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Air-sea i n t e r a c t i o n  experiments conducted a t  .an o f f shore  p la t form near  
A t l a n t i c  c i t y , '  ~ew.;Te,rsejr ,  dur'ing September.rl.4 t o  23., 1 9 7 6 ,  . a r e  described i n  
t h i s  r epor t .  Moinentum f l u x  -was meas.ured . b y t h e  eddy c o r r e l a t i o n  method. wave 
h e i g h t ,  s lope ,  and, d i r e c t i o n  s p e c t r a  were es t imated from wave height  v a r i a t i o n s  

' measured by '  ari .array of wave: s t a f f s : ~ . p o s i t i o n e d  - i n :  the. corners  of an . e q u i l a t e r a l  
i t r i a n g l e .  Some preliminary r e s u l t s  of the a n a l y s i s  a r e  a l s o  presented.  

. . ,  , 
3 '  3 .  . . 
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INTRODUCTION 

Air -sea  . i n t e r a c t i o n  exper iments  were conducted by t h e  Atmospheric Sc i ences  
D i v i s i o n  of Brookhaven N a t i o n a l  Labora to ry  (BNL) a t  an o f f s h o r e  p l a t f o r m  i n  t h e  
v i c i n i t y  of A t , l a n t i c  Ci ty , '  New ~ e r s e ~ .  The p l a t fo rm '  was l o c a t e d  a t  39" 50'N 
and 75" l O ' W ,  , a b o u t  4.8 km o f f  L i t t l e  Egg i n l e t  and abou t  20 km n o r t h e a s t  of 
A t l a n t i c  C i t y  ( F i g u r e  1) .  The o b j e c t i v e s  of t h e  experiment  were (1 )  t o  d e t e r -  
n i n e  t h e  s l o p e s  and p ropaga t ion  d i r e c t i o n s  of s u r f a c e s  waves w i th  t h e .  use  of a n  
a r r a y  of wave s t a f f s ,  and ( 2 )  t o  supplemelit t u r b u l e n t  f l u x  o b s e r v a t i o n s  made 
from a  , s t a b l e  a i r - s e a  i n t e r a c t i o n  buoy. 1-3 The exper iments  were conducted f o r  
a  10-day p e r i o d ,  September 14-23,' 1976. The purpose of t h i s  r e p o r t  is t o  de- 
s c r i b e  t h e  experiment  and p r e s e n t  some t y p i c a l  r e s u l t s .  D e t a i l e d  a n a l y s i s  of 
t h e  d a t a  is be ing  , c a r r i e d  out  and t h e  r e s u l t s  w i l l ' b e  pub l i shed  i n  a '  f u t u r e  
r e p o r t .  

