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F i n d i n g s of a n e x p e r i m e n t a l i n v e s t i g a t i o n of the h e a t t r a n s f e r m e c h a n i s m at w o r k 
in the t h i n w a t e r - a i r b o u n d a r y l a y e r in the a b s e n c e of a d v e c t i v e t r a n s p o r t are 
p r e s e n t e d . D a t a are c i t e d on v a l u e s of t h e c o e f f i c i e n t of t u r b u l e n t h e a t t r a n s -
fer in the t h i n s u r f a c e l a y e r of a i r o v e r the w a t e r and in the n e a r - s u r f a c e l a y e r 
of the w a t e r , e s t i m a t e s are o f f e r e d for t h e r a t i o of the c o e f f i c i e n t s of t u r b u -
lent t h e r m a l d i f f u s i v i t y a n d t u r b u l e n t d i f f u s i o n of m o i s t u r e , and the B o w e n n u m -
b e r is c a l c u l a t e d . 

One of the i m p o r t a n t m o d e s of i n t e r a c t i o n b e t w e e n w a t e r r e s e r v o i r s a n d t h e a t m o s p h e r e 
is heat t r a n s f e r b e t w e e n the s u r f a c e of the w a t e r and a d j a c e n t air l a y e r s . The h e a t t r a n s -
f e r r a t e is g o v e r n e d by p r o c e s s e s at w o r k in the v e r y t e n u o u s b o u n d a r y l a y e r s on e i t h e r 
side of the w a t e r - a i r i n t e r f a c e . I n v e s t i g a t i o n of the s t r u c t u r e of t h e s e n e a r - s u r f a c e 
l a y e r s u n d e r n a t u r a l c o n d i t i o n s r u n s i n t o a g g r a v a t i n g d i f f i c u l t i e s . S t u d y of the m e c h a n i s m 
u n d e r l y i n g h e a t t r a n s f e r in the t h i n w a t e r - a i r b o u n d a r y l a y e r in the a b s e n c e of a d v e c t i v e 
t r a n s p o r t is f a c i l i t a t e d by the l a b o r a t o r y e x p e r i m e n t w e set u p . 

The e x p e r i m e n t a l a r r a n g e m e n t c o m p r i s e d a t h i c k - w a l l e d h e a t - i n s u l a t e d g l a s s v e s s e l of 
c y l i n d r i c a l s h a p e , 28 cm in d i a m e t e r a n d s t a n d i n g 35 cm h i g h [1]. A f r a m e of t h i n P l e x i -
g l a s w a s p l a c e d i n s i d e the v e s s e l , a n d t e m p e r a t u r e s e n s o r s w e r e m o u n t e d on t h a t f r a m e . 
T h e v e s s e l w a s f i l l e d w i t h w a t e r at r o o m t e m p e r a t u r e . A m a s s i v e h e a t e r unit w i t h a b u i l t -
in w a t e r t i g h t e l e c t r i c a l h e l i x w i n d i n g w a s m o u n t e d at the t o p in such a m a n n e r t h a t the 
b o t t o m s u r f a c e of t h e h e a t e r came into c o n t a c t w i t h the w a t e r . The t e m p e r a t u r e f i e l d in 
the w a t e r and in the t h i n l a y e r of air n e a r t h e w a t e r s u r f a c e w a s i n v e s t i g a t e d u s i n g c o p p e r -
c o n s t a n t a n t h e r m o c o u p l e s w i t h о.2б m m d i a m e t e r t h e r m a l j u n c t i o n s . The t e m p e r a t u r e r e a d i n g 
w a s t a k e n r e l a t i v e to t h e t e m p e r a t u r e at t h e b o t t o m of the v e s s e l , w h e r e the c o l d j u n c t i o n s 
of the t h e r m o c o u p l e s a n d a c o n t r o l r e s i s t a n c e t h e r m o m e t e r w e r e p o s i t i o n e d . T h e t e m p e r a t u r e 
w a s d e t e r m i n e d to w i t h i n ±0.1° by m e a n s of a P P - 6 3 p o t e n t i o m e t e r . U s e of a N - 1 1 5 loop 

o s c i l l o g r a p h to r e c o r d d a t a m a d e it p o s s i b l e 
to r e c o r d t e m p e r a t u r e f l u c t u a t i o n s o v e r a fre-
q u e n c y r a n g e of 0 to 1 Hz in a i r . 

