
SECTION I I .  GLOBAL WEATHER RESEARCH 

The NASA program of Global Weather Research is to develop an 
improved  capability for making global  observations of meteorologically 
important  parameters in order to increase the understanding of the 
complex processes which influence the large-scale  behavior of the 
atmosphere. 

John  Theon 
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Goals   of   the   Research 
”- 

The goa l   o f   ou r   r e sea rch  a t  Penn State is t o  combine the   obse rva t iona l  
c a p a b i l i t i e s  of sa te l l i t e  systems  with  dynamical  knowledge  and  principles 
t o   ob ta in   an   enhanced   capab i l i t y   fo r   unde r s t and ing  and p r e d i c t i n g   t h e  
s t r u c t u r e  and  evolut ion  of   global   weather  phenomena. 

I n i t i a l   r e s e a r c h   e f f o r t s   h a v e   b e e n   d i r e c t e d  a t  i d e n t i f i c a t i m  of 
c y c l i c  phenomena,  such a s  the   zona l   i ndex   cyc le ,  and t h e   d e t e r m i n a t i o n  
o f  concomi tan t   in te rac t ions   be tween  the   mot ion   and   hea t ing   f ie lds .   These  
s tud ie s   have   po in t ed   t he  way t o  modeling e f f o r t s   ( d e s c r i b e d   i n   a n  
accompanying  report)  aimed a t  de te rmining   prec ise ly  how t r a n s i t i o n s  are 
control led  and  to   development   of  a conceptua l   approach   for   p red ic t ing  
evo lu t ion   o f  long-wave s t r u c t u r e   u s i n g  satel l i te  da ta .  They a l s o   p o i n t  
t o  some p o t e n t i a l l y   f r u i t f u l   i n v e s t i g a t i o n s   f o r   t h e  AGCE e f f o r t .  

Significant  Accomplishments - and  Current  Focus  of  Research - 

The e f f o r t s   o f   t h e  l a s t  year   have  been  devoted  to   s tudy  of   empir ical  
r e l a t i o n s  be tween   g loba l   s ca l e   cyc l i c  phenomena using  both  convent ional  
and s a t e l l i t e  data  and  to  development of t he   ou t l i ne   o f  a p r e d i c t i o n  
scheme f o r   l a r g e - s c a l e   g l o b a l  phenomena. 

We have   focused   our   e f for t s   on  phenomena a s soc ia t ed   w i th   t he   w in te r -  
t i m e  c y c l i c   b e h a v i o r   o f   t h e   s t r e n g t h  of t he   zona l  component  of t h e  wester- 
l i es  ( the   zonal   index   cyc le) .   There  are t h r e e   d i s t i n g u i s h a b l e   o s c i l l a t i o n s  
p r e s e n t   i n  mid- and  high-lat i tude  a tmospheric   f low:  short-per iod ( 4  days) 
c y c l e s   a s s o c i a t e d   w i t h   t r a v e l l i n g   s h o r t   w a v e s ,   t h e   l o n g e r   c y c l e  (8 t o  
1 0   d a y s )   a s s o c i a t e d   w i t h   t h e   t r a v e l l i n g   d i s t u r b a n c e s   w i t h  wave-numbers f i v e  
t o   s i x ,  and a longe r -pe r iod   o sc i l l a t ion  (20  - 30 days ,   the   index   cyc le)  
a s s o c i a t e d   w i t h   t h e   q u a s i - s t a t i o n a r y  long-waves. 

A s imple   dynamica l   exp lana t ion   u t i l i ze s   t he   t he rma l  wind concept   to  
a rgue   tha t   reduced   eddy  t ransfer   o f   hea t   dur ing   the   s t rongly   zonal   par t  
of t he   cyc le   i nduces   i nc reas ing   shea r   o f   t he   zona l   i ndex  and t h u s   i n s t a -  
b i l i t y .  The   ampl i fy ing   edd ie s   i nc rease   t he   mer id iona l   hea t   t r ans fe r  and 
reduce   the   thermal   g rad ien t ,   thus   reducing   the   s t rength  of t he   zona l  com- 
ponent   and   the   eddies   d iminish ,   s ta r t ing   the   cyc le   aga in .  



The  modern mathemat ica l   v iew  of   th i s   p rocess   involves   the   sequence   of  
b i f u r c a t i o n s   t h a t   a p p e a r   i n   f o r c e d   m o t i o n .   I n   g e n e r a l ,   f o r  weak  axisym- 
metcic h e a t i n g   t h e r e  is  a l a rge - sca l e  symmetric so lu t ion .   Wi th   increased  
h e a t i n g ,   t h e  symmetric s o l u t i o n   g i v e s  way t o  a three-dimensional   per iodic  
s o l u t i o n .   W i t h   f u r t h e r   i n c r e a s e   i n   h e a t i n g ,   t h e r e  is a subharmonic  bifurca- 
t i o n   t o  a m u l t i p l e   p e r i o d i c   s o l u t i o n .   I n   F o u r i e r   p h a s e   s p a c e ,   t h i s  sub- 
harmonic   b i furca t ion  may be  represented  by  the  appearance i n  the   l onge r  
wave leng ths   o f   an   ene rgy   cyc le   t ha t   o sc i l l a t e s   w i th  a per iod two, t h r e e ,  
o r   f o u r  times as long as t h e   b a s i c   p e r i o d .   T h i s   p a t t e r n   a p p e a r s   t o  
co r re spond   t o  a cyc lon ic   pe r iod   o f  some 5 days,  a subharmonic  period of 10 
days,  and an index  cycle  of 20 days.   The  evolut ion  of   the  energy  spectrum 
of t h e   f l o w   i n t o   q u i t e   d i f f e r e n t   f o r m s  for high  and  low  index  regimes  has 
been  demonstrated  by our  e m p i r i c a l   s t u d i e s .  

In   both  the  s imple  dynamical   and  the  mathematical   v iew,   the  develop-  
ment   and  maintenance  of   the  longer-per iod  osci l la t ion i s  a r e s u l t  of t h e  
f o r c i n g  by d i f f e r e n t i a l   h e a t i n g   e x c e e d i n g  a c r i t i ca l  va lue .   This   cor res -  
ponds  with  the  observed  fact  that t h e   m u l t i p l e   p e r i o d i c   f l o w  is a winter- 
t i m e  phenomenon. 

P l a n s   f o r  FY-82 and Beyond 
"" 

The  importance of b e t t e r   r e s o l u t i o n  o f   t h e   g l o b a l   s c a l e   h e a t i n g   f i e l d  
and t h e   p o s s i b i l i t y  of long- te rm  forecas ts  are both  demonstrated by these  
o b s e r v a t i o n a l   r e s u l t s .  

The  main d r iv ing   fo rce   fo r   a tmosphe r i c   mo t ion   on   t he   g loba l  scale i s  
the   mer id iona l   t he rma l   con t r a s t   be tween   t he   l ow- la t i t ude  and po la r   r eg ions .  
Our o b s e r v a t i o n a l   r e s u l t s  show t h a t   v a r i a t i o n s   i n   m e r i d i o n a l   h e a t   f l u x  
are c l o s e l y   a s s o c i a t e d   w i t h   t h e   i n d e x   c y c l e .   S a t e l l i t e   m e a s u r e m e n t s  of 
ou tgo ing   r ad ia t ion   ove r   t he   po la r   cap  do  not  appear  to  be as c l o s e l y  
assoc ia ted   wi th   the   dynamica l   p rocesses .  However, t h e s e  are but  two pro- 
c e s s e s   i n v o l v e d   i n   t h e  en t i r e  thermal  budget  of  the  polar  cap,  and we are 
now a t t e m p t i n g   t o   r e s o l v e   t h i s   b u d g e t  more a c c u r a t e l y .  Our present   opinion 
i s  t h a t  sa te l l i t e  reso lu t ion   of   the   po lar   cap   hea t   budget  may provide 
impor tan t   ind ica tors   o f   impending   f low  t rans i t ions .  

The o s c i l l a t i o n  of the  energy  containing  components  of  the  spectrum 
wi th   bo th  a bas ic   and  a subharmonic  per iod  suggest   that   an  a t tempt   be 
made t o   p r e d i c t   t h e   e v o l u t i o n  of these  components  of  the  flow.  Such a 
p r e d i c t i o n  would  be  aimed,  not a t  loca l   wea the r   cond i t ions ,   bu t  a t  g loba l  
phenomena. Blocking may be  viewed as  a m a n i f e s t a t i o n  of the  low-index 
p a r t  o f   t he   cyc le  and  such a p red ic t ion   migh t   fo recas t   bo th   t he   onse t  
and des t ruc t ion   o f   ma jo r   b lock ing   pa t t e rns .  

An a t t r a c t i v e   a p p r o a c h  i s  t o   c o n s i d e r   t h e   p o t e n t i a l   v o r t i c i t y ,  which 
Ertel's theorem  demonstrates i s  a material and g l o b a l   i n v a r i a n t   f o r   i s e n -  
t r o p i c  a n d   i n v i s c i d   f l o w .   C h a n g e s   i n   p o t e n t i a l   v o r t i c i t y   t h u s   r e f l e c t  
hea t ing   o r   coo l ing .  The poten t ia l   vor t ic i ty   theorem  can   be   conver ted   v ia  
approx ima t ions   va l id   fo r  small Rossby  number  and la rge   Richardson  number 
into  the  quasi-geostrophic   equat ion,   which  governs  an  approximate  form of 
the   po ten t i a l   vo r t i c i ty .   Wi th in   t he   con tex t   o f   quas i -geos t roph ic   t heo ry ,  
t h e   p o t e n t i a l   v o r t i c i t y  i s  de termined   so le ly  by t h e   t e m p e r a t u r e   f i e l d ,  and 
thus   can   be   measured   by   sa te l l i t e ' soundings   a long .   Spec t ra l   t echniques   can  
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t hen   be   u sed   t o   p roduce   p red ic t ions   o f   t he   evo lu t ion   o f   t he   l onges t  waves, 
u t i l i z i n g  sa te l l i t e  observa t ions   o f  i n i t i a l  f i e l d s  and  heat ing rates. 

It i s  t h u s   a t t r a c t i v e   t o   a t t e m p t   t o   c o n s t r u c t  a s p e c t r a l  model f o r  
p red ic t ing   g loba l   wea the r  phenomena. Such a model i s  c e r t a i n l y   n o t  immune 
t o   t h e   n o n l i n e a r   e f f e c t s   t h a t   d e s t r o y   p r e d i c t a b i l i t y  i n  convent ional  
models ,   but   these  problems  can  be  reduced by r e d e f i n i t i o n   o f   p r e d i c t a b i l i t y  
and  by su i tab le   parameter iza t ion   of   energy   f luxes .  

