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Abs t rac t

The s tudy  of f l u c t u a t i o n s  in geophysica l— type  flows is the cent ra l  issue

of the  work pWsued under the auspices of this  proposal .  By app rop r i a t e

model.�ing, an unde r s t and ing  is soug h t  fo r  (1) the  processes t ha t  con t ro l

and ori ginate  the t r a n s f e r  of energy , momentum , or mass in the a tmosphere

and (2)  large—scale  i n s t ab i l i t i e s  in both  o rd ina ry  and atmospheric  boundary

layers . Besides inves t iga t ing  t r a n s i t i o n  condi t ions , general  e f f e c t s  of

body forces (rotation of the earth in this case) on turbulence generation

in such a shear flow are ex p l o r e d .
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Review of Investigation Progress

Bas ica l l y ,  the  means fo r  r e sea rch ing  the  t ype  of phe nomena t h a t  occurs

in atmospheric or boundary layer conditions rests with some form of a strati—

fi.ed shear layer. Given such a flow——and it is assumed that it is defined

well enough so that all major mean physical characteristics are known and

even describable analytically——gene ral linearized perturbation theory is

utilized for probing these flows with the ultimate methods employed for solu-

tion of the  perturbation field being a blend of analytical tools and numerical

computations .

A. Stratified Shear Flows

With the specific case of atmospheric conditions , a series of important

steps has been followed for the exploration. First , proper modelling of the

most useful mean flow(s) was developed . Such effort yields a workable mean

ve l o c i t y  p r o fi 1~ U and dens i ty  p .  Second , t h i s  sy st e m  w~ s p e r t u r b e d  to t e s t  the

e q u i l i b r i u m  for  s t a b il i t y  and the  c r i t i c a l  r e l a t i o n s h i ps of  the  ph ys ica l  par-

ameters  involved. Typically , this step involves boundary conditions , Reynolds

and Richa rdson  numbers and is f u l l y  t h r e e — d i m e n s i o n a l .  Th i rd , i n i t i a l — v a l u e

problems wore  considered and solved w i t h  emp hasis  on develop ing wave packets .

This ac t ion  provides  a means fo r  d e t e r m i n i n g  the deve lopment  of kn own f l u c t u a -

t ions  w i t h i n  th is  e n v i r o n m e n t .  A means fo r  eventua l .  b r i~~~down has a l r eady

been proposed.  ( C f .  M . T. Lan dah i  and W . 0. Criminale , ~7”, 7 o ) ( 3 :48l~ 497 , l 9 7 7 . )

Unde r  th i s  p l a n , two s p e c i f i c  d i f f e r e n t  k i n d s  of f l o w  h a v e  he~ n analyzed

with q~ .i:~:i::~:ive t r e a :~~c n t  : (a~ a s t r a t i f i e d  sh e ar  l ay e r  i n  t h e  a b s e n c e  of

n . . a r i c s ;  (~~) s~~rati~~icd snear l ay e r  w i t h  a s o l i d  h~~ i;’~~i~ ~t t :~ o b o : t o~

e x t r e m i t y . In both  cases , the perturbation equations a re  considered invi scid

(a st ep  j u s t i f i e d  by the  f a c t  t h a t  t he r e  are dynamic instabilities present in

t h e  sys t em)  in  a d d i t i o n  to b e i n g  l i n e a r .  The g en e r a l  i n i t i a  i — v a l u e  ;~rob 1 em 

S~ - . . .
~~ - -. .- . . - .- -  .—... -~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i~i~~~



2

bases have been es tab l i shed  w i t h  the complete  so lu t ion  depending upon bo th

norma l mode expansions (exponen t ia l  time behavior  f rom the  homogeneous sys tem)

and a series of sou rce—l ike  and d o u b l e t — l i k e  d i s t r i b u t i o n s  fo r  the p a r t i c u l a r

par t  of the  so lu t i on ( s) . This means t ha t  the d i f f e r e n t i a l  equat ion  that  must

be solved can be w r i t t e n  in o p e r a t o r  f o r m  as

5)

( U — c )  L (w)  = 0

where U is the mean velocity , c is the comp lex phase ve loc i ty  of the per-

turbation and L is an ordinary operator involving second derivatives on the

normal component of the  perturbation velocity. When represented in this

manner it is clear that there are three sets of solutions :

( i) L(~~) = 0 Regular norma l modes governed by the homogeneous equation

and overall stability results.