T e m p e r a t u r e p r o f i l e s n e a r the w a t e r - a i r 
i n t e r f a c e w e r e m e a s u r e d u s i n g 21 s e n s o r s . 
T h e s e w e r e m o u n t e d on a c o m m o n r o d a n d w e r e 
s p a c e d 2 m m a p a r t . T h e s e n s o r s w e r e e l e c t r i -
c a l l y s w i t c h e d o n t o r e c o r d e r . T h e r o d c a r r y -
i n g the s e n s o r s c o u l d be i m m e r s e d t o t a l l y 
into the w a t e r or c o u l d b e w i t h d r a w n and set 
v e r t i c a l l y or at a 45° a n g l e to t h e s u r f a c e 
of the w a t e r . A p o s t c a r r y i n g the t h e r m o -
c o u p l e s w a s free to m o v e a l o n g the v e s s e l 
d i a m e t e r . P r e l i m i n a r y e x p e r i m e n t s w e r e 
s t a g e d d u r i n g the p r o j e c t i n o r d e r to s t u d y 
t h e t e m p e r a t u r e f i e l d t h r o u g h o u t t h e i n t e r i o r 

and o v e r the s u r f a c e of the v e s s e l , and t h e s e f i n d i n g s s h o w e d t h a t the d o w n w a r d - p r o p o g a t i n g 
h e a t f l u x l e v e l s out r a p i d l y h o r i z o n t a l l y , r e m a i n i n g u n e v e n o n l y n e a r t h e w a l l s . I s o l i n e s 
of t h e t e m p e r a t u r e in the w a t e r r u n p a r a l l e l to each o t h e r , a t t e s t i n g to p r o p o g a t i o n of h e a t 
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a n d i n s t r u m e n t a l l y m e a s u r e d t e m p e r -
a t u r e g r a d i e n t s in a i r ; d o t s i n d i -
cate c a l c u l a t e d v a l u e s and c r o s s e s 
i n d i c a t e e m p i r i c a l l y m e a s u r e d v a l u e s , 
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s o l e l y in t h e v e r t i c a l d i r e c t i o n . A l l of the m e a s u r e m e n t s d e s c r i b e d b e l o w w e r e c a r r i e d out 
in the m i d d l e p o r t i o n of the v e s s e l , and w e r e s t a r t e d a f t e r the h e a t e r h a d b e e n r e m o v e d and 
the w a t e r s u r f a c e had r e a c h e d the t e m p e r a t u r e p f 45°C. 

The t e m p e r a t u r e p r o f i l e s w e r e m e a s u r e d 
in w a t e r and in air by the m e t h o d of s e q u e n -
t i a l l y i n t e r r o g a t i n g the s e n s o r s . It t o o k 
4 m i n to c o m p l e t e one p r o f i l e . The t e m p e r a -
ture p r o f i l e s w e r e t h e n r e f e r r e d to a s i n g l e 
i n s t a n t of time for s u b s e q u e n t a n a l y s i s . 
P l o t s of the t i m e v a r i a t i o n of t e m p e r a t u r e 
p r o v i d e d i n f o r m a t i o n on the c o o l i n g r a t e of 
a i r a n d w a t e r ЭТ/Эт for e a c h l a y e r . V e r t i c a l ; 
t e m p e r a t u r e g r a d i e n t s 3T/3z w e r e c a l c u l a t e d 
f r o m the t e m p e r a t u r e p r o f i l e s r e f e r r e d to a 
s i n g l e i n s t a n t of t i m e . The v e r t i c a l t e m p e r -
ature g r a d i e n t w a s also d e t e r m i n e d by i n s t r u -
m e n t a l m e a n s , u s i n g a d i f f e r e n t i a l b a t t e r y 
c o n s i s t i n g of six c o p p e r - c o n s t a n t a n t h e r m o -
c o u p l e s [ 2 ] . The s e n s o r b a s e l i n e d u r i n g the 
m e a s u r e m e n t s w a s 2 m m . V a l u e s of the m e a s u r e d 
g r a d i e n t s a v e r a g e d o v e r 3 - m i n t i m e s p a n s can : 
be c o m p a r e d to p r o f i l e s of the m e a n t e m p e r a - i 
ture for the layer of air n e a r the w a t e r sur-
face as p l o t t e d in P i g . 1 . The d i f f e r e n c e 
b e t w e e n the m e a s u r e d and p r e d i c t e d v a l u e s is 
not g r e a t e r t h a n 5 % . 

Zj mm 

P i g . 2 . Two s e r i e s of m e a s u r e d tem-
p e r a t u r e p r o f i l e s : a ) in a i r ; b ) 
in w a t e r . Time (reading left to 
r i g h t ) : a) 5 0 , 2 0 , 5; b ) 3 0 , 2 5 , 1 5 , 
10. 