The r e d e f i n i t i o n  i s  an   impor t an t   and   non t r iv i a l   s t ep .   P red ic t ions  
o f   l oca l   wea the r  are usua l ly   judged   on   the   phase ,   no t   the   ampl i tude ,  of 
t h e   f o r e c a s t .  Late a r r i v a l   o f  a developing   cyc lone   produces   forecas t   e r ror .  
But i f  w e  restrict o u r   i n t e r e s t   t o  a c o r r e c t   p r e d i c t i o n   o f   t h e   d i s t r i b u t i o n  
of   spectral   energy  and  ignore  phase,   then we may have a c o r r e c t   p r e d i c t i o n  
w i t h i n   t h a t  framework  even  though  phase  errors were se r ious .  We thus   t ake  
a d v a n t a g e   o f   t h e   f a c t   t h a t  spectral  energies   evolve  s lowly  while   phases  
can   va ry   r ap id ly   w i th   r e spec t   t o  wave  number and t i m e .  Such a r e s t r i c t i o n  
t o   s p e c t r a l   e n e r g i e s  i s  indeed   appropr ia te   in   the   a t tempt   to   de te rmine   f low 
t r a n s i t i o n s ,   o r   t h e   c o u r s e   o f   t h e   i n d e x   c y c l e .  

Such a model   could   no t   p red ic t   evolu t ion   of   the   energy   spec t rum  cor rec t ly  
without  a t  least  an  approximate  vers ion  of   the  spectral   energy  f luxes  f rom 
smaller-scale   systems.   These  f luxes  depend  on  phase  re la t ions among the  
Fourier  components,  but i t  may b e   p o s s i b l e   t o   o b t a i n  a s t a t i s t i c a l l y   c o r r e c t  
parameter iza t ion .  We are  explor ing  two i n n o v a t i o n s   i n   t h e   a r c h i t e c t u r e  of 
s p e c t r a l   m o d e l s   w i t h   t h e s e   i d e a s   i n  mind.  The f i r s t   i n v o v l e s  u s e  of empir ica l  
o r thogona l   func t ions   t o   r e so lve   t he   l a rge - sca l e   dynamics  of the  f low  adequately 
wi th  a l i m i t e d  number of   bas ic   func t ions .  The second is a method of us ing  
obse rved   o r   mode l   r e su l t s   t o   deve lop  a parameter iza t ion  of t h e   s t a t i s t i c a l  
e f f e c t   o f   t h e  smaller components on the   l a rge - sca l e s  w e  hope t o   p r e d i c t .  
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SIGNIFICANT ACCOMPLISHMENTS FY-81 

A major  goal of o u r   e f f o r t   t o   u t i l i z e  s a t e l l i t e  o b s e r v a t i o n s   t o  
understand  global   weather  phenomena is the   deve lopment   o f   theore t ica l   ideas  
tha t   can   be   ve r i f i ed   and   mod i f i ed  by the  use  of  sa te l l i t e  obse rva t ions .  We 
have   cons t ruc ted  a number o f   spec t r a l   mode l s   t o  test ideas   about   the   a tmospher ic  
index   cyc le   and   b locking   pa t te rns .   Eventua l ly  w e  p l a n   t o   u s e  more r e a l i s t i c  
p a t t e r n s  of heat ing  which are derived  from sa t e l l i t e  e a r t h   r a d i a t i o n   b u d g e t  
obse rva t ions .  

An impor tan t   par t  of ou r   t heo re t i ca l   e f fo r t   has   been   devo ted   t o   unde r s t and ing  
t h e  mechanisms  whereby the  zonally-symmetric  Hadley  f lows  break down i n t o   t h e  
wavel ike   Rossby   pa t te rns   typ ica l   o f  mid  'and h i g h   l a t i t u d e s .  The Hadley  flow 
is d r iven  by e x t e r n a l   r a d i a t i v e   h e a t i n g   a n d   t o  a lesser e x t e n t  by l a t e n t   h e a t i n g  
a e q u a t o r i a l   l a t i t u d e s .  The  Rossby p a t t e r n  seems t o   e v o l v e  when the  zonal   winds 
associated  with  the  Hadley  regime become b a r o c l i n i c a l l y   u n s t a b l e .  M r .  Harry 
Henderson  has  successfully  developed a two-dimensional spectral  model,  based 
on  the  Boussinesq  equat ions,   of   the   Hadley  f low  in  a cyc l indr ica l   geometry  
wh ich   s imula t e s   t he   ea r th ' s   sphe r i ca l   geomet ry .   Rad ia t ive   hea t ing  i s  based on 
obse rva t ions  of  Dutton  (1976)  and  eddy  viscosity i s  a l lowed  for .   This  is one 
o f   t h e   f i r s t   e f f o r t s  w e  know of t h a t   h a s   b e e n   a b l e   t o  model the  Hadley  regime 
i n  as much d e t a i l .  An a n a l y s i s  was t h e n  performed of t h e   s t a b i l i t y  of t h e   s o l u t i o n s  
to   quas i -geos t rophic   wavel ike   d i s turbances .  M r .  Henderson  has   been  able   to  
model i n   d e t a i l   t h e   t r a n s i t i o n   o v e r   t o   t h e  Rossby  regime  by t h i s   a n a l y s i s .  
Fig.  (1)shows i n   d e t a i l   t h e   t r a n s i t i o n   r e g i o n   b e t w e e n   t h e   r e g i m e s  and d e p i c t s  
the  regions  of  the  Rossby  regime  that  are dominated  by  var ious  horizontal  
wavenumbers. We were n o t   a b l e   t o   e x t e n d   t h e   a n a l y s i s   i n t o   t h e  area of l a r g e  
h e a t i n g  or  thermal Rossby  number Ro t o   i n v e s t i g a t e   t h e   t r a n s i t i o n   b a c k   t o  a 
symmetr ic   Hadley  regime  because  the  solut ions  for   Hadley  regime  did  not  T 

converge   wi th   l a rge   hea t ing .  

Studies  of  the  Hadley  and  Rossby  regimes similar t o   t h e   a b o v e   i n  much 
s impler   geometr ies   revea l   tha t   the   t rans i t ion   be tween  var ious  wavenumbers i n  
t h e  Rossby  regime is  no t  a c l e a r c u t   l i n e  as a p p e a r s   i n   F i g .  (1) b u t   o c c u r s   i n  
a zone,  Lorenz  (1962).  For  instance i n   t h e   t r a n s i t i o n   b e t w e e n  wave  n  and n+l  
t h e r e  is a r eg ion   where   e i the r  wave can   dominate   and   the   f ina l   t rans i t ion   f rom 
n t o   n + l   o c c u r s   a l o n g  a l i n e  which d i f f e r s  from tha t   fo r   t he   swi t ch -ove r   f rom 
n + l   t o   n *   T h i s   h y s t e r e s i s  is  a common geophysical  phenomenon.  The atmosphere  can 
probably   be   charac te r ized  as o c c a s i o n a l l y   l y i n g  i n  such zones of t r a n s i t i o n  a n d  t h e  
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500 mb flow pattern  could  be  highly  transitory. 
A two-level  spectral  quasi-geostrophic  model 
has  been  constructed  to  look  at  the  detailed 
structure  of  the  wavenumber.transitions in 
the  Rossby  regime. So far we have  been  able 1 
to  find  the  non-linear  steady  Rossby  solutions 
and  have  discerned  the  regions  of  the  Rossby 
regime  dominated  by  each  wavenumber. 
model is unique in that  it is valid  for This a h 
spherical  geometry  with  full  account  for  the 
variability  of  the  Coriolis  parameter  taken 
into  account.  We  plan  to  integrate  the 0.l 
spectral  equations in the  vicinity  of  the 

- 
of  the  flow  patterns. 
transition  regions  to  determine  the  nature 

I I I I 
Two quasi-geostrophic  phenomena  which IO ldb /ooa 

we  have  been  especially  interested in are Fig, 1, Hadley  and  Rossby  regimes. 
the  index  cycle  and  blocking  patterns.  Charney  Ro i s  thermal  Rossby  number 
and  Devore  (1979)  have  recently  shown  that  an3 5 is  Ekman  number. 
the  mechanisms  governing  the  establishment  of 
blocking  patterns  can  be  simulated  with  a 
simple  two-layer  quasi-geostrophic  model.  They  show  that  such  a  model  can  have 
under  certain  conditions  multiple  steady  state  solutions  and  the  atmosphere 
can  switch  over  from  one  to  the  other  via  an  instability  of  an  intermediate 
state  which  is  induced  by  orography.  We  have  developed  a  similar  model  to 
look  at  the  blocking  phenomenon  in  more  detail  and  to  determine  whether  the 
index  cycle  can  arise  due  to  an  instability  of  one  of  the  steady  states to 
a  periodic  solution,  a  Hopf  bifurcation.  Some  features  of  our  model  are: 

it  is  spectral  with  one  east-west  wavenumber  and  a  mean  flow  represented 
at  two  levels 
the  waves  are  confined  to  lie in a  mid-latitude  B-plane  channel  bounded 
at 30 and 60°N 
orographic  forcing of the  flow  at  a  single  wavenumber  is  allowed  for 
radiative  forcing  is  specified  by an externally-imposed  north-south 
temperature  gradient  or  equivalently  a  vertical  wind  shear AUo 
the  model  is  baroclinic  and  thus  the  vertical  shear of the  mean  wind 
can  be  altered by.the action  of  the  waves  but  the  vertical  mean  wind U 
cannot  be.  The  mean  wind U is  externally  imposed  and  changes in 
response  to  momentum  forcing  across  the  walls  of  the  channel. 

anticipate  that  the  index  cycle  is  a  non-linear,  periodic  solution 
of  the  quasi-geostrophic  euqation. - Fig. (2) shows  the  steady  solutions  to 
our  model  for  fixed U and AUo as  a  function  of  horizontal  wavenumber. 
between  wavenumbers 5 and 6 the  symmetric  Hadley  solution  becomes  unstable 
and  the  new  steady  solution  which  branches  off  is  singly  periodic.  When  we 
integrated  the  non-linear  spectral  equations,  the  solution  turned  out  to 
be  doubly  periodic - the  fundamental  period  associated  with  the  Roddby 
period  and  the  second  a  multiple of that.  The  solution  looks  much  like 
the  atmospheric  index  cycle. 
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We a l so   f i nd   t ha t   t he  model can  switch 
over  from a Hadley-like  solution  to a low go* 
index  blocking  pattern a ce r t a in  cr i t ical  
values of the  forcing  functions.  Fig.  (3) 
gives an example  and we s h a l l  show examples 
of the   so lu t ions   to   the  time dependent 
equations as the  sudden transit ion  occurs.  