( ii )  L ( w )  = ó ( z _ z *) P a r t i c u l a r  s o l u t i o n  due to source—like terms.

( i i i )  L(w)  = ó t ( z _ z *) Particular solution due to doublet distributio n .

The las t two sets of solutions are not usually considered in stability

theory but mus t be determined for a comp lete set of solutions in order  to

expand any a r b i t r a r y  in i t i a l  condi t ions . I t  i s  not s u f f i c i en t  to use only

the  p a r t  due to the  homogeneous equa t ion .

A unit pulse is introduced into the flow initiall y (any other arb itrary

~i.-~ :; U~ s :ribntion w o u l d  be a linear cor~bination of t h i s  case and , in wave space .

no scale is biased) and the subsequent motion picture is determined over

three relevant intervals of the t ime , namely , early , intermediate , and

asymptoticall y . Early time development i s  obtain ed by .1 simple Taylor series

expansion in t i m e  and the results become ~Uat ial a l t c r a t  ions of the initial

distributi on indi cating the immedi ate re—distri bution. Intermediate time 

-.--- - --- --- - ~~~~~~~~~~~~~~~~ - - .— ~ :_ .~~~
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depends upon inve r s ion  of the  Four ier  decomposi t ion  by numerical  c o m p u t a t i o n .

The critical final period resorts to ray mathematics but with the caution of

doing the calculations correctly becaus e the system is non—conservative . If

this care is not taken , spurious results , such as developing caustics can

cone about  tha t  have no physical bases whatsoever. Along the way of this

extens ive  exp lo ra t ion  s p a t i a l , as well as temporal  g rowth  or decay of an

initial perturbation ,has been considered. A specific examp le as shown in

Figures  1 and 2 i l l u s t r a t e  the  kind of d i f f e r e n c e s  in the  t e c h n i q u e s . T h i s

example is fo r  the flow with a solid boundary at the bottom jevel.

A r epor t  g iving the  d e t a i l s  of ray mathemat ics  in n o n — c o n s i r v ~~t i ve

sys tems has be ’~n comp leted (M.  Gaster , GeoJ~ ~~~~~~~~~~~ ~~~~~ ~~~~~~~~~ ‘ . .‘

Thn e zp oh C’ontr -i-bntiona , A p p l i e d  Ma thema t i c s  Group , U n i v e r s i t y  of W a s h in g t o n ,

1977) and a P h . D .  d i s s e r t a t i o n  (“ I n i t i a l — v a l u e  problems in s t r a t i f i e d  shear

flows ,” J.E. Brad t , Department of Oceanography , University of Washington)

cover ing  the  e n t i r e  s u b j e c t  w i l l  be read y t h i s  y e a r .  P u b l i s h a b l e  vers ions

of the  work w i l l  f o l l o w  soon t h e r e a f t e r .

B. Boundary Layers

Two major aspects of the atmospheric boundary layer have been cons ide red .

Firs t , an i n i t i a l — v a l u e  p r o b l e m  in the laminar  n o n — s t r a t i f i e d  Ekma n layer

has been done w i t h i n  the  t y p e  of f r amework  given fo r  a tmosp he r i c  shear  f l o w s .