D e t a i l e d t e m p e r a t u r e p r o f i l e s r e s u l t e d f r o m the e x p e r i m e n t c o n d u c t e d in the t e n u o u s 
l a y e r of air n e a r the w a t e r s u r f a c e (30 m m ) a n d in t h e . s u r f a c e l a y e r of w a t e r a d j a c e n t to ; 
the w a t e r - a i r i n t e r f a c e (40 m m ) . The t i m e v a r i a b i l i t y of the t e m p e r a t u r e of w a t e r and air: 
w a s a l s o s u c c e s s f u l l y t r a c e d on e a c h l a y e r of m e a s u r e m e n t s and in t e r m s of the p r o f i l e s 
as a w h o l e . S o m e s e r i e s of e x a m p l e s of t e m p e r a t u r e p r o f i l e s in air and in w a t e r are 
s h o w n in P i g . 2. The n u m e r a l s r e f e r r e d to p a r t i c u l a r p r o f i l e s d e n o t e t h e t i m e , in m i n u t e s ; 
e l a p s e d f r o m the start of t h e e x p e r i m e n t . The e q u i p m e n t used m a d e it p o s s i b l e to m e a s u r e i 
the t e m p e r a t u r e in a i r s t a r t i n g 2 m m f r o m t h e i n t e r f a c e , w h i l e a s e n s o r c o r r e s p o n d i n g to 
the z = 0 l e v e l w a s p l a c e d d i r e c t l y b e n e a t h t h e w a t e r s u r f a c e , so as to m e a s u r e the m e a n 
t e m p e r a t u r e in the 0 - 0 . 5 mm l a y e r . The t e m p e r a t u r e of the w a t e r - a i r i n t e r f a c e w a s n o t a s -
c e r t a i n e d by t h e a u t h o r s . The t e m p e r a t u r e of t h e w a t e r n e a r the s u r f a c e is l o w e r t h a n in ; 
the u n d e r l y i n g l a y e r s on a l l of the p r o f i l e s so o b t a i n e d— i n o t h e r w o r d s w h a t is t e r m e d 
a cold f i l m w a s o b s e r v e d on the s u r f a c e of t h e w a t e r . 

E s t i m a t e s of the h e a t t r a n s f e r c o e f f i c i e n t in w a t e r as a f u n c t i o n of d e p t h K ( z ) were, 
o b t a i n e d f r o m the r e s u l t i n g e x p e r i m e n t a l d a t a . The e x p e r i m e n t a l c o n d i t i o n s a l l o w e d us to 
i g n o r e v o l u m e s o u r c e s of h e a t a n d to r e s o r t to the o n e - d i m e n s i o n a l h e a t c o n d u c t i o n e q u a -
t i o n in t h e f o r m 

dT 
дх 

(i) 

N e g l e c t i n g the t e m p e r a t u r e d e p e n d e n c e of the w a t e r d e n s i t y p = p ( T ) , w h i c h is due to 
s l i g h t t e m p e r a t u r e d r o p s in the l a y e r u n d e r i n v e s t i g a t i o n ( m a x i m u m t e m p e r a t u r e d r o p not 
e x c e e d i n g 3°C), a n d i n t e g r a t i n g E q . (1) f r o m 0 to z , w e o b t a i n 

K(z) = 

z 

- J 
дТ дТ I 
— dz+K( 0) — 
at az z=o 

dT 
(2) 

dz I z=z 
It h a s b e e n s h o w n in n u m e r o u s i n v e s t i g a t i o n s [ 3 - 6 ] t h a t m o l e c u l a r h e a t t r a n s f e r plays: 

a d e c i s i v e r o l e n e a r the s u r f a c e in a t h i n l a y e r of w a t e r on t h e o r d e r of 1 m m . In t h i s 
case K ( 0 ) in E q . (2) can b e p u t e q u a l to the c o e f f i c i e n t of m o l e c u l a r t h e r m a l d i f f u s i v i t y . ^ 

Z 

U s i n g the e m p i r i c a l l y o b t a i n e d dTjdx and dT/dz and c a l c u l a t i n g the i n t e g r a l [ — dz by t h e t r a p e -
J dx 
о 

zoi d a l r u l e , we t h e n find K ( z ) . R e s u l t s of c a l c u l a t i o n s u s i n g E q . (2) are p l o t t e d in F i g . ' 
3 for c o m p a r i s o n w i t h d a t a r e p o r t e d by o t h e r a u t h o r s a n d o b t a i n e d on the b a s i s of m e a s u r e -
m e n t s p e r f o r m e d at sea [ 7 , 8 ] , on a r i v e r [ 9 ] , and in a lake [ 1 0 ] . The r e s u l t s of a l l t h e s e 
c a l c u l a t i o n s can b e a p p r o x i m a t e d by the f o r m u l a 

Я = Л,. + az, (3) 
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F i g . 3. C h a n g e in t h e r m a l d i f f u s i v i t y in the t h i n s u r f a c e l a y e r of w a t e r : 1) 
a c c o r d i n g to [7]; 2) a c c o r d i n g to [9]; 3) a c c o r d i n g to [ 1 0 ] ; 5) a c c o r d i n g to [8]; 
4) d a t a r e p o r t e d in the p r e s e n t a r t i c l e . 

F i g . 4. R e s u l t s of t h e r m a l d i f f u s i v i t y c a l c u l a t i o n s for b e l o w the t e m p e r a t u r e 
d i s c o n t i n u i t y l a y e r . 

w h e r e A is the m o l e c u l a r t h e r m a l d i f f u s i v i t y c o e f f i c i e n t , a is a p r o p o r t i o n a l i t y f a c t o r 
— 2 2 

w h o s e n u m e r i c a l v a l u e is 1 . 0 5 * 1 0 c a l / ( s e c * c m • d e g ) . A c c o r d i n g l y , the v a l u e of Э\/9z can 
be t a k e n as c o n s t a n t w i t h i n the l i m i t s of a l a y e r s u c h as d e s c r i b e d . T h i s m e a n s t h a t the 
d a t a f r o m a l a b o r a t o r y e x p e r i m e n t c a r r i e d out u n d e r c o n d i t i o n s w h e r e t h e r e is no a d v e c t i v e 
h e a t t r a n s p o r t a g r e e w i t h d a t a o b t a i n e d in f u l l - s c a l e i n v e s t i g a t i o n s w i t h low w i n d f o r c e s 
and low w a v e f o r c e s p r e s e n t . 