PLANS FOR  FY-82 

N o w  t ha t  we have  found tha t  a low order 
spec t r a l  model can exhibi t  a behavior  that 10 
strongly  resembles  the  atmospheric  index 
cycle and the  blocking  patterns,  we plan  to  
use  the models to   es tabl ish  the  behavior  of 
these phenomena under a wide var ie ty  o f  
conditions. From our  observational work 40 
we p lan   to   es tab l i sh   the   charac te r i s t ic  'W&d€Rm)' 
patterns that  the  atmosphere assumes p r io r  Fig. 2. Steady  solutipns. 

to  the  establishment of a persistent  blocking 
s i tua t ion  and then w e  can u t i l i z e   s a t e l l i t e  
observed  heating  patterns  to  anticipate 
blocking  s i tuat ions  in   the atmosphere. 
If indeed  the  index  cycle is  a multi- 
per iodic  phenomenon as  our models ind ica te ,  
w e  will determine from spec t ra l   ana lys i s  
of s a t e l l i t e  temperature  and  heating 
pa t te rns   the   s t ruc ture  of these   pa t te rns  4Ua6- 
and then see i f   t h e  models can  duplicate 09" 
these  pat terns .  

0 -  

w 
1 I  I 

3 

U=AUo=15 m s- . 

30- 

We need to  generalize  our  rather  crude 
spec t r a l  models t o  account for   barotropic  
processes and more realist ic wave s t ruc tures  
both  horizontally and ve r t i ca l ly ,  however, 
before we can make realist ic comparisons 0 
with  the atmosphere. 

40 
-ro 30 

YaveLumber 3,  U = ~ O  m 5-'. 
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T i t l e :  The  Role  of  Latent Heat Release i n   B a r o c l i n i c  Waves - Without  &Effect 

Research   Inves t iga tors   Involved  : D r .  Chung-hh Tang 
USRA V i s i t i n g   S c i e n t i s t  
NASA/George C. Mrsha l l   Space   F l igh t   Cen te r  
m i l  Code: ES82 
Marshall   Space  Flight  Center,  AL 35812 
T e l  : 205/453-1944 

D r .  George H. F i c h t l  
NASA/George C. Marshall   Space  Flight  Center 
Mail Code: ES82 
Marshall   Space  Flight  Center,  AL 35812 
T e l :  205/453-0875 

SLgnif icant  Accomplishments EY80 : 

I n   t h i s   p a p e r  w e  deve lop   t he   ana ly t i ca l   t heo ry   o f   two- l eve l   quas i -  
geos t roph ic   ba roc l in i c  waves  without  B-effect  aimed a t  unde r s t and ing   t he  
r o l e  of l a t e n t   h e a t  release on  the  development  of  baroclinic  waves.  

When t h e  release o f   l a t e n t   h e a t  is introduced  with  pseudo-adiabat ic  
a scen t   and   d ry   ad iaba t i c   descen t ,   t he   w id th   o f   t he   a scend ing   r eg ion ,  a ,  is 
d i f f e ren t   f rom  the   w id th   o f   t he   descend ing   r eg ion ,   b ,   and   fu r the rmore ,  a 
s ta t ic  s t a b i l i t y - v e r t i c a l   v e l o c i t y   c o r r e l a t i o n   r e s u l t s   i n   t h e  mean state 
t h i c h e s s   i n c r e a s i n g   w i t h  time, however, t h e   b a s i c  s ta te  shea r  i s  de f ined  
- a p r io r i ,   i ndependen t   o f   t he   pe r tu rba t ions ,   i n   t he   fo rmula t ion   o f   t he  
s t a b i l i t y  p rob lem.   In t eg ro -d i f f e ren t i a l   equa t ions   fo r   t he   pe r tu rba t ions  
are Leveloped. Due t o   t h e  mass c o n t i n u i t y   c o n s t r a i n t ,   t h e   u n s t a b l e  waves i n  
the  dry  and moist r eg ions  are  s t a t i o n a r y   i n  a f rame  of   re fe rence   which   t rans-  
la tes  w i t h  mean zonal wind a t  t h e   m i d d l e   l e v e l ,  and t h e  growth r a t e  i n   t h e  
moist   region is e q u a l   t o  that $n the   d ry   r eg ion ,  same as i n   t h e   d r y  model. 
Define  the  parameter   P2f2/Sdp2ki ,   where f is  the   Cor io l i s   pa rame te r ,  

is t h e  s t a t i c  s t a b i l i t y   i n   t h e   d r y   r e g i o n ,  p2 is t h e   p r e s s u r e  a t  t h e  
middle   l eve l ,   and  k =Tf/b. a / b  is a func t ion   of  F. For  F>1 , two u n s t a b l e  
modes appear .  The Pirst mode h a s  a narrow  region  of   s t rong  ascending 
motion  and a wide  region  of  weak descending  motion  (a/b<l),   and  the  second 
mode has  a narrow  region  of  strong  descending  motion  and a wide  region 
o f  weak ascending   mot ion   (a /b>l ) .  As F-tl, t h e   q d e s  become steady  and 
n e u t r a l  and are c h a r a c t e r i z e d  by (i) a/b=(S /Sd)5 (Sm: s ta t ic  s t a b i l i t y  
i n   t h e   m o i s t   r e g i o n )  , and ( i i )  a/b”. As F S ,  t h e  modes are steady  and 
neu t r a l   and  are c h a r a c t e r i z e d  by ( i )   a /b+O,   and   ( i i )   a /b+l .   In   compar ison  
wi th   t he   d ry   mode l ,   t he   s t ruc tu re  of t h e  first u n s t a b l e  mode shows t h a t  
t h e   r i d g e   a n d   t r o u g h   o f   t h e   s t r e a m l i n e s   s h i f t   s l i g h t l y   t o w a r d   t h e   r e g i o n  
of   s ink ing   mot ion ,   and   the  warm advec t ion   occurs  a t  the   node   of   the  
v e r t i c a l   m o t i o n ;   w h i l e   t h e   s t r u c t u r e  of t he   s econd   uns t ab le  mode shows 
that t h e   r i d g e   a n d   t r o u g h   o f   t h e   s t r e a m l i n e s   s h i f t   s l i g h t l y   t o w a r d   t h e  
r eg ion   o f   r i s ing   mo t ion ,   and   t he   co ld   advec t ion   occu r s  a t  t h e  node of t h e  
ve r t i ca l   mo t ion .  

’d 
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The energe t ics   formula  shows the   p resence   o f  a la ten t  h e a t  release 
term w h i c h   c o n t r i b u t e s   d i r e c t l y   t o   t h e   g e n e r a t i o n   o f   e d d y   a v a i l a b l e  
poten t ia l   energy .   Al though  th i s  term is small compared t o   t h e  vertical  
a n d   h o r i z o n t a l   h e a t   t r a n s p o r t s ,  latent hea t  release causes  a s i g n i f i c a n t  
change i n   t h e   s t r u c t u r e   o f   t h e  waves s u c h   t h a t   l a r g e   d e p a r t u r e   i n   t h e  
ho r i zon ta l   hea t   t r anspor t   f rom  d ry   a tmosphe r i c   va lues   can   occu r .  

The xul t i -component   solut ion i s  a l s o   d i s c u s s e d .  It i s  s t r e s s e d   t h a t  
t h e   f i r s t  harmonic  must  be  present  and  even  harmonics are allowed  pro- 
v ided   t he   ve r t i ca l   mo t ion  is upward i n   t h e  moist r e g i o n   o f   t h e   w i d t h  
a and downward i n   t h e   d r y   r e g i o n   o f   t h e   w i d t h   b .  The s o l u t i o n  is no t  
Fourier   decomposi t ion  in   the  normal   sense,   because  the  odd modes except 
f o r   t h e   f i r s t  harmonic are  not   a l lowed.  

Current Focus of  Research Work: 

The f o r m u l a t i o n   o f   t h e   r o l e   o f   l a t e n t   h e a t  release i n   b a r o c l i n i c  
waves with  B-effect  i s  be ing   deve loped .   The   pre l iminary   ca lcu la t ions  
show the   d i sappearance  of modes except   for   one  mode i n   t h e   u n s t a b l e   s p e c -  
trum f o r  a g iven   bas i c   shea r   o f   t he  mean Z O M ~  wind.  The  problem  of t h e  
c y c l i c   c o n d i t i o n   i n   t h e  wave s t r u c t u r e  is  unde r   i nves t iga t ion .  

P l ans   fo r  FY82: 

The continuous model of  Eady w i l l  be   i nves t iga t ed .  The ex tens ion  o f  
t h e  Eady model to   three- layer   Eady-type model w i l l  a l s o   b e   i n v e s t i g a t e d .  
The purpose is t o   s t u d y   t h e   m o i s t u r e   e f f e c t   i n   t h e   h i e r a r c h y   o f   c o n t i n u o u s  
mode l s ,   and   t hus   fu r the r   ou r   unde r s t and ing   o f   t he   s ens i t i v i ty   o f   mo i s tu re  
parameter   in   var ious  cont inuous  models  I 

Recommendations f o r  New Research: 

The model w i t h   t h e   i n c l u s i o n   o f   t h e  water vapor   cont inui ty   equat ion  
in   an   i n i t i a l ly   unsa tu ra t ed   a tmosphe re   shou ld   be   cons ide red   i n   t he  new 
research.   This  w i l l  enable  u s  t o   cons ide r   t he   cond i t iona l   convec t ive  
i n s t a b i l i t y .  The cloud  equat ion  should  a lso  be  considered.  

Pub l i ca t   i ons  : 

Tang, C-M., 1980:   The  inf luence  of   the time change  of s ta t ic  s t a b i l i t y  
and  wind shear   on   baroc l in ic   waves .   Pure  IS Appl.  Geophys. 118, 706-719. 