' MEASUREMENTS 

The A t l a n t i c  Ocean is  abou t  14 m deep a t  t h e  s i t e  and t h e  p l a t f o r m  w a s  
about  6  m above mean s e a  l e v e l .  The me teo ro log ica l  tower above t h e  p l a t f o r m  
was about  4 m h igh  -so t h a t  t h e  i n s t rumen t s  were l o c a t e d  a t  a  h e i g h t  of abou t  10  
m above mean s e a  l e v e l  (F igh re  2 ) .  A s i ng l e - senso r  * v e r t i c a l  ho twi re  probe 
(manufac tured  by Therno 'Sys tems,  I n c . )  w i th  a  f requency  response  of abou t  5 Hz 
( o r  a  response  d i s t a n c e  of 0.5 m) was used t o  measure l o n g i t u d i n a l  v e l o c i t y  
f l u c t u a t i o n s .  L a t e r a l  and v e r t i c a l  v e l o c i t y  ' f l u c t u a t i o n s  were measured by a 
RNL bivane  which has  a  response d i s t a n c e  of about  1  m. C h a r a c t e r i s t i c s  of t h i s  
b ivane  have been d e s c r i b e d  e l sewhere  by SethuRaman and ~ u t h i l l .  A cup anemom- 
e t e r  was a l s o  i n s t a l l e d  i n  t h e  same l e v e l  a s  t h e  ho twi re  f o r  a  'cont inuous f i e l d  
c a l i b r a t i o n  check on t h e  ho twi re  s enso r .  The arrangement  of m e t e o r o l o g i c a l  
s e n s o r s  on t h e  tower is  shown i n  F igu re  3  and a  close-up view of t h e  i n s t r u -  
ments i n  F igu re  4. A weather  s t a t i o n  (manufactured by C l ima t ron ic s ,  I nc .  ) was 
used t o  make cont inuous  measurenents  of mean wind speed ,  d i r e c t i o n ,  a i r  temper- 
a t u r e ,  s e a  s u r f a c e  t empera tu re ,  and r e l a t i v e  humidity f o r  t h e  expe r imen ta l  
p e r i o d  (F igu re  5 ) .  Sea s u r f a c e  t empera tu re  was ob ta ined  wi th  a  t h e r m i s t o r  on a 
f l o a t .  An a r r a y  of wave s t a f f s  w i th  t h r e e  capac i t ance - type  wave h e i g h t  s e n s o r s  
was used t o  e s t i m a t e  t h e  wave h e i g h t ,  wave s l o p e ,  and d i r e c t i o n  s p e c t r a  (F igu re  
6).  The s e n s o r s  were a r r anged  i n  an e q u i l a t e r a l  t r i a n g u l a r  geometry w i th  known 
o r i e n t a t i o n .  . Wave s l o p e ,  and d i r e c t i o n  s p e c t r a  were ob ta ined  by c o r r e l a t i n g  
t h e  s imu l t aneous  wave h e i g h t  v a r i a t i o n s  measured by' t h e  t h r e e  wave h e i g h t  sen- 
s o r s .  S u r f a c e  d r i f t  c u r r e n t  measurements were made i n  t h e  v i c i n i t y  of t h e  
p l a t f o r m  from a  boat  u s ing  a  drogue. The drogue c o n s i s t e d  of two me ta l  f i n s  a t  
r i g h t  a n g l e s  t o  each  o t h e r ,  p o s i t i o n e d  50 cm from a  s u r f a c e  f l o a t ,  and a  rope  
1 0  m long. D r i f t  c u r r e n t s  were e s t i m a t e d  by r eco rd ing  t h e  time it took f o r  t h e  
10 m l e n g t h  of rope  t o  be s t r e t c h e d  on t h e  s u r f a c e  of t h e  ocean from t h e  
anchored  boat .  S e v e r a l  o b s e r v a t i o n s  were made t o  o b t a i n  a  r e a s o n a b l e  ave rage .  
Sea s u r f a c e  t empera tu re s  were measured p e r i o d i c a l l y  from t h e  boat  w i th  a  mer- 
cu ry  thermometer f i t t e d  i n  a  f l o a t .  Dry and wet b u l b  t empera tu re s  were 
o b t a i n e d  over  t h e  boat  wi th  a  s l i n g  psychrometer.  

The d a t a  a c q u i s i t i o n  sys tem c o n s i s t e d  of a Metrodata  620B d i g i t a l  magnet ic  
c a r t r i d g e  r e c o r d e r ,  two TEAC ana log  magnetic  c a s s e t t e  r e c o r d e r s ,  and a  s t r i p  
c h a r t  r e c o r d e r .  The d i g i t a l  r e c o r d e r  was o p e r a t e d  i n  cont inuous  mode whenever 
t h e  crew cou ld  s t a y  near  t h e  p l a t f o r m  and 'was put  i n  remote mode f o r  ove rn igh t  
o b s e r v a t i o n s .  I n  remote node, a  t imer  a c t i v a t e d  t h e  r e c o r d e r  a t  p r e s e t  t imes  
which u s u a l l y  c o n s i s t e d  of 10-minute r eco rd ings  every  Iluur. Power supp ly  f o r  
t h i s  r e c o r d e r  c o n s i s t e d  of a  12 V - 96 A h r  w e t - c e l l  b a t t e r y .  



To a v o i d  a l i a s i n g  problems i n  s p e c t r a l  a n a l y s i s ,  o u t p u t s  from t h e  b ivane ,  
ho twi re ,  and wave s t a f f  a r r a y  were p r e f i l t e r e d  be fo re  d i g i t a l  recording .  Krohn- 
h i t e  f i l t e r s  r e q u i r i n g  two 12 V - 40 A h r  b a t t e r i e s  were used f o r  t h i s  purpose. 
A l l  t h e  i n s t r u m e n t s  were o p e r a t e d  by a 12 V - 96 A h r  b a t t e r y  through a junc- 
t i o n  box. The C l ima t ron ic s  weather  s t a t i o n  had i t s  own 12-V b a t t e r y  t h a t  could  
. las t  f o r  a pe r iod  of about  21 days. A view o f '  t h e  d a t a  a c q u i s i t i o n  system i s  
shown i n  F igu re  7. High frequency ' d a t a  were ob ta ined  from September 14 t o  18  
and r eco rded  on magnet ic  t apes .  Mean d a t a  from t h e  weather .  s t a t i o n  were 
r eco rded  con t inuous ly  from September 14 t o  23. 