W h e n z = 1 c m , the p r e d i c t e d X v a l u e ( F i g . 3) w i l l be h i g h e r t h a n t h e v a l u e d e r i v e d 
f r o m the l i n e a r r e l a t i o n s h i p ( 3 ) . T h i s is p r o b a b l y b e c a u s e d e v e l o p e d c o n v e c t i v e m o t i o n 
is a l r e a d y p r e s e n t on this l a y e r . F i g u r e 2b c o n f i r m s that s u p p o s i t i o n : w i t h i n 15 m i n 
a f t e r c o o l i n g is s t a r t e d an i s o t h e r m a l i n t e r v a l e x p a n d i n g w i t h the time s h o w s up on the 
t e m p e r a t u r e p r o f i l e . The u p p e r b o u n d of the i n t e r v a l a t t a i n s z = 4 m m w i t h i n 20 m i n a n d 
t h e n r e m a i n s c o n s t a n t w i t h i n t h e l i m i t s of a c c u r a c y of our m e a s u r e m e n t s , w h i l e the l o w e r 
b o u n d g r a d u a l l y d r o p s to r e a c h 30 m m w i t h i n 30 m i n . A l a y e r e x h i b i t i n g a n e g a t i v e t e m p e r a -
ture g r a d i e n t ( t e m p e r a t u r e d i s c o n t i n u i t y l a y e r ) l i e s b e l o w t h e i s o t h e r m y l a y e r . T h i s d i s -
c o n t i n u i t y l a y e r p l a y s the role of a " l i q u i d " b o t t o m ( a r t i f i c i a l b o t t o m ) and acts as h i n d -
r a n c e to c o n v e c t i o n a d v a n c i n g t o w a r d t h e n e a r - b o t t o m l a y e r s of the w a t e r w h e r e the t e m p e r a -
t u r e r e m a i n s v i r t u a l l y c o n s t a n t t h r o u g h o u t t h e e x p e r i m e n t . 

T h e p r e s e n c e of t h i s c o n s t a n t t e m p e r a t u r e s t a n d s in the w a y of our u s i n g E q . (2) to 
c a l c u l a t e K ( z ) b e l o w the z = 1 cm l e v e l . W e can r e s o r t to the f o l l o w i n g m e a n s to e s t i m a t e 
the i n t e n s i t y of t h e r m a l p r o c e s s e s at w o r k b e l o w the l a y e r e n g a g e d in d e v e l o p e d c o n v e c t i v e 
f l o w . As m e n t i o n e d e a r l i e r , h e a t i n g of the w a t e r s u r f a c e sets in w h e n t e m p e r a t u r e e q u i l i -
b r i u m p r e v a i l s t h r o u g h o u t the b u l k p h a s e of t h e w a t e r , so t h a t a l l of t h e t h e r m a l p r o c e s s e s 
a r e d e t e r m i n e d b y m o l e c u l a r c h a r a c t e r i s t i c s . The t e m p e r a t u r e r o s e in r e s p o n s e to t h i s 
h e a t i n g only at the top of the v e s s e l , and the t e m p e r a t u r e in the l o w e r - l y i n g l a y e r s r e -
m a i n e d u n c h a n g e d t h r o u g h o u t the e x p e r i m e n t . N o w if w e p u t K ( z ^ ) = K m Q l at p o i n t z^ w i t h 

c o n s t a n t t e m p e r a t u r e , w e can use E q . (2) by s i m p l y c h a n g i n g the i n t e g r a t i o n l i m i t s . The 
r e s u l t s of t h e s e c a l c u l a t i o n s a r e p l o t t e d in F i g . 4 . The K ( z ) v a l u e s b e l o w t h e t e m p e r a t u r e 
d i s c o n t i n u i t y l a y e r are n o t m u c h g r e a t e r t h a n the m o l e c u l a r v a l u e s (by a f a c t o r of 5 to б 
at m o s t ) , and an i n c r e a s e in K ( z ) by s e v e r a l t e n f o l d is n o t e d in the t r a n s i t i o n a c r o s s the 
d i s c o n t i n u i t y l a y e r . 