Tan, C-M., 1981:  Physical mechanism of   barocl inic   waves.  Review of  
Selected  Meteorological   Topics   in  memory of Dr. Grace Zon-hwa Feng Weigel. 
( in   Chinese)  

Saltzman, B . ,  and C-M. Tang,   1981:   Ef fec ts   o f   var ia t ion   o f   s ta t ic  
s t a b i l i t y   a n d   v e r t i c a l  wind shea r  on t h e   e v o l u t i o n  of a pr imary   baroc l in ic  
wave. Third  Conference on Atmospheric  and  Oceanic Waves and S t a b i l i t y  of 
t h e  American  Meteorological  Society,  San  Diego,  California,  January  19-23, 
1981. 
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Saltzman, B . ,  and C-M. Tang, 1982: A review  of  some a n a l y t i c a l   s t u d i e s  
o f   f i n i t e   a m p l i t u d e   b a r o c l i n i c   w a v e s ,   i n c l u d i n g  a new a l g o r i t h m   f o r   t h e  
s a t u r a t i o n   e f f e c t s   o f  s t a t i c  s t a b i l i t y   a n d   b a r o c l i n i c i t y   v a r i a t i o n s .  
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LATENT  HEAT AND CYCLONIC  SYSTEMS - A CASE  STUDY 

Investigator: John H. E. Clark 
513 Walker  Building 
Univeristy Park, PA 16802 

814-863-1581 

ACCOMPLISHMENTS  FY-81 

Our  main  objective  in  FY-81  has  been  the  determination  of  the  effect 
of  latent  heating  on  the  vertical  motion  field  and  energetics  of  the  storm 
of  March, 1978. We have  used  the  formulation of the  quasi-geostrophic  omega 
equation of Hoskins (1975)  in which the  forcing+function  is  expressed  in 
terms  of  the  horizontal  divergence  of a vector Q. The  advantage of  this 
technique  is  that we avoid  the  problem  with  compensation  between  the  vorticity 
and  thermal  advection  effects  in  the  conventional  formulation.  Our  method  of 
inclusion of  latent  hearing  involves a modification of  the static  stability 
or  equivalently  the  Brunt-Vaisalla  frequency, N, in  regions  where we antici- 
pate  that  rising  air  is  saturated. We have  picked a region to solve  the 
omega  equation  surrounding  the  storm  which  extends  from 25N to 50N and 6014 
to  llOW. Vertical  motion  due to  orography  and  frictional  boundary  conver- 
gence  are  allowed  for at  the  lower  boundary.  The  upper  boundary  condition  at 
300 mb imposes a solution  valid  for a source-free  omega  equation.  Lateral 
conditions  are  that  the  vertical  motion  field  is  gradient-free.  Initial 
calculations  were  performed  using  hand-analysed Q vector  fields  but  were  found 
to be inadequate  because  of  inconsistencies  introduced by  the  analysis.  We 
are  now  working  with  fields  objectively  analyzed by a program  originally 
developed  to  prepare  data  fields  for a meso-scale  forecast  model. An example 
of the  results  of  our  calculation  is  shown  in  Fig. (1) where the  difference 
between the vertical  motion  field  calculated  with  and  without  the  effect  of 
latent  heating  is  shown.  The  boundary of the  cloudy  area  where  latent  heat- 
ing was  allowed  for  is  the  heavy  line.  Clearly  the  heating  increases  upward 
motion  in  the  cloudy  area  and  there  is some com- 
pensating  subsidznce  outside the  region. From the 
vertical  motion  field we have  calculated  precipi- 
tation  fields  assuming  all  the  condensed  moisture 
falls  out  of  the  cloud  and  none  evaporates  before 
reaching  the  ground.  We  find  that  the  calculated 
precipitations  are  consistently  much  less  than  the 
observed.  We  have  concluded  that  in  spite of the 
fact  that we have  chosen  winter  storms  where  con- 
vective  motions  should  be  minimal  and  the  slow 
quasi-geostrophic  vertical  motion  field  should  be 
dominant,  meso-scale  motions  are  still  present 
and  play  an  important  role  in  producing  the 
observed  precipitation. 

We  have  used  the  quasi-geostrophic  vertical 
motions  to  assess  the  role  of  the  latent  heating 
for  this scale  on the energetics of  the  storm. 
We  have  calculated  the  complete  energy  budget 
with and without the effects  of the heating  Fig. 1 Vertical  velocity ( c r  c - j  
to assess  the  subtle  effects of the  heating. 



Fig. (2) presents  the  energy  cycle  for  March 25, 
OOOOZ. We  have  assumed  the  eddy  fields  are 
exactly  periodic in the  domain  of  interest  to 
simplify  the  calculations.  Otherwise we would 

 have had  to  use  the  formulation  of  the  ener- 
getics  of  Johnson (1970), but we feel  that 
correction  due  to  the  non-periodicity of the 
eddy  fields  is  probably  small  enough  to  ignore. 
The  latent  heating  has  only  minor  effects  on  the 
baroclinic  conversion  of  zonal  available  poten- 
tial  energy  into  eddy  kinetic  energy,  but  it  does 
have  an  important  effect  on  the  conversion  of 
zonal  kinetic  via  mean  meridional  overturnings. 
In fact.  for  one  time  we  found  that  the  sense 
on  this  conversion  was  reversed  by  the  latent 
heating  from  direct  to  indirect.  We  have 
carried  out  this  process  for  the  entire  life 
cycle  of  the  March  1978  storm. 

scc . 
A-b M l C t l 4 N  

Fig. 2. Energy  cycle, 
March 25, OOOOZ 

Once  we  realized  the  quasi-geostrophic  latent  heating  field  was  only  a 
small  part  of  the  total  for  this  winter  storm,  we  decided  to  account  for 
other  scales  of  motion 'in  computing  the  vertical  motions.  Our  first  step 
in  this  direction  was  to  work  with  the  semi-geostrophic  formulation  of  the 
equations  of  motion,  where  in  contrast  to  the  quasi-geostrophic  system, 
horizontal  advection  by  the  ageostrophic  as  well  as  geostrophic  wind  is 
accounted  for.  Hoskins  and  Draghici  (1977)  show  that  the  semi-geostrophic 
equations  can  be  reduced  to  an  omega  equation  of  the  same  form  as  the  quasi- 
geostrophic  form  in  a  transformed  set  of  geostrophic  coordinates.  Normally 
this  transformation  cannot  be  accomplished  if  the  flow  field  is  diabatic, 
but  we  have  shown  that  if  the  latent  heating  is  accomplished  by  modifying 
the  static  stability  the  transformation  can  still  be  carried  out.  We 
are  currently  calculating  the  semi-geostrophic  vertical  motion  fields  for 
the  March,  1978  storm  and  hope  to  have  results  shortly. 

A final  part  of  our  tasks  this  year  has  been 
to  formulate  a  numerical  model  to  study  the  effects 
of  latent  heating on evolving  baroclinic  waves. 
While  it  is  evident  that  modes  of  heating  other 
than  quasi-geostrophic  are  clearly  important  in 
the  synoptic  system  we  have  studied,  we  plan  to 
initially  model  quasi-geostrophic  evolution. 
After  making  some  preliminary  calculations of 
stationary  wave  structures  with  a  three-layer 
model  shown  in  Fig. ( 3 ) ,  where  the  intermediate 
layer  is  where  the  latent  heating  is  only  allowed 
to  occur,  it  has  become  evident  that  the  depth  of 
the  moist  layer  can  be  modified  by  the  action  of 
the  wave  and  it  is  crucial  to  allowed  this  to 
vary  during  the  wave  evolution.  Air  currents 
rising  from  the  ground  where  they  are  unsaturated 
will  become  saturated  as  they  rise  along  their 
slanted  paths  in  the  presence  of  propagating 
planetary  wave.  Thus,  the  depth  of  the 

/ / / / I / / / /  

Fig. 3 .  Three-layer  model 
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saturated  layer will vary  according  to how much  moisture  is  available  for 
the  rising  air. The low-level  field  of  moisture  is in turn  controlled 
by horizontal  advection and  by  the  field  of  precipitation.  We  are  formu- 
lating  a  quasi-geostrophic  model  which  explicitely  treats  the  moisture 
budget to determine  whether - cooperation  between  the  fields of latent 
heating  and  the  low-level  moisture  convergence  field  can  significantly 
alter  the  evolution a baroclinic  wave. 

PLANS FOR FY-82 

We  shall  complete the  diagnosis  of  the  effects  of  latent heating  on 
the  quasi  and  semi-geostrophic  vertical  motion  fields for a  number  of  winter 
storms. We plan to  develop  schemes  for  parameterizing  the  effects  of 
small  scale  convective  motions  on  the  latent  heating  field.  Apparently, 
one  important  means of initiating  instability  is  the  forced  ascent of warm 
air  above  warm  fronts  which  renders  the  lapse  rate  locally  conditionally 
unstable,  Browning (1975). 

Our  analytical  treatment of evolving  baroclinic  waves  will  be  continued 
and we plan  to  study  the  quasi-geostrophic  as well as  a  hydrostatic 
equations.  We  hope  with  the  latter  set  to  examine  the  implications  of 
various  schemes to parameterize  the  joint  effects  of  low-level  moisture 
convergence  and  latent  heating  on  the  evolving  wave  structure. 
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T i t l e :  Overview  of  the  Atmospheric  General  Circulation  Experiment (AGCE) 
Pro gram 

Research   Inves t iga tor   Involved:  William W. Fowlis 
NASA, ES82 
MSFC, AL 35812 
T e l  : 205/453-2047 

Significant  Accomplishments FY8l: 

I n   t h i s   o v e r v i e w   o n l y  a br ie f   and   non-de ta i led   descr ip t ion   of   the  
accompl ishments   and   p lans   for   each   research   ac t iv i ty  o f  t h e  AGCE 
Program is g i v e n ,   b u t   t h e   r e l a t i o n s h i p s  among t h e   a c t i v i t i e s ,  and   t he  
c o n t r i b u t i o n s   o f   t h e   a c t i v i t i e s   t o   t h e   t o t a l  AGCE Program, are  s t r e s s e d .  
The accomplishments  and  plans of  e a c h   s p e c i f i c   r e s e a r c h   t o p i c  are d i s -  
cussed more fu l ly   i n   t he   p re sen ta t ions   wh ich   fo l low.  The approach  taken 
f o r   t h e  AGCE Program  has  been  to  proceed  on a r e l a t i v e l y   b r o a d   s c i e n t i f i c  
f r o n t  so t h a t  as w e l l  as p roduc ing   eng inee r ing   spec i f i ca t ions   fo r   t he  
AGCE in s t rumen t ,  a body o f   r e l e v a n t   s c i e n t i f i c  knowledge w i l l  be  acquired 
f o r   i n t e r p r e t i n g   a n d   u n d e r s t a n d i n g   t h e  AGCE d a t a   a n d   f o r   r e l a t i n g   t h e  
d a t a   t o  real a t m s p h e r i c   f l o w s .  Such  knowledge w i l l  a l s o   b e   v a l u a b l e  
fo r   t he   fo rmula t ion   o f   we l l -posed   expe r imen t s   w i th   t he  AGCE instrument .  
The major  accomplishments  of FY81 are the   fo l lowing:  

1. A F e a s i b i l i t y   S t u d y   f o r   t h e  AGCE instrument was completed by t h e  
Space  Division  of  the  General  Electric Company a t  Valley  Forge,  Pennsylvania. 