ANALYSES OF DATA 

Synop t i c  c o n d i t i o n s  v a r i e d  s i g n i f i c a n t l y  du r ing  t h e  experiment .  A h i g h  
p r e s s u r e  sys tem was c e n t e r e d  over t h e  a r e a  on t h e  f i r s t  and second days 
(September 14 and 15). A c o a s t a l  low a f f e c t e d  t h e  winds near  t h e  p l a t fo rm on 
September 16  and a c o l d  f r o n t  passage occu r red  on September 17. Surface 
wea the r  maps f o r  September 14, 16 and 1 8  a r e  g iven  i n  F igu res  8 ,  9 ,  and 10 ,  
r e s p e c t i v e l y .  

Time h i s t o r i e s  of wind speed and a i r  tempera ture  a r e  shown i n  F igu res  11 
and 12, r e s p e c t i v e l y .    elated wind d i r e c t i o n  and s y n o p t i c  and mesoscale fea-  
t u r e s  .are a l s o  i n d i c a t e d  i n  F igure  12. The 10-m a i r  tempera ture  w a s  roughly 
t h e  same as ' the  s e a  s u r f a c e  tempera ture  when t h e  wind d i r e c t i o n  was E-SE w i t h  
s i g n i f i c a n t  overwater  f e t c h .  V a r i a t i o n s  i n  a i r  t empera tu re s  occurred  wi th  
winds of l i m i t e d  f e t c h  over water .  D r i f t  c u r r e n t  and s e a  s u r f a c e  tempera tures  
measured from the  boat a r e  g iven  i n  Tab le  1. 

Tab le  1 
S u r f a c e  Current  and Temperatures From Boat 

flcon 
s u r f  a c e  Tdry* Twet * l'sea 

Time c u r r e n t  D i r e c t i o n  
Date (EST (cmlsec)  (.towards) ("C) ("C) (OC) 

9-14-76 1700 28 North 22.2 21.6 22.2 

1200 18 N-NW 22.8 22.1 21.7 

1300 12 N-NW 22.8 21.7 2 i .8  

3.400 9 N -NW '22.2 21.4 21.4 

9-17-76 1300 66 North 23.6 22.8 22.0 

1500 19 North 23.3 22.2 21.9 

*Wet and dry  bu lb  tempera tures  were measured from the  boat  and the  h e i g h t  
of measurement is e s t i m a t e d  t o  be about  2 m. 



Wave d i r e c t i o n  s p e c t r a  can be computed by c o r r e l a t i n g  t h e  s imul taneous  wave 
h e i g h t  v a r i a t i o n s  measured by t h e  t h r e e  wave  staff^.^ . Typica l  wave d i r e c t i o n  
s p e c t r a  a r e  shown i n  F igu re  13. Low frequency waves seem. t o  be approximate ly  
p a r a l l e l  t o  t h e  wind and t h e  h igh  f requency waves more random i n  d i r e c t i o n .  
P rev ious  s t u d i e s 1  i n d i c a t e d  t h a t  t h e  s u r f a c e  s h e a r  s t r e s s  is in f luenced  by t h e  
wave age  and consequent v a r i a t i o n s  i n  t h e  r e l a t i v e  motion between the  waves and 
nea r - su r f ace  wind. F u r t h e r  a n a l y s i s  of wave s t a f f  d a t a  is being c a r r i e d  ou t  t o  
r e l a t e  wave d i r e c t i o n  t o  s u r f a c e  drag. 
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Figure 1 .  Map showing the location of the offshore platform. 



Figure 2. Photograph of the platform. 

Figure 3. Meteorological instruments on the tower above the platform. 
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Figure 4. A close-up view of the turbulence instruments comprising 
a single-sensor hotwire, a bi-directional vane, and a cup .anemometer. 

rrgure J. A close-up vrew or rne wearner srarlon wlrn mtirrummLS 
to measure mean wind speed, direction, air and sea temperatures, 
and relative humidity. 



Figure 6 .  Plan view of the array of wave s taf f s  arranged in  an 
equilateral triangular pattern to  measure wave height, slope, 
and direction spectra. 

Figure 7 .  A view of the portable data acquisition system 
on the platform. 



TUESDAY, SEPTEMBER 14, 1976 

Figure 8. Surface weather map at 0700 EST on September 14, 1976. 



THURSDAY, SEPTEMBER 16, 1976 

Figure 9. Surface weather map at 0700 EST on September 16, 1976. 



SATURDAY, SEPTEMBER 18, 1976 

Figure 10. Surface weather map a t  0700 EST on September 18, 1976. 
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Figure 1 1 .  Time history of wind speed 
(z = 10 m) for the duration of the 
experiment. 

Figure 12 .  Time history of a i r  
temperature for  the duration of 
the experiment. Wind directions 
and s ignif icant  synoptic and 
mesoscale features are a l s o  
indicated. 
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Figure 13. Typical wave direct ion spectra. 