C o n s e q u e n t l y , for t h e t e m p e r a t u r e d r o p (water—air) ~20°C we i n v e s t i g a t e d , some time 
a f t e r the o n s e t of c o o l i n g in the w a t e r w e o b s e r v e d e v e l o p e d c o n v e c t i v e f l o w at a c e r t a i n 
d e p t h . A b o u n d a r y l a y e r c h a r a c t e r i z e d by a p o s i t i v e t e m p e r a t u r e g r a d i e n t and m a i n t a i n i n g 
a s t a b l e e x i s t e n c e f o r m s in the i m m e d i a t e v i c i n i t y of the s u r f a c e , d e s p i t e the u n s t a b l e 
d e n s i t y s t r a t i f i c a t i o n in t h e l a y e r . The t h i c k n e s s of t h i s b o u n d a r y l a y e r is -4 m m in the 
case in p o i n t . At d i s t a n c e s f r o m the s u r f a c e c o m m e n s u r a t e w i t h t h e b o u n d a r y l a y e r t h i c k -
n e s s , w e c a n n o t a f f o r d to n e g l e c t m o l e c u l a r t h e r m a l c o n d u c t i o n . The r a n g e of c o n v e c t i o n 
h e a t t r a n s f e r is b o u n d e d b e l o w b y the t e m p e r a t u r e d i s c o n t i n u i t y l a y e r . T h e t h e r m a l d i f -
f u s i v i t y f a l l s o f f r a p i d l y in t h e t r a n s i t i o n t h r o u g h t h i s l a y e r , and b e l o w t h e l a y e r it 
a s s u m e s v a l u e s c l o s e to t h o s e of t h e m o l e c u l a r c o e f f i c i e n t s . 

T e m p e r a t u r e p r o f i l e s in the t h i n l a y e r of air o v e r l y i n g the w a t e r , are s h o w n in F i g . 
2 a , for the case of a w a t e r s u r f a c e in t h e p r o c e s s of c o l l i n g o f f . A l l of the m e a s u r e d 
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t e m p e r a t u r e p r o f i l e s a r e c h a r a c t e r i z e d b y a p p r e c i a b l e t e m p e r a t u r e g r a d i e n t s (up to 470 deg/ 
m ) n e a r the s u r f a c e . M o r e o v e r , s t a r t i n g w i t h some layer the t e m p e r a t u r e g r a d i e n t r e v e r s e s 
s i g n , i . e . , a layer of i n v e r t e d t e m p e r a t u r e d i s t r i b u t i o n s h o w s u p . 

The t u r b u l e n t heat t r a n s f e r in air can b e f o u n d as a f u n c t i o n of h e i g h t on the b a s i s 
of the e x p e r i m e n t a l d a t a . The shape of the e m p i r i c a l l y m e a s u r e d t e m p e r a t u r e p r o f i l e s a l -
lows us to n e g l e c t b u l k sources'.of heat on layers b e l o w the i n v e r s i o n l a y e r , and e n a b l e s us : 

to m a k e use of E q . (1). We c a n n o t a f f o r d to n e g l e c t the t e m p e r a t u r e d e p e n d e n c e of d e n s i t y ; 
t h r o u g h o u t the l a y e r u n d e r i n v e s t i g a t i o n in this i n s t a n c e , for the r e a s o n t h a t , u n l i k e the ; 
w a t e r , the e n t i r e v o l u m e of air u n d e r s t u d y w a s d i v i d e d into 2 mm t h i c k h o r i z o n t a l l a y e r s . 
The a s s u m p t i o n w a s that d e n s i t y v a r i e s s t e p w i s e on the b o u n d a r i e s of the l a y e r s , w h i l e 
p = constwithin the c o n f i n e s of each l a y e r . In t h a t case E q . (1) b e c o m e s s i m p l i f i e d , and by 
i n t e g r a t i n g E q . (1) f r o m l e v e l z^ to l e v e l z ^ , w e a r r i v e at a f o r m u l a for K ( z ) in the f o r m 

z2 

С дТ 
J I T 

дТ I 
-dz + К (zj) -г— dz \z=zt m 

К (г2) = — щ 

dz \г=гг 

The v a l u e of К has to be k n o w n on e a c h of the h o r i z o n s , in o r d e r to p e r f o r m c a l c u l a -
t i o n s u s i n g E q . (4). U s i n g a r g u m e n t s s i m i l a r to t h o s e m a r s h a l l e d in the d i s c u s s i o n of 
c a l c u l a t i o n s b a s e d on E q . (2), w e can p u t К eq u a l to the m o l e c u l a r t h e r m a l d i f f u s i v i t y of 
a i r at the t e m p e r a t u r e of the w a t e r s u r f a c e on the h o r i z o n z = 0. T h e n E q . (4) w i l l a l l o w 
us to f i n d , g i v e n the e x p e r i m e n t a l l y d e r i v e d дТ/дх a n d dt/dz v a l u e s , the v a l u e of К for each 
t e m p e r a t u r e p r o f i l e . R e s u l t s of t h e s e c a l c u l a t i o n s are e n t e r e d in T a b l e 1. 

T a b l e 1 

" S min after start of cooling 20 min after start o f cooling 

z, mm T°C K, 102 
cm2/sec z, mm T°C K, 102 

cm2/sec 

2 
4 
6 
8 

35 ,8 
32 ,4 
29 .4 
2 8 . 5 

65 
76 

128 
450 

2 
4 
6 

31,1 
27,1 
25,1 

48 
58 

260 

It is c l e a r f r o m T a b l e 1 that the t u r b u l e n t t h e r m a l d i f f u s i v i t i e s are only s l i g h t l y in ex-
cess o f t h e m o l e c u l a r d i f f u s i v i t i e s at the t e m p e r a t u r e s in q u e s t i o n . 