A c t u a l  c a l c u l a t i o n s  w e r e  made  f o r  a se r i es  of t i m e  s t eps  f o r  t h r e e  d i f f e r e n t

i~e .-ao 1ds rc n -bers  ( c n . ~sen so t h a t  the  r an g e  of u n s t a b l e  modes could be in c o r —

~c r a L e J  and  m c i )  . It c.~n be recal~ od t h a t  t h e r e  ar.e two ma~ or v i s c o u s

i n s tab i l  i t  ics ( P a r a l l e l  and Tol lm i e n — S c h l i c h t i n g )  and one i n v i s c i d  due to

inf lexions in t h e  ~ c~1n v e l o c i t y  p r o f i l e .  ~i in’ . det ails are n e c e s s a r y  for

comp l o t  I on o I t h i s  W ()  r k — —  c i  genva  1 no c a l  cola  t i o n s  , doub I c  Four  i cr  i n t e g r a l
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invers ions , and a means to d isplay  resu l t s . One f i n a l  p roduc t  is included here in

Figure  3 f o r  t h e  Reynolds  Number  105 and at a time very  much a f t e r  the initial

pulse.  I t  is clear t h a t  the  wave packet is beg inn ing  to separa te  and the two

prominent viscous modes (Parallel and Tollmien—Schlichting waves) are both

present and distinct.

The second par t  of th is  work involves the t u r b u l e n t  Ekman b o u n d a r y  l aye r .

Simple  f o r m u l a t i o n  has been made b y a l lowing a variable eddy v iscosi ty  w i t h

a logar i thmic velocity layer connected (as one moves f rom the boundary  to the

f r ee—s t r eam)  to an Ekman sp i ra l .  P e r t u r b a t i o n  ca lcu la t ions  tend to  i n d i c a t e

tha t  the  layer  is s tab i l i zed  w i t h  respect  to all the  poss ib le  phy . ii ca l  modes

of i n s t a b i l i t y .  In a gross way , then , i t  appears  tha t  t u r b u l e n c e  p r o d u c t i o n

in this  kind of f l ow  is akin to a classic boundary layer without rotation .

Indeed , except for certain necessary uni que features , the  phys ics  may be the

same. Morecver , linear calculations can be used to further study t he  problem.

For exam p le , velocity—velocity cancellations can be estimated in a manner

analogous to Landahl’s proposal (M.T. Landah i , Ji”~, 29(3) :441—459 , 1977).

A comp lete Ph.D. dissertation (“Fluctuations in the atuospheric boundary

layer ,” G.F. Spooner , Department of Oceanograp hy ,  University of Washington)

covering the work on both the laminar and turbulent problems w ill be co:~p Iet~~J

d u r i n g  1979.

Newer  t echn i ques on laminar  bounda ry  l aye r s  of t he  f l a t — p la te  v a r i e t y  a rc

a l so  un d e r  invest i g a t  ion with two topics considered important: (~~> i s  t h er e

a c on t i n u o u s  s p e c t r u m  of ei genva lues  (or , in o t h e r  words , a te : - ipor a l  s o l u t io n ( s )

that is not  d e s c r i b e d  by  the  norma l mode e x p a n s i o n s ? )  i n  a d d i t i o n  to the  kn own

d i s c r e t e  set and can such a s p e c t r u m  be c a l c u l a t e d  in a manner  that is not

i n v o l v e d , i . e . ,  w i t h o u t  some f o r m  of the  O r r — S o r n m e r f e l d  e q u a t i o n ;  (b )  is the

g e n e r a l  p e r t u r b a t i o n  p r o b l e m  that is b e i n g  cons i der ed  c o r r e c t  , i - e • , Is  it

a d e q u a t e  t h a t  the  h l I 5 i s i u s  s o l u t i o n  i s  p e r t u r b e d ?  B o t h  o f  t h e s e

— .  - -----— ---- —. ---.— -—. ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~ ~~T T ~~T.~_
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inves t iga t ions  are in an advanced s t a t e  bu t  not yet  ready to be repor ted

because  necessary numerical  computat ions remain to be made . 

— - -  . T~-~-±~ ~~~~~~~~~~~~~
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