2 .  Results were obtained  f rom a n u m e r i c a l ,   s p h b r i c a l ,   h y d r o s t a t i c  
model o f   t h e  AGCE and were used as i n p u t   f o r   t h e   F e a s i b i l i t y   S t u d y .  

3 .  R e s u l t s   f o r   t h e   t h e r m a l l y - d r i v e n ,   r o t a t i n g  , axisymmetric , 
cy l ind r i ca l   annu lus   f l ows  were obtained  from a numerical  model based  on  the 
Navier-Stokes  equations.   This model i s  r e f e r r e d   t o  as t h e  Warn-Varnas 
code  (Warn-Varnas e t  a l . ,  1978. J. Flu id  Mech., - 85,  609).  

4.  A numerical ,   spherical ,   axisymmetr ic   model  o f  t h e  AGCE based  on 
the  Navier-Stokes  equations  has  been  developed.  This model i s  r e f e r r e d  
t o  a s  the  Fbberts '   axisymmetr ic   code.  It has   been   des igned   to   be   very  
f l ex ib l e   and ,   i n   pa r :  d a r ,  i t  can   be   ea s i ly   conve r t ed   t o   cy l ind r i ca l  
geometry. 

5 .  The  Warn-Varnas code w a s  s u c c e s s f u l l y   v a l i d a t e d   u s i n g   a c c u r a t e  
labora tory   measurements   o f   s t ra t i f ied   sp in-up   in  a cy l inde r .   Th i s  work 
a l s o   c o n s t i t u t e s  a fundamen ta l   con t r ibu t ion   t o   ro t a t ing   f l u id   dynamics .  

6 .  S t u d i e s   o f   t h e   e f f e c t s   o f  a v e r t i c a l   v a r i a t i o n   i n   g r a v i t y  on 
b a r o c l i n i c   i n s t a b i l i t y   i n   s i m p l e  models were completed.  The r e s u l t s  
show that t h e   e f f e c t s   o f   t h e   r a d i a l   v a r i a t i o n  of t h e   d i e l e c t r i c  body 
f o r c e  are very small. 
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7. A n a l y t i c a l   s o l u t i o n s  were o b t a i n e d   f o r  a n o n l i n e a r ,   r o t a t i n g ,  
Hadley cell  and i t s  s t a b i l i t y .  The  model  used i n   t h i s  work i s  a c l o s e  
approximat   ion   to   the  AGCE c o n f i g u r a t i o n .  

8. The s t r ipp ing-down  of   the  NCAR Spec t r a l   Gene ra l   C i r cu la t ion  Model 
(GCM) was completed  and a regime  diagram  determined. 

Current  Focus  of  Research Work: 

The Roberts'   axisymmetric  code i s  be ing   used   to   genera te   ax isymmetr ic ,  
b a s i c  states f o r  a range  of   parameters  o f  t h e  AGCE. The s t a b i l i t y  o f  
t h e s e   b a s i c  states w i l l  then   be   de te rmined   us ing  a l i n e a r   s t a b i l i t y   v e r s i o n  
of  the  Roberts '   axisyrmnetric  code  which i s  being  developed. This work 
w i l l  assist i n   t h e   p r e p a r a t i o n   o f   e n g i n e e r i n g   s p e c i f i c a t i o n s   f o r   t h e  AGCE 
instrument .  

P l a n s   f o r  Fy82: 

1. C o m p l e t i o n   o f   t h e   R o b e r t s '   l i n e a r   s t a b i l i t y   c o d e   a n d   d e t e r m i n a t i o n  
of   reg ime  d iagrams  for   the  AGCE. 

2. V a l i d a t i o n   o f   t h e   R o b e r t s '   l i n e a r   s t a b i l i t y   c o d e   i n  i t s  c y l i n d r i c a l  
fo rm  aga ins t   t he   expe r imen ta l   r eg ime   d i ag rams   fo r   t he   cy l ind r i ca l   annu lus  
f lows.   These  regime  diagrams  have  not   yet   been  der ived  quant i ta t ively 
by theo ry .  

3 .  Construct ion of a s p h e r i c a l   s p i n - u p   a p p a r a t u s   f o r   v a l i d a t i o n  
of  Roberts '   axisymmetric  code  in  spherical   geometry.  This e f f o r t   s h o u l d  
a l s o  make f u n d a m e n t a l   c o n t r i b u t i o n s   t o   r o t a t i n g   f l u i d   d y n a m i c s .  

4 .  I n i t i a t e   t h e  development  of a spher ica l ,   th ree-d imens iona l  model 
o f   t h e  AGCE based  on  the  Navier-Stokes  equat ions.  

5 .  I n i t i a t e   a n a l y t i c a l   s t u d i e s   o f   n o n l i n e a r   i n t e r a c t i o n s   i n  s i m p l e  
baroc l in ic   models .  

6 .  Continue  s tudies   with  the  s t r ipped-down E M .  

7. Construct a labora tory   appara tus   which  w i l l  b e   t h e   c y l i n d r i c a l  
a n a l o g   o f   t h e  AGCE c o n f i g u r a t i o n .  

8. I n i t i a t e   l a b o r a t o r y   s t u d i e s   o f   t h e   d i e l e c t r i c   l i q u i d s   a n d  
photochromic  dyes recommended by t h e   F e a s i b i l i t y   S t u d y .  

Recommendations f o r  New Research: 

A g r e a t   d e a l   o f   f l e x i b i l i t y  is be ing   bu i l t   i n to   t he   compute r   codes  
now under  development.  This w i l l  mean tha t   t hese   codes   can   be   u sed   t o  
s tudy   labora tory   f lows  in cyl indr ica l   and   spher ica l   geometry  as w e l l  a s  
real geophysical   f luid  f lows.  It w i l l  b e   p o s s i b l e   t o  assess and  to  pro- 
c e e d   q u i c k l y   w i t h   c e r t a i n  new i d e a s   f o r   s t u d i e s   r e l a t i n g   t o   p l a n e t a r y  
atmospheric  and  oceanic  f lows. 
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L i s t  of Publ icat   ions   Prepared  Since  June  1980:  

1. Eigenvalues of a B a r o c l i n i c   S t a b i l i t y '  Problem  with Ekman Damping. 
B. N. Antar  and W. W. Fowlis.   Journal  of  the  Atmospheric  Sciences,  Vol. 
37, NO. 6 ,  pp  1399-1404,  1980. 

2. Review o f ,  Rotat ing  Fluids   in   Geophysics ,  Academic P res s ,  New York, 
1978. W. W. Fowlis. EOS, Transact ions of t h e  American  Geophysical  Union, 
Vol. 61, No. 39,  1980. 

3. S u l l i v a n ' s  Two-Celled Vortex. F. W. Leslie. American I n s t i t u t e  
of Aeronautics  and  Astronautics  Journal,   Vol.  18, No. 10, p 1272,  1980. 

4.  T h e o r e t i c a l  Regime  Diagrams for  Thermally  Driven Flows i n  a Beta-Plane 
Channel i n   t h e   P r e s e n c e  of Variable   Gravi ty .  J. E. Geisler and W. W.  Fowlis. 
NASA Technical Memorandum 78316, 18 pp,  1980. 

5 .  B a r o c l i n i c   I n s t a b i l i t y   o f  a F l u i d   i n  A Rotating  Channel.  B o  Antar 
and w. W. Fowl i s .   (Abs t r ac t )   Bu l l e t in   o f   t he  American  Physical  Society,  
Vol. 25,  No. 9 ,  p 1077,  1980. 

6 .   The   App l i cab i l i t y   o f   t he  Piecewise L inea r   Cur ren t   P ro f i l e   i n   t he  
B a r o c l i n i c   I n s t a b i l i t y  Problem. J. M. Hyun. Journa l   o f   the   Meteoro logica l  
Society  of  Japan,  Vol.   58,  No. 6 ,  1980. 

7 .   B a r o c l i n i c   I n s t a b i l i t y   w i t h   V a r i a b l e   S t a t i c   S t a b i l i t y  - A Design 
Study  for  a S p h e r i c a l   A t m s p h e r i c   b d e 1   k p e r i m e n t .  A. C. Giere and 
W.  W. Fowlis.  Geophysical  and  Astrophysical  Fluid  Dynamics,  Vol. 1 6 ,  pp 207- 
224,  1980. 

8 .   Separate   and Combined Ef fec t s   o f   S t a t i c   S t ab i l i t y   and   Shea r   Var i a t ion  
on t h e   B a r o c l i n i c   I n s t a b i l i t y   o f  a Two-Layer Current.  J. M. Hyun. Journal  
of  the  Atmospheric  Sciences,  Vol.  38, No. 2 ,  pp  321-333,  1981. 

9. B a r o c l i n i c   I n s t a b i l i t y   o f  a Rotating  Hadley Cell. B .  N. Antar  and 
W. W. Fowl is .   Accepted   for   publ ica t ion   in   the   Journa l   o f   the   Atmospher ic  
Sciences,  October  1981. 

10. Numerical  Solwtions  for  the Spin-Up of a S t r a t i f i e d   F l u i d .  
J. M. Hyun, W. W. Fowlis  and A. Warn-Vamas. Accepted   for   publ ica t ion  in  
t h e   J o u r n a l  of Fluid  Mechanics. 

11. A Genera l   So lu t ion   o f   t he  Eady-Type Equa t ion   o f   Ba roc l in i c   In s t ab i l i t y .  
A. C. Giere and W. W.  Fowlis .   Accepted  for   publ icat ion  in   Geophysical   and 
Astrophysical   Fluid Dynamics. 