T r a c e s of t e m p e r a t u r e p u l s a t i o n s t a k e n in a i r at the 1 m m , 3 m m , and 5 m m l a y e r s 
(from the s u r f a c e of the w a t e r ) show (note e x a m p l e s d i s p l a y e d in P i g . 5) t h a t t u r b u l e n t 
t e m p e r a t u r e p u l s a t i o n s a r e o b s e r v e d in the t h i n l a y e r of a i r n e a r the w a t e r s u r f a c e . 

M e a s u r e m e n t s of m e a n m o i s t u r e and of p u l s a t i o n s of r e l a t i v e m o i s t u r e r ( z ) w e r e t a k e n 
at v a r i o u s h o r i z o n s in the l a y e r of air n e a r the w a t e r s u r f a c e , in a d d i t i o n to t e m p e r a t u r e : 
m e a s u r e m e n t s . The r e l a t i v e h u m i d i t y w a s r e c o r d e d u s i n g a s p e c i a l l y e n g i n e e r e d h y g r o g r a p h 
[11] w h i c h f e a t u r e d a h a i r 4 cm long p o s i t i o n e d h o r i z o n t a l l y as s e n s o r , and a m e c h a n i c a l l y 
c o n t r o l l e d v a c u u m t u b e , the type 6 M K h 2 B m e c h a n o t r o n , r e c o r d i n g s l i g h t e l o n g a t i o n s of that 
h a i r . The time c o n s t a n t of the h y d r o g r a p h w a s 0.45 s e c . The p r o f i l e s of t e m p e r a t u r e and : 

r e l a t i v e h u m i d i t y w e r e e m p l o y e d in c o m p u t i n g t h e s p e c i f i c h u m i d i t y q ( z ) at v a r i o u s l a y e r s , : 
and the air d e n s i t y p r o f i l e (see e x a m p l e in P i g . 5) w a s c a l c u l a t e d f r o m t h e e q u a t i o n of 
state of m o i s t a i r . It is c l e a r from P i g . 5 t h a t the d e n s i t y d i s t r i b u t i o n v a r i e s m o n o -
t o n i c a l l y w i t h h e i g h t , and t h a t s t r a t i f i c a t i o n o f d e n s i t y t h r o u g h o u t the t h i c k n e s s of air 
i n v e s t i g a t e d is u n s t a b l e . 

W e r e a l i z e f r o m F i g . 5 that the r e l a t i v e h u m i d i t y a t t a i n s v a l u e s of 9 6 - 9 8 % in the im-
m e d i a t e v i c i n i t y of the w a t e r s u r f a c e (z <. 3 m m ) . This m e a n s t h a t c l o s e to w a t e r v a p o r 
s a t u r a t i o n can b e a s s u m e d in the t h i n l a y e r of a i r n e a r the w a t e r s u r f a c e (~3 m m ) . T h a t 
s t a t e m e n t is s t r i k i n g l y c o n f i r m e d by r e c o r d s t a k e n of h u m i d i t y p u l s a t i o n s on p r e c i s e l y 
t h o s e h o r i z o n s . The b e h a v i o r of the h u m i d i t y p u l s a t i o n s a l t e r s a b r u p t l y as we get c l o s e r : 
to the s u r f a c e . The p u l s a t i o n s b e c o m e m o r e a s y m m e t r i c a l a n d , m o r e o v e r , the h u m i d i t y s p i k e s 
are d i r e c t e d o n l y in the d i r e c t i o n of d e c r e a s e , w h i l e p u l s a t i o n s of b o t h s i g n s s h o w up at 
h i g h e r h o r i z o n s (at h u m i d i t i e s on the o r d e r of 8 0 % ) . 

T h e s e p r o f i l e s w e r e p l o t t e d on a s e m i l o g a r i t h m i c s c a l e (Fig. 6) in o r d e r to ascertains 
the s h a p e of the d e p e n d e n c e s T ( z ) a n d q ( z ) in the l a y e r of a i r a d j a c e n t to the w a t e r 
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Z, mm 

Temperature 

30 q . l 0 3 g / k g 

Z = 75 mm H u m i d i t y T 

Temperature T 

г =5 mm Humidity I 

t 
5 Temperature I 1 deg I 1 f 

1 4c 

_ _ Humidity 

1,10 p kg / m 3 

F i g . 5- E x a m p l e s of p r o f i l e s of m e a n t e m p e r a t u r e s 
(1), of r e l a t i v e h u m i d i t y (2), s p e c i f i c h u m i d i t y 
(3), and of a i r d e n s i t y (4), and r e c o r d s of p u l s a -
t i o n s in t e m p e r a t u r e and r e l a t i v e h u m i d i t y at vari-
ous h o r i z o n s a b o v e the w a t e r s u r f a c e . 

