅIncreased boundary layer 

ÅStrongest on forearms 

ÅDysfunctional in hairless humans 

ÅPre-humans living in East Africa 4.4 million years ago 
inhabited savannas  

piloerection 



Thermoregulation 

ÅIncreased muscle tone (stiffness) 

ÅShivering 

ïMotor units 10-20/sec out of phase 

ïBut alternating with opposing muscle 

ïNo external work only heat production 

ïCan co exist with voluntary exercise (to a degree) 

ïMax heat production = basal  x 5 = 500 watt 

ïShivering stops when: 

ÅGlucose runs out (starvation, alcohol) 

ÅHypoxia, hypercapnia 

Å< 30o C (spasticity) 

Heat production 



ÅWe want an ambient thermoneutral temperature! 

ÅPreferably with as little clothes as possible 

ÅWe lost most of our insulation and body hair 

ÅHeat thermoregulation >>> cold thermoregulation 

ÅWe are still naked apes living in the African savannaôs 

 



Behavioral thermoregulation 

ÅNaked body thermoneutral temperature  

ïin air: 26-30o C 

ïin water: 35o C 

ÅPhysiological thermoregulation is limited and time 

dependent 

ÅProper clothing can get you anywhere on the planet! 

 


