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A m a t h e m a t i c a l  m o d e l  o f  human t h e r m o r e g u l a t i o n  h a s  b e e n  u s e d  
t o  p r e d i c t  s u r v i v a l  times f o r  a i rc rew immersed i n  calm w a t e r  a t  
t e m p e r a t u r e s  r a n g i n g  f r o m  O°C t o  22OC w e a r i n g  c l o t h i n g  p r o v i d i n g  
i n s u l a t i o n  f rom 0.09 t o g  t o  1 .09  t o g  ( H a y e s  a n d  Cohen ,  1987) .  T h e  
c l o t h i n g  i n s u l a t i o n s  h a d  b e e n  m e a s u r e d  u s i n g  a n  immersed thermal  
m a n i k i n  ( A l l a n  e t  a l . ,  1 9 8 2 ) .  T h i s  p a p e r  d e s c r i b e s  a s t u d y  t o  
c o n f i r m  t h e  v a l i d i t y  o f  t h e s e  es t imated  s u r v i v a l  times. 

The a l g o r i t h m  u s e d  i n  t h e  model was t e s t e d  by c o n d u c t i n g  13 
i m m e r s i o n s  u s i n g  4 d i f f e r e n t  s u b j e c t s  ( h e i g h t  1 .67m t o  1 . 7 9 m ;  
w e i g h t  6 0 . 5 k g  t o  7 6 . 5 k g ;  mean s k i n f o l d  t h i c k n e s s e s  5.0mm t o  
10.7mm) w e a r i n g  c l o t h i n g  w i t h  a r a n g e  o f  i n s u l a t i o n s  ( 0 . 1 3  t o g ,  
0.50 t o g  a n d  1.05 t o g )  w h i l s t  m e a s u r i n g  c o r e  t e m p e r a c u r e s ,  
m e t a b o l i c  r a t e s ,  s k i n  t e m p e r a t u r e s ,  a n d  s u r f a c e  h e a t  f l u x e s .  The  
s u b j e c t s  were ' i m m e r s e d ,  s u p p o r t e d  by a l i f e p r e s e r v e r ,  i n  w e l l  
s t i r r e d  w a t e r  a t  6 O C  t o  10°C d e p e n d i n g  on t h e  c l o t h i n g  w o r n .  
T e m p e r a t u r e s  a n d  h e a t  f l u x e s  were r e c o r d e d  e v e r y  2 m i n u t e s  a n d  
o x y g e n  c o n s u m p t i o n  a n d  c a r b o n  d i o x i d e  p r o d u c t i o n  measured e v e r y  15 
t o  2 0  m i n u t e s  u s i n g  a s t a n d a r d  o p e n  c i r c u i t  m e t h o d .  M e t a b o l i c  
r a t e  was c a l c u l a t e d  f r o m  t h e s e  da ta .  I m m e r s i o n s  t e r m i n a t e d  when 
t h e  s u b j e c t s '  c o r e  t e m p e r a t u r e s  f e l l  t o  3 4 . 5 O C  o r  a t  t h e  s u b j e c t s '  
r e q u e s t .  T h e  i d e n t i c a l  s u b j e c t  a n d  e n v i r o n m e n t a l  c o n d i t i o n s  were 
s i m u l a t e d  u s i n g  t h e  m o d e l  a n d  t h e  i n d i v i d u a l  c o m p o n e n t s  of t h e  
t h e r m a l  s y s t e m  c o m p a r e d  w i t h  t h e  e m p i r i c a l  v a l u e s .  

The r e s u l t s  d e m o n s t r a t e d  t h a t  t h e  m o d e l  t e n d s  t o  o v e r e s t i m a t e  
t h e  s u r f a c e  h e a t  f l u x ,  p o s s i b l y  d u e  t o  t h e  f a c t  t h a t  i t  a l s o  
o v e r e s t i m a t e s  s k i n  t e m p e r a t u r e  by 2 O C  t o  4 O C .  H o w e v e r ,  t h e  
p r e d i c t e d  m e t a b o l i c  r a t e s  were a l s o  h i g h e r  t h a n  m e a s u r e d  d u r i n g  
t h e  i m m e r s i o n s ,  p a r t i c u l a r l y  d u r i n g  t h e  e a r l y  s t a g e s .  T h e s e  
i n a c c u r a c i e s  i n  t h e  m o d e l  seem t o  c a n c e l  o u t  s u c h  t h a t  t h e  r e c t a l  
t e m p e r a t u r e  p r e d i c t e d  by t h e  m o d e l  was s i m i l a r  t o  t h e  o b s e r v e d  
v a l u e s ,  a l t h o u g h  t h e  a u d i t o r y  c a n a l  t e m p e r a t u r e  was a l w a y s  l o w e r  
t h a n  t h a t  m e a s u r e d  i n  t h e  e x p e r i m e n t .  In a d d i t i o n ,  t h e  i n s u l a t i o n  
p r o v i d e d  b y  t h e  c l o t h i n g  a s s e m b l i e s  d u r i n g  t h e  i m m e r s i o n s  was 
c a l c u l a t e d  f r o m  t h e  h e a t  f l u x  a n d  s k i n  t e m p e r a t u r e  d a t a  a n d  t h e  
v a l u e s  o b t a i n e d  were i n  good  agreement w i t h  t h o s e  o b t a i n e d  from 
m e a s u r e m e n t s  made u s i n g  a t h e r m a l  m a n i k i n .  

It i s  c o n c l u d e d  t h a t  t h e  m a t h e m a t i c a l  m o d e l  e s t i m a t e s  o f  
s u r v i v a l  times f o r  a i r c rew i m m e r s e d  i n  water  a re  v a l i d .  
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