q-10 3 gr /cm3 

F i g . 6 . H e i g h t d i s t r i b u t i o n of the m e a n a n d r m s 
t e m p e r a t u r e s in d i f f e r e n t i n t e r v a l s of t h e t h i n sur-
face l a y e r of a i r a d j a c e n t to the w a t e r s u r f a c e . 

s u r f a c e . It is e v i d e n t in F i g . 6 that the t e m p e r a t u r e p r o f i l e b e l o w the i n v e r s i o n l a y e r 
o b e y s the l o g a r i t h m i c law c l o s e l y . As for the s p e c i f i c h u m i d i t y , it is d i s t r i b u t e d l o g a -
r i t h m i c a l l y in h e i g h t up to 2 m m , i . e . , up to the t e r m i n a t i o n of the i n v e r s i o n l a y e r . 
A c c o r d i n g l y , the shape of t h e t e m p e r a t u r e p r o f i l e and s p e c i f i c h u m i d i t y p r o f i l e in the 
l a y e r of a i r a d j a c e n t to the w a t e r s u r f a c e a l l o w s us to m a k e use of the t h e o r y of a l o g a -
r i t h m i c b o u n d a r y l a y e r . A n d c l e a r l y , i n that case we can r e s o r t to the f o r m u l a [12]: 

Г. _ KT dT/dz 

Я* К E dl/dz 

w h e r e T x and q x a r e t h e t e m p e r a t u r e s c a l e and h u m i d i t y s c a l e , K^, is the t u r b u l e n t t h e r m a l 

d i f f u s i v i t y , is the e d d y d i f f u s i v i t y of the m o i s t u r e , and dq/dzls t h e s p e c i f i c h u m i d i t y 

g r a d i e n t . 

O n c e the r a t i o T ^ / q ^ is d e t e r m i n e d , w e can find f r o m E q . (5) t h e r a t i o of the t u r b u -
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lent t h e r m a l d i f f u s i v i t y and t u r b u l e n t m o i s t u r e d i f f u s i o n . In o r d e r to find T s / q s , w e m a k e 

use of the fact that t h e t e m p e r a t u r e and h u m i d i t y p r o f i l e s n e a r the w a t e r s u r f a c e obey a 
l o g a r i t h m i c l a w , so that the v a l u e s of T x and q x can be r e a d i l y f o u n d f r o m the s l o p e of the 

t e m p e r a t u r e and h u m i d i t y p r o f i l e s on a s e m i l o g a r i t h m i c s c a l e . The r a t i o T s / q x t u r n e d out p 

to be 5'10 . T h e n , c o m p u t i n g t h e g r a d i e n t s a p p e a r i n g in E q . (5) o n the b a s i s of the ex-
p e r i m e n t a l d a t a , w e can e s t i m a t e t h e r a t i o K ^ / K ^ . The r e s u l t s of t h e s e c a l c u l a t i o n s a p p e a r 

in T a b l e 2. 

T a b l e 2 

z, mm T°C q. g/kg K T /K E в. 

I 30 ,5 26 ,0 0 , 9 6 0 ,195 
2 2 8 , 6 2 2 , 5 0 , 9 0 0 ,206 
3 26 ,9 20 ,2 1,15 0,211 
4 26 ,2 17,6 1 ,50 0 ,204 
5 25 ,7 15,9 — 0 ,195 
6 25 ,8 14,85 — 0,175 
8 2 6 , 0 13,65 — 0,168 

It is c l e a r f r o m the t a b u l a r d a t a that the r a t i o K ^ / K ^ is c l o s e to u n i t y a l l t h e w a y 

up to the t e m p e r a t u r e i n v e r s i o n l a y e r . This m e a n s that the t e m p e r a t u r e p r o f i l e s and speci-
fic h u m i d i t y p r o f i l e s are s i m i l a r , and that the h e a t t r a n s f e r and m o i s t u r e d i f f u s i o n m e c h -
a n i s m s at w o r k in t h i s l a y e r are i d e n t i c a l . 

The B o w e n n u m b e r , by d e f i n i t i o n e q u a l to the r a t i o of heat flux a n d m o i s t u r e f l o w , is 
a n i m p o r t a n t d i m e n s i o n l e s s c h a r a c t e r i s t i c of the l a y e r of a i r a d j a c e n t to the w a t e r sur-
f a c e . Its s i g n i f i c a n c e lies in its v a l u e for e s t i m a t i n g the c o n t r i b u t i o n m a d e by m o i s t u r e 
to d e n s i t y s t r a t i f i c a t i o n . U p o n c a l c u l a t i n g the r a t i o T x / q # , w e can e s t i m a t e the B o w e n 
n u m b e r , s i n c e we h a v e 

Во=Л>-I±-. ( 6 ) 
L q* 

W i t h that f o r m u l a t i o n , w e get Bq = 0.207- T h e e s t i m a t e so o b t a i n e d is in c l o s e a g r e e m e n t 

c u l a t e d on t h 
an a l s o b e de 

m e a s u r e m e n t s [13]: 

w i t h Bq v a l u e s c a l c u l a t e d on the b a s i s of m e a s u r e m e n t s t a k e n a b o v e the sea s u r f a c e [ 1 2 ] 
The B o w e n n u m b e r can a l s o b e d e t e r m i n e d from d a t a on t e m p e r a t u r e a n d h u m i d i t y p r o f i l e 