12. Numer ica l   So lu t ions   fo r   t he  Spin-Up o f  a Homogeneous Fluid  from 
Rest. J. M. Hyun, F. W. Leslie, W.  W.  Fowlis  and A. Warn-Varnas. In  
p repa ra t ion .  
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CALCULATIONS OF AXISYMMETRIC FLOW 

AND ITS  STABILITY FOR THE AGCE MODEL 

Research  Investigators: 

Robert  Gall 
Dept. of Atmospheric  Physics 
and Program  in  Applied  Mathematics 
University of Arizona 
Tucson, AZ 85721 

Timothy  Miller 
Dept. of Atmospheric  Sciences 
and  Program  in  Applied  Mathematics 
University of Arizona 
Tucson, AZ  85721 

Accomplishments  of FY 81 

The  ultimate  purpose of this  research is to determine, by  the 
use of numerical  primitive  equation  models, where baroclinic  waves 
might  be  expected  in  the AGCE apparatus. This will  be  accomplished 
by  using  an axisymmetric  primitive  equation  model  to  compute,  for 
a  given  set  of  experimental  parameters, a steady  state  axisymmetric 
flow and  then  testing  this  axisymmetric flow for stability  using 
a  linear  primitive  equation  model. 

During this year we  have  completed  construction  and  testing 
of the  axisymmetric  model.  Calculations  using  this  model  have 
been  completed for various  rotation  rates  and  temperature  distri- 
butions  in  the  AGCE  apparatus.  These calculations have  been used 
to  aid  in  design  considerations  of  the  AGCE  equipment. 

The  model  used  to  compute  the  steady state axisymmetric  calcu- 
lations  does so by first  integrating  the  traditional  hydrostatic 
version of the  primitive  equations  until  a  steady  state  is  reached. 
Then  additional  terms  are  added  to  the  diagnostic  equation  for 
pressure  from  the  vertical  equation of motion (in  particular  the 
friction  and  advection  terms) and  the model is again  integrated  to 
steady  state  (this  second  steady  state  is  reached  rather  quickly). 
At  steady state, this  new  flow is equivalent to that  which  would be 
obtained by a full  nonhydrostatic  model yet the cost is considerably 
less  than  that  required  of  a  fully  nonhydrostatic  calculation. 
Furthermore  a  comparison of the  nonhydrostatic  and  hydrostatic 
steady  state  solutions  show  that  except  for  very small regions  near 
the  poles  and equator,  the  hydrostatic  and  nonhydrostatic  solutions 
are  virtually  identical.  The  primary difference is in the  width of 
the  narrow  vertical  jets  that  form  at  the  pole  and  equator.  These 
results  suggest  that  a  full  nonhydrostatic model for  computing  steady 
state  solutions is unnessary. 
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We  also  have  completed  a  linear  model  of  the  AGCE  experiment 
in  which  only a single  wave  in  the  zonal  direction is retained. 
Unfortunately,at  the  time  of  this  writing  this  model  has  not yet 
been  fully  validated,  and  even  preliminary  results  are  not yet 
available.  This  model  will  be  used to determine  the  stability  of 
the  axisymmetric  flows  calculated  by  the  axisymmetric  model. 

Our  current  efforts  are to complete  testing  the  linear  model 
and  then use  these  models  to obtain  at  least a crude  estimate of 
the  regime  diagram  for  AGCE. Our  plans  for FY-82 are,  therefore, 
to  complete  the  calculations necessary  to  produce  this  diagram. 

Recommendations  for  New  Research 

The  regime  diagram  that  will  be  produced  under  the  current 
research  has  a  pole-to-equator  temperature  difference  which is 
the  same on the  inner  sphere  as on the  outer.  Our  research  has 
shown  that  flows  more  like  the  earth's  atmosphere  occur  when  the 
outer  sphere  is  isothermal.  Because  the  temperature  gradients  on 
the  outer  sphere  are  zero  we  would  expect  that  the  wave  activity 
and  hence  flows  within  the  apparatus  would  be  quite  different  from 
the  flows  when  temperature  gradients  are  maintained on both  spheres. 
Comparing  the  flows  in  the  two  configurations  may  provide  further 
insight  into  the  dynamics of the  baroclinic  waves.  Therefore  we 
recommend  preliminary  theoretical  research  into  nature  of  the  flows, 
including  regime  diagrams,  in  this  alternate  configuration. 

In  addition  the  AGCE  apparatus  offers  a  possible  means  for 
conducting  simplified  experiments  to  isolate  and  understand  how 
certain  dynamic  processes  force  and  maintain  eddies  in  the  General 
Circulation.  Such  experiments  are  currently  possible  only  with 
general  circulation  models.  For  example,  experiments  to  study  the 
effects  of  mountains  and  land-sea  contrast on the  transient  ultra- 
long  waves  may  be  possible  in  an  experiment  similar  to  AGCE.  These 
might  be  patterned  after  general  circulation  model  experiments  which 
we  are  currently  constructing  for  other  contracts. 

List  of  Publications 

To date  no  publications  concerning  this  research  have  appeared 
in  the  literature.  However,  we  are  currently  preparing  a  paper 
describing  our  hydrostatic  and  nonhydrostatic  axisymmetric  calculations. 
We  hope  to  submit  this  paper  to  a  journal  in  the  next  couple  of  months. 
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T i t l e :  Cyl indrical   Numerical  Models :  Axisymmetric Basic S t a t e s  

Research   Inves t iga tors   Involved:  D r .  Fred W. Leslie 
NASA/George C. Marshall Space  Fl ight   Center  
Mail Code: ES82 
Marsha l l   Space   F l igh t  Center, AL 35812 
T e l :  205/453-2047 

D r .  Kenneth J. Kopecky 
Drake  University 
Des b i n e s ,  I A  50311 
T e l  : 515/271-2118 

Significant  Accomplishments FY81: 

We have i n   o u r   p o s s e s s i o n   a n   a x i s y m m e t r i c ,   c y l i n d r i c a l   c o d e  
developed  by  Alex Warn-Varnas  (Warn-Varnas e t  a l . ,  J.  F lu id  Mech., 
Vol.  85,  609,  1978). This code is based  on  the  Navier   Stokes  equat ions 
and is for   incompress ib le ,   Bouss inesq   f low.   The   equat ions   and   the  
i n i t i a l  a n d   b o u n d a r y   c o n d i t i o n s   a r e   f i n i t e   d i f f e r e n c e d   o n  a s t agge red  
mesh with  nonuniform  gr id   spacings.  The resul t ing  t ime-dependent  
d i f f e r e n c e   e q u a t i o n s  a re  solved by a time-marching  procedure.  The 
s t r e t c h i n g  i s  u s e d   f o r   b o u n d a r y   l a y e r   r e s o l u t i o n .  The p r e s s u r e  i s  found 
from a Poisson  equai ton  obtained  f rom a divergence  equat ion  and i s  
so lved   u s ing   an  AD1 i t e r a t i v e   a p p r o a c h .  

Using t h e  Warn-Varnas code, a number of   axisymmetr ic  states f o r   t h e  
the rma l ly -d r iven ,   ro t a t ing ,   cy l ind r i ca l   annu lus   f l ows  were computed  over 
a r ange   o f   pa rame te r s .   The   r e su l t s  were compared w i t h  earlier computat ions 
by G. P. Williams (J. A t m o s .  S c i . ,  Vol . 24,  144,  1967  and J. Atmos. Sc i . ,  
Vol.  24,  162,  1967).  Excellent  agreement w a s  ob ta ined .  The Warn-Varnas 
code w a s  a l s o  used   to   compute   ax isymmetr ic   f lows   for   the   cy l indr ica l  
a n a l o g   o f   t h e  AGCE c o n f i g u r a t i o n   f o r   i n p u t   t o   t h e   F e a s i b i l i t y   S t u d y .  

I t  w a s  o r i g i n a l l y   o u r   i n t e n t i o n   t o   u s e   t h e  Warn-Varnas  code t o  com- 
pute   regime  diagrams  to  assist i n   p r e p a r i n g   e n g i n e e r i n g   s p e c i f i c a t i o n s  
f o r   t h e  AGCE instrument .  The p l an  was t o   p r e p a r e  a l i n e a r   s t a b i l i t y  
vers ion   of   the   code   and   then   us ing   bo th   vers ions   to   compute   ax isymmetr ic  
b a s i c  s ta tes  and t h e i r   s t a b i l i t y   f o r   t h e   c y l i n d r i c a l   a n n u l u s   f l o w s .   T h i s  
work  would  have  enabled  us t o   v a l i d a t e   t h e   c o d e s   a g a i n s t   t h e   e x p e r i m e n t  
regime  diagrams  for   the  annulus   f lows  and  this   would  have  been a sc ien-  
t i f i c   c o n t r i b u t i o n   i n  i t s  own r i g h t .   F i n a l l y ,   t h e   c o d e s  were t o   b e  con- 
ver ted  to   spherical   geometry  and a reg ime  d iagram  for   the  AGCE prepared.  
However, fu r the r   examina t ion   r evea led   t ha t   t he  Warn-Varnas code was 
somewhat out-of-date   and  that   newer  techniques  would  a l low  for   fas ter  
and more f l e x i b l e   c o d e s .  We dec ided   t o   de t e rmine   t he   t heo re t i ca l   r eg ime  
d iag rams   fo r   t he  AGCE appa ra tus   u s ing   sphe r i ca l   codes   bu i l t   f rom  sc ra t ch  
and   i nco rpora t ing   t he  la tes t  ideas .  
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Current Focus o f  Research Work: 

The  Warn-Varnas code i s  no longer  being  used  for  the AGCE design 
studies  . 
Plans  for Fy82: 

The Warn-Varnas code w i l l  s t i l l  be used for spin-up and other 
fundamental rotat ing   f lu ids   s tudies .  
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T i t l e :   U t i l i z a t i o n   o f   S a t e l l i t e   C l o u d   I n f o r m a t i o n   t o   D i a g n o s e   t h e  
Energy  State  and  Transformat ions i n  Ex t ra t rop ica l   Cyc lones  

Research  Invest igators   Invo lved:  
P h i l  1 i p J.  Smith,  Department o f  Geosciences,  Purdue  University, 

George H. F i c h t l  , ES 83/MSFC, AL 35812,  205-453-0875 

West La faye t te ,  I N  47906, 317-494-3286. 

