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A b s t r a c t  

Drag  measurements were t a k e n   f o r  a d i v e r   w e a r i n g  
v a r i o u s   s t a n d a r d   f r e e  swimming  and s c u b a   d r e s s  
wh i l e   be ing   t owed   i n   t he   Vava l  Academy 120 f o o t  
s h i p  m o d e l   t o w i n g   t a n k .   R e s i s t a n c e   c u r v e s   a r e  
p l o t t e d   f o r   s i m u l a t e d  s w i m  speeds  and f i v e   d i v e r  
d r e s s   c o n f i g u r a t i o n s .  It was  found t h a t   t h e r e  
was as much a s  a f o u r f o l d   i n c r e a s e   i n   d i v e r   d r a g  
f o r   t h e   f u l L y   e q u i D p e d   d i v e r .  

1. I n t r o d u c t i o n  

D i v e r s   o u t f i t t e d   i n   s c u b a   d r e s s   m u s t   o v e r c o m e   t h e  
r e s i s t a n c e   o f   t h e   w a t e r   a s   t h e y   p r o p e l   t h e m s e l v e s  
fo rward   by   k i ck ing   wh i l e   wea r ing  s w i m  f i n s .  As 
p a r t   o f   a n   a n a l y s i s   o f   t h e   e f f i c i e n c i e s   o f  swim 
f i n s   b e i n g   c o n d u c t e d   b y   t h e   a u t h o r s ,  i t  was f i r s t  
n e c e s s a r y   t o   d e t e r m i n e   t h e   r e s i s t a n c e  o f  d i v e r  
swimming a t   v a r i o u s   s p e e d s   w e a r i n g   v a r i o u s   d i v i n g  
c o n f i g u r a t i o n s .  Swim s p e e d s   o f  0.0 t o  0.8 f t / s e c  
would r e q u i r e   l i g h t   e x e r t i o n ;  0.8 t o   1 . 5   f t / s e c  
modera t e   exe r t ion ;   and   speed- s   g rea t e r   t han   1 .5  
f t / s e c   h e a v y   e x e r t i o n   f o r   t h e   f u l l y   e q u i p p e d  
d i v e r .   F o r   t h i s   r e a s o n ,  t e s t  were conducted   for  
swim speeds   vary ing   f rom 0.4 t o   1 . 5   f t / s e c .  
( n o t e :  1 € t / s e c  = .59 k n o t ) .  

The r e s i s t a n c e   o f   t h e   v a r i o u s l y   c o n f i g u r e d   d i v e r s  
were   ob ta ined   by   t owing   ou r   i n s t rumen ted   d ive r  
through  the  Naval  Academy's 120 f o o t   s h i p  model 
t owing   t ank .  

2 .  P rocedure  

Two sets  o f   expe r imen t s  were conducted .  
Y o l u n t e e r   d i v e r s   w e r e  towed i n   t h e   s h i p  model 
f o r c e  i s  measured.  There i s  n o   " c r o s s - t a l k ' '   w i t h  
any moment fo rces   f rom  the   t owing   r i g  arm. 

3 .  Test r e s u l t s  

T e s t s  were c o n d u c t e d   b y   f i r s t   t o w i n g   t h e  t e s t  r i p  
a t   v a r i o u s   s p e e d s   t o   e s t a b l i s h  i t s  drag .  %.e r i g  
w a s  t h e n   t o w e d   w i t h   t h e   d i v e r   a b o a r d .   F i v e   d r e s s  
c o n f i g u r a t i o n s  were t e s t e d  as shown i n   T a b l e  1. 
E a c h   c o n f i g u r a t i o n  was  t e s t e d  a t  6 v e l o c i t i e s  
from 0.4 t o  1.5 f ee t   pe r   s econd .   F ipu re  5 shows 
d r a g   c u r v e s   f o r   t h e   s e c o n d   s e r i e s   o f   t e s t s .  A 

compar i son   w i th   f i gu re  2 shows the  im-portance  of 
a d i v e r   r r a i n t a i n i n p  body p o s i t i o n ,   p a r t i c u l a r l y  
i f  a powered  device i s  used t o   p r o p e l  a d i v e r .  

D i v e r   d r a r  i s  made up o f  two p a r t s :   f r i c t i o n a l  
r e s i s t a n c e   w h i c h  i s  a f u n c t i o n   t h e   w e t t e d   s u r f a c e  
a r e a   o f   t h e   d i v e r ,   a n d   e d d y   r e s i s t a n c e   c r e a t e d  as 
wa te r   f l ows   a round   t he   d ive r   and   h i s   equ ipmen t .  
It  i s  t h e o r e t i c a l l y   p o s s i b l e  t o  s e p a r a t e   t h e  
t o t a l   r e s i s t a n c e   i n t o   t h e  two p a r t s .   F r i c t i o n a l  
r e s i s t a n c e  i s  a f u n c t i o n  o f  S e y n o l d ' s   n m b e r ,  and 
t h e   d i v e r   t y p i c a l l y  swims a t   v e l o c i t i e s   w h i c h   a r e  
i n   t h e   t r a n s i t i o n   r a n p e   b e t w e e n   l m i n a r  and 
t u r b u l e n t   f l o w .  

4 .  Conclus ions  

For  s w i m  s p e e d s   o f  less  t h a n  0 .5  f t / s e c   t h e r e  i s  
l i t t l e  v a r i a t i o n   i n   t h e   d r a g   f o r   t h e   v a r i o u s  
d i v e r   c o n f i g u r a t i o n s .  A s  t h e  s w i m  sueed 
approached  1 .5  f t / s e c   t h e   d i f f e r e n c e s   i n   t h e   d r a g  
become v e r y   s i p n i f i c a n t .  Fddy r e s i s t a n c e  i s  much 
l a r g e r   t h a n   t h e   f r i c t i o n a l   c o m p o n e n t ,   s u g p e s t i n g  
t h a t   s i g n i f i c a n t   d r a g   r e d u c t i o n  i s  p o s s i b l e  by 
s t r e a m l i n i n g   t h e   e s u i m e n t .   F u r t h e r  tes ts  t o  
e v a l u a t e   t h e   e f f e c t i v e n e s s   o f   s t r e a m l i n i n p  
e q u i p e n t   a r e   s c h e d u l e d   f o r   t h i s   y e a r .  

Tab le  1 
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