B o = k,(T0-T)^ ( 7 ) 

L (?o — qa) 

Note t h a t E q . (7) for the B o w e n n u m b e r is v a l i d only p r o v i d e d w e h a v e Krp/Kg = 1 . Re-

s u l t s of c a l c u l a t i n g the n u m b e r Bq u s i n g E q . (7) are l i s t e d in T a b l e 2 . R e s u l t s of calcu-

l a t i o n s b a s e d on E q . (6) a n d E q . (7) a g r e e in the layer d i r e c t l y a d j a c e n t to t h e w a t e r 

s u r f a c e , w h i c h once a g a i n s e r v e s to c o n f i r m that the t r a n s f e r c o e f f i c i e n t r a t i o in t h a t 

layer is u n i t y . 

A n a l y s i s of the m e a s u r e m e n t s data r e v e a l s t h a t the t e m p e r a t u r e p r o f i l e a b o v e the in-
v e r s i o n l a y e r c l o s e l y o b e y s the P r a n d t l - O b u k h o v free c o n v e c t i o n law [11] (see F i g . 6b): 

T( 2) = /(2-'/3). 

R o o t - m e a n - s q u a r e v a l u e s of the t e m p e r a t u r e f l u c t u a t i o n s at t h o s e h e i g h t s are a l s o p r o p o r - : 
- 1 / 3 

t i o n a l to z (Fig. 6 c ) , i . e . , P r i e s t l e y ' s d e p e n d e n c e [14] o b t a i n e d f o r free c o n v e c t i o n 
is s a t i s f i e d at t h o s e h e i g h t s . A n a l y s i s of t r a c e s of t e m p e r a t u r e p u l s a t i o n s s h o w e d that 
the n a t u r e of t h e s e t e m p e r a t u r e p u l s a t i o n s a b o v e the i n v e r s i o n layer c o n t r a s t s m a r k e d l y 
w i t h the shape of the p u l s a t i o n s b e l o w the i n v e r s i o n l a y e r . S t a r t i n g at h e i g h t 5 m m , dis-; 
c r e t e s p u r t s of m o r e t h a n a d e g r e e show up a g a i n s t a b a c k g r o u n d of r a n d o m t e m p e r a t u r e p u l -
s a t i o n s , and on h o r i z o n s a b o v e t h e i n v e r s i o n layer the t e m p e r a t u r e p u l s a t i o n s e x h i b i t the 
f o r m t y p i c a l of c o n v e c t i o n f l o w : s h o r t - d u r a t i o n s p i k e s in t h e d i r e c t i o n of i n c r e a s i n g 
t e m p e r a t u r e a n d m o r e p r o t r a c t e d s t a t e s c h a r a c t e r i z e d by the a l m o s t c o m p l e t e a b s e n c e of 
o s c i l l a t i o n s . 
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A c c o r d i n g l y , a n a l y s i s of the e x p e r i m e n t a l data r e v e a l s that the l a y e r of a i r a d j a c e n t 
to the w a t e r s u r f a c e can be s e p a r a t e d i n t o two d i s t i n c t z o n e s , in the a b s e n c e of a d v e c t i v e 
t r a n s p o r t a n d w h e n t h e r e is i n t e n s e c h i l l i n g of the w a t e r s u r f a c e . At t h e top of the l a y e r 
of a i r a d j a c e n t to the w a t e r s u r f a c e (z >: 8 m m , i . e . , a b o v e the t e m p e r a t u r e i n v e r s i o n lay-
e r ) we f i n d free c o n v e c t i o n p r e v a i l i n g . E v i d e n c e of this is p r o v i d e d b y the s h a p e of t h e 
t e m p e r a t u r e p r o f i l e s a n d rms v a l u e s of t e m p e r a t u r e p u l s a t i o n s , a n d a l s o b y the a p p e a r a n c e 
of r e c o r d s of the t e m p e r a t u r e p u l s a t i o n s at t h o s e h e i g h t s . In the i m m e d i a t e n e i g h b o r h o o d 
of the w a t e r s u r f a c e , the t e m p e r a t u r e a n d h u m i d i t y obey a l o g a r i t h m i c law of d i s t r i b u t i o n 
w i t h h e i g h t (with z = 1 m m t a k e n as the l o w e r h o r i z o n in t h e m e a s u r e m e n t s ) . T h e b o u n d a r y 
b e t w e e n zones is f u z z y , a n d e n c o m p a s s a c e r t a i n l a y e r w i t h i n w h i c h t h e t e m p e r a t u r e f i e l d 
b e c o m e s r e s t r u c t u r e d and w h e r e a t e m p e r a t u r e i n v e r s i o n is o b s e r v e d o n the a v e r a g e d p r o f i l e s . 
E l e m e n t s of b o t h c o n v e c t i v e m o t i o n a n d t h e r m a l t u r b u l e n t b o u n d a r y l a y e r are p r e s e n t h e r e . 
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