Accomplishments FY81 and  Current  Focus: 
S i n c e   t h i s   p r o j e c t   i s   o n l y   t h r e e  months  old,  accomplishments t o  

d a t e   a r e   l i m i t e d .  Work o v e r   t h i s   p e r i o d  has  concentrated  on  the 
se lec t i on   o f   ex t ra t rop i ca l   cyc lone   cases   t o   ana lyze   and   t he   reduc t i on  
of  conventional  data.  Foremost among t h e   c r i t e r i a   f o r   m a k i n g   t h e s e  
s e l e c t i o n s   a r e   t h a t  

( 1  ) the  cases  occur  over a r e g i o n  and  t ime  per iod   o f   abundant  

(2 )   the   cases   be   cyc lones   w i th   w idespread  and  s ign i f i can t  
convent ional   meteoro log ica l   data,   and 

p r e c i p i t a t i o n  and l a t e n t   h e a t   r e l e a s e .  

W i t h   t h e s e   c r i t e r i a   i n  mind, t h e   f i r s t  case  chosen was one  of 
dramat ic   cyc lone  development   over   the  cent ra l   Uni ted  States  dur ing 
t h e   p e r i o d  9-11  January  1975.  Standard 0000 and  1200 GMT rawinsonde 
d a t a ,   h o u r l y   p r e c i p i t a t i o n   d a t a ,  and Nat ional   Meteoro log ica l   Center  
sea leve l   p ressure ,   upper   a i r   i sobar ic ,   and  radar   ana lyses   have been 
assembled f o r   t h i s   c a s e .  All temperature,  height,  moisture,  and  wind 
data  have  been  checked  and  gridded t o  a 140 km g r i d .   I n   a d d i t i o n  a 
search i s   i n  p r o g r e s s   t o   i d e n t i f y   t h e   t y p e s   o f   s a t e l l i t e   d a t a   a v a i l a b l e .  

F i n a l l y ,   t o   f u r t h e r   t e s t   t h e   q u a l i t y  o f  t he   da ta   se t ,   h ighe r   o rde r  
q u a n t i t i e s   c o n t a i n e d   i n   t h e k i n e t i c  and ava i lab le   po ten t ia l   energy   budgets  
a re   be ing  computed. 

P l a n s   f o r  FY 82: 

Work will cont inue on s e l e c t i o n   o f   a p p r o w i a t e   c a s e   s t u d i e s  and 
prepar ing   da ta   se ts .  These s e t s  will be  used t o   i n i t i a t e   c a l c u l a t i o n s  
o f  complete  energy  budgets. 

Lead ing   these  ca lcu la t ions  will be t h e   d e t e r m i n a t i o n   o f  
d i a b a t i c   h e a t i n g   f i e l d s  and t h e   a d i a b a t i c  and d i a b a t i c  components o f  
t h e   v e r t i c a l   m o t i o n .  These i n   t u r n  will be used t o   c a l c u l a t e   t h e  
genera t i on   and   re lease   o f   ava i l ab le   po ten t i a l   ene rgy  and v e r t i c a l   f l u x  
d i v e r g e n c e s   o f   a v a i l a b l e   p o t e n t i a l  and k i n e t i c   e n e r g y   i n   o r d e r   t o  
e v a l u a t e   t h e   i m p a c t   o f   d i a b a t i c   h e a t i n g  on e x t r a t r o p i c a l   c y c l o n e  
e v o l u t i o n .   I n   a l l   o f   t h i s   t h e   e f f e c t i v e n e s s   o f   s a t e l l i t e   d a t a   i n  
improv ing   the   heat ing   es t imates  will be  examined. 
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T h i s   s e c t i o n   o f   t h e  AGCE program b e g a n   i n  March, 
1981. Two c o m p u t e r  codes a re  i n v o l v e d .   T h e   f i r s t   c a l c u -  
l a t e s  a x i s y m m e t r i c   s t e a d y  f low s o l u t i o n s .   T h e   s e c o n d  w i l l  
d e t e r m i n e   t h e   g r o w t h  'or d e c a y  ra tes  of  l i n e a r   w a v e   p e r t u r b a -  
t i o n s   w i t h   d i f f e r e n t   w a v e   n u m b e r s .   G r o w i n g   s o l u t i o n s  
i n d i c a t e   i n s t a b i l i t y .   T h e   r e s u l t s  w i l l  be  i m p o r t a n t   f o r  
AGCE d e s i g n ,   s i n c e  t h e  a p p a r a t u s   s h o u l d  a l low e x p e r i m e n t s  
well w i t h i n  t h e  u n s t a b l e   ( w a v e )  regime. 

T h e   f i g u r e   o n  t h e  n e x t   p a g e  is a n   e x p e r i m e n t a l  
regime d i a g r a m  f o r  a p a r t i c u l a r   c y l i n d r i c a l   a n n u l u s  
g e o m e t r y ,  a s  t h e  r o t a t i o n  r a t e  a n d   t e m p e r a t u r e   d i f f e r e n c e  
a re  v a r i e d .   O u r   o b j e c t i v e  i s  t o  o b t a i n  s imi la r  t heo re t i ca l  
d i ag rams  f o r  t h e   b o u n d a r y   b e t w e e n  t h e  s y m m e t r i c   a n d   w a v e  
regimes, w i t h  v a r i o u s  proposed AGCE c o n f i g u r a t i o n s .   T h e  
codes c a n  be  v a l i d a t e d  b y  a p p l i c a t i o n  t o  t h e   c y l i n d r i c a l  
g e o m e t r y   a n d   c o m p a r i s o n  w i t h  t h e  e x p e r i m e n t s .  

R e s u l t s  a re  r e q u i r e d   f o r  a v e r y  w i d e  r a n g e   o f  AGCE 
d e s i g n   p a r a m e t e r s   a n d   o p e r a t i n g   c o n d i t i o n s .   T h u s   e f f i c i e n t  
n u m e r i c a l   a l g o r i t h m s  a r e  r e q u i r e d  t o  k e e p  t h e  c o m p u t i n g  
r e q u i r e m e n t s   w i t h i n   r e a s o n a b l e   b o u n d s .  We u s e   n o n u n i f o r m  
meshes a n d  i m p l i c i t  i t e r a t i v e  m e t h o d s .   T h e s e   m e t h o d s  a r e  
related t o  time s t e p p i n g ,   b u t  w i t h  t h e  time s t e p  d i f f e r e n t  
f o r   e a c h   v a r i a b l e   a n d  mesh  p o i n t .  

T h e   d o m a i n  f o r  t h e  c o d e s  i s  s h o w n  b e l o w .  W i t h  
app ropr i a t e  choices  of t h e   b o u n d a r y   p a r a m e t e r s ,  w e  c a n  mode l  
a s p h e r i c a l  s h e l l ,  a h e m i s p h e r i c a l   s h e l l ,  a c y l i n d r i c a l  
a n n u l u s ,  o r  o t h e r  g e o m e t r i e s .   T h e  codes  a l s o  a l low f o r  a n y  
c o m b i n a t i o n  of d i e l e c t r i c ,  t e r r e s t r i a l  ( a x i a l )   a n d   c e n t r i f -  
u g a l   g r a v i t y .   T h e r e  is f u r t h e r   f l e x i b i l i t y   i n  t h e  b o u n d a r y  
c o n d i t i o n s   o n   t h e   f l o w   ( n o - s l i p  o r  f r e e - s l i p )   a n d  tempera- 
t u r e  . . ( i m p o s e d   v a l u e  o r  i n s u l a t e d ) .   T h i s   f l e x i b i l i t y  is a n  
i m p o r t a n t   f e a t u r e  f o r  d e s i g n   a n d   v a l i d a t i o n   p u r p o s e s   a n d  f o r  
f u t u r e   a p p l i c a t i o n s .  
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a = 3 . 5  cm, b = 6 cm, d = 10 cm 

Experimental  Regime Diagram f o r   F r e e - S u r f a c e  Annulus 
Convection,   using  water.  
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S p h e r i c a l  l a y e r  

Hemisphere Cap  

C y l i n d r i c a l  A n n u l u s  

The Computational  Domain  and  Special Cases 
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C u r r e n t   F o c u s  

The s t e a d y  s t a t e  code i s  now almost f u l l y   o p e r -  
a t i o n a l .  A s t e a d y  s t a t e  temperature s o l u t i o n  is d i s p l a y e d  
below, for a hemispherical cap w i t h  r a d i i  3 cm and 4 cm. 
T h e   p o l a r   t e m p e r a t u r e s  are 15OC and 25OC a t  t h e  bottom and  
t o p ;   t h e   c o r r e s p o n d i n g   e q u a t o r i a l  temperatures are 25OC and 
35OC. The flow h a s  produced an a s c e n d i n g  thermal p lume a t  
t h e   e q u a t o r   a n d  a d e s c e n d i n g   p l u m e  a t  t h e  p o l e .  T h e  
g r a p h i c s   a n d   n u m e r i c a l  m e t h o d s  are b e i n g  improved. 



FY-82 P l a n s  

T h e   n u m e r i c a l   a l g o r i t h m s  f o r  t h e   l i n e a r   s t a b i l i t y  
c o d e  w i l l  be f i n a l i z e d .   T h e   p l a n n e d  i t e ra t ive  m e t h o d  is 
r e l a t e d  t o  time s t e p p i n g   t h e   l i n e a r i z e d   e q u a t i o n s ,   w i t h   a n  
u n k n o w n   g r o w t h  o r  d e c a y  ra te  w h i c h  is c o r r e c t e d   e a c h  i tera- 
t i o n .   T h e  time s t e p  is d i f f e r e n t  f o r  e a c h  v a r i a b l e  a n d  
p o s i t i o n .  We expect  t h e  code  t o  become o p e r a t i o n a l   b y   t h e  
m i d d l e  of t h e   y e a r .  

T h e  two c o d e s  w i l l  be c o m b i n e d ,  t o  o p e r a t e  t o -  
g e t h e r   i n   a n   e f f i c i e n t   w a y ,   a n d   g e n e r a t e  regime d i a g r a m s .  
T h e y  w i l l  be v a l i d a t e d   o n   t h e   a n n u l a r   g e o m e t r y ,   a n d   t h e n  
a p p l i e d  t o  a ser ies  of p r o j e c t e d  AGCE d e s i g n s   a n d  parameter 
r a n g e s .  

R e c o m m e n d - a t i o n s  ~~ f o r  N e w  "- R e s e a r c h  - 

I f  t h e  v a l i d a t i o n s  a r e  s u c c e s s f u l ,   t h e s e   c o d e s  
w i l l  c o n s t i t u t e   a n   i m p o r t a n t  N A S A  t o o l  f o r  s t u d i e s  i n  
c o n v e c t i v e   m o t i o n s   a n d   b a r o c l i n i c   s t a b i l i t y .   T h e y   c a n  
p o t e n t i a l l y  b e  u s e d   n o t   o n l y   i n   s u p p o r t  of  AGCE d e s i g n ,   b u t  
a l s o  t o  v a l i d a t e   a n a l y t i c   t h e o r i e s   a n d  t o  i n t e r p r e t   e x p e r i -  
m e n t a l   a n d   o b s e r v a t i o n a l   m e a s u r e m e n t . s  r e la ted  t o  a t m o s p h e r e  
a n d   o c e a n   f l o w s .  

- I _ ~ -  

P u b l i c a t i o n s  

Rober t s ,  G .  O . ,  1981: A x i s y m m e t r i c  AGCE F l o w s   a n d  
t h e i r  s t a b i l i t y .   P r o c e e d i n g s   o f  t h e  A p r i l  AGCE C o n f e r e n c e ,  
i n   B o u l d e r ,  CO. 
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FY 82 P l a n s  

T h e   p l a n n e d   c o m p u t e r  code  w i l l  c a l c u l a t e  s t e a d y  
a n d   t i m e - d e p e n d e n t  AGCE f l o w s ,  u s i n g  t h e  f u l l   n o n l i n e a r  
t h r e e - d i m e n s i o n a l   e q u a t i o n s .  Proposed e x p e r i m e n t a l   s e t t i n g s  
w i l l  b e  c h e c k e d  f i r s t ,  u s i n g  mode l  r u n s .   T h e n   a c t u a l  
e x p e r i m e n t a l   r e s u l t s   ( l a b o r a t o r y   a n d  S p a c e l a b )  w i l l  b e  
compared w i t h  m o d e l  p r e d i c t i o n s .   T h i s   i n t e r a c t i o n   b e t w e e n  
e x p e r i m e n t   a n d  model w i l l  be v e r y   v a l u a b l e   i n   d e t e r m i n i n g  
t h e  n a t u r e  o f  t h e  AGCE f l o w s  a n d  t h e i r  r e l a t i o n s h i p  t o  
a n a l y t i c a l  t h e o r i e s  a n d  t o  a c t u a l  a t m o s p h e r e  d y n a m i c s .  

T h e   p l a n n e d   p r o g r a m  w i l l  s t a r t  i n   N o v e m b e r ,  1981. 
D u r i n g  t h e  f i r s t  y e a r  t h e  n u m e r i c a l   p r o c e d u r e s  will b e  
d e t e r m i n e d ,   a n d  code i m p l e m e n t a t i o n  w i l l  b e g i n .  We p l a n  t o  
complete a n d  test  t h e  code  i n  t h e  s e c o n d   y e a r .   V a l i d a t i o n s  
w i l l  b e  p e r f o r m e d   i n  t h e  t h i r d  y e a r ,   a n d   p r o p o s e d  AGCE 
e x p e r i m e n t s  w i l l  be m o d e l e d .  

R e c o m m e n d a t i o n s  f o r  N e w  Research 

B e y o n d  t h e  s c o p e  o f  t h e  p r o p o s e d  t h r e e - y e a r  
p r o g r a m ,  we r e c o m m e n d   n u m e r i c a l   s t . u d i e s  o f  t h e  l i n e a r  
s t a b i l i t y  of  s t e a d y  t h r e e - d i m e n s i o n a l   b a r o c l i n i c  f lows.  T h e  
a n n u l u s   e x p e r i m e n t s   s u g g e s t  t h a t .  a small c h a n g e   i n   r o t a t i o n  
r a t e  o r   t e m p e r a t u r e   d i f f e r e n c e   c a n  d e s t a b i l i z e  a s t e a d y  
n o n l i n e a r   t h r e e - d i m e n s i o n a l   w a v e ,  w i t h  p e r h a p s   f o u r   w a v e s ,  
a n d   p r o d u c e  e i t h e r  a s t e a d y   s o l u t i o n  w i t h  a d i f f e r e n t  
number  of w a v e s  o r  a n   a m p l i t u d e  o r  w a v e   n u m b e r   v a c i l l a t i o n .  
Global  a tmosphere d y n a m i c s   c a n  show similar p h e n o m e n a ,   a n d  
t h e y  may a l s o  o c c u r   i n  t h e  AGCE tests. A l i n e a r   s t a b i l i t y  
m o d e l  c o u l d  a i d  i n   u n d e r s t a n d i n g  these  e f f e c t s .  
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Significant  Accomplishments FY81: 

A large  computer   code  (Ref .  1) has  been  obtained  and amended i n   o r d e r  
to   s tudy   fundamenta l   p roblems  in   ro ta t ing   f lu id   dynamics .   This   code   uses  
t h e   p r i m i t i v e  EJavier-Stokes  equations  in  axisymmetric  form  and  employs 
f i n i t e - d i f f e r e n c e   t e c h n i q u e s   o n   v a r i a b l e   g r i d s .  The numer i ca l   r e su l t s   have  
been   ver i f ied   for   sp in-up   of  a homogeneous f l u i d   i n  a c losed   cy l inder   (Ref .  
1). Effor t s   have   been  made to   r e so lve   t he   sp in -up   f l ow  o f  a s t r a t i f i e d  
f l u i d   i n  a c y l i n d e r .  The numer i ca l   so lu t ions  were checked   aga ins t   t he  
a c c u r a t e   d i s t u r b a n c e - f r e e  laser Doppler  measurements,  and good agreement 
w a s  ob ta ined .  It h a s   b e e n   e s t a b l i s h e d   t h a t   v i s c o u s   d i f f u s i o n   i n   t h e  
i n t e r i o r ,   a r i s i n g   f r o m   t h e  enhanced   f low  grad ien ts   in   s t ra t i f ied   sp in-up ,  
i s  the   cause   o f   t he   d i sc repancy   be tween   t heo ry   and   expe r imen t s .  

Current  Focus  of  Research Work: 

An i n v e s t i g a t i o n  i s  being  conducted  on  the  s t rongly  nonl inear   problem 
of  spin-up  from rest o f  a homgeneous   f l u id   i n  a c y l i n d e r   u s i n g   t h e   a f o r e s a i d  
numerical   code. The n u m e r i c a l   r e s u l t s  were compared a g a i n s t   t h e  laser Doppler 
measurements,   and  close  agreement was found.   The   cor rec t   loca t ion   and   the  
v i s c o u s   s t r u c t u r e   o f   t h e  moving s h e a r   f r o n t  are examined w i t h   t h e   a i d   o f  
the   accura te   comprehens ive   f lowf ie ld   da ta .  The basic   assumptions  adopted 
i n   t h e   c l a s s i c a l  Wedemeyer model (Ref.  2) a re  r e e v a l u a t e d   i n   l i g h t   o f   t h e  
p re sen t   numer i ca l   r e su l t s .  The l i m i t a t i o n s   o f   t h e  c lass ica l  Wedemeyer model 
and i t s  ex tens ions  a re  c l a r i f i e d ,   p o i n t i n g   t o   t h e   d i f f i c u l t y   i n   f o r m u l a t i n g  
t h e   e x a c t   n o n l i n e a r  Ekman compa t ib i l i t y   cond i t ions   i n   f i n i t e   geomet ry .  
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P l ans   fo r  FY82/Recommendat i o n s   f o r  New Research: 

P lans  are  underway t o  examine numer ica l ly   the   sp in-up   f lows   in  a 
c y l i n d e r  when the   t op   and   bo t tom  d i sc s  are g i v e n   d i f f e r e n t   f i n a l   r o t a t i o n  
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rates. Of p a r t i c u l a r  interest w i l l  be the   spa t ia l   and   tempora l   dependence  
o f   t h e  Ekman pumping c o n d i t i o n s .  When t h e   f l u i d  i s  s t r a t i f i e d ,   t h i s  problem 
w i l l  i l l u m i n a t e   t h e   t r a n s i e n t   b e h a v i o r   a p p r o a c h i n g   t h e   s t e a d y  state which 
is used as t h e   b a s i c  state f l o w   i n   b a r o c l i n i c   i n s t a b i l i t y   s t u d i e s .   I n  con- 
j u n c t i o n   w i t h   t h e   p l a n n e d   n u m e r i c a l   i n v e s t i g a t i o n ,   l a b o r a t o r y   a p p a r a t u s  w i l l  
be  designed  which w i l l  p r o v i d e   a c c u r a t e   e x p e r i m e n t a l   v e r i f i c a t i o n s   f o r   t h e  
n u m e r i c a l   r e s u l t s  . 
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544-4 59. 

J. M. Hyun, 1981:   Separate  & combined e f f e c t s   o f  s t a t i c  s t a b i l i t y  & 
s h e a r   v a r i a t i o n   o n   t h e   b a r o c l i n i c   i n s t a b i l i t y   o f  a two- layer   cur ren t .  
J. Atms. Sci . ,   38,  322-333. 
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fo r   t he   sp in -up   o f  a s t r a t i f i e d   f l u i d .  Accepted   for   publ ica t ion  i n  
J . Flu  id  Mech . 
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Siqnificant Accomplishments FY-81 : A study of the baroclinic  instabil i ty 
of a rotating Had1 ey ce l l  was completed and a paper reporting  the major 
resul ts  of this study  will  appear i n  JAS i n  October 1981. In this study 
we investigated the influence  of a prescribed  horizontal,  as well as 
vertical , temperature  gradients on the  baroclinic  instabil i ty of a 
rotating f l u i d  layer. Although the model  was for  a simple f l a t   l aye r  
of f l u i d ,   i t  incorporated  several  features of the  spherical AGCE model. 
Information i s  b e i n g  gained on the  design c r i t e r i a  of AGCE u s i n g  this 
simple model. 

The above mentioned model was extended to  investigate  the symmetric 
baroclinic  instabil i ty  of a rotating Hadley cell .   Results  are being 
gathered  using th i s  model  and a paper sumnerizing  these  results i s  being 
prepared for  publication. The most at t ract ive  par t  of the model is i t s  
simplicity  while  incorporating  essential  physical  features  of a real i s t i c  
system. T h i s  i s  proving to  be of  great  value i n  fur ther  understanding 
the  symnetric  baroclinic  instability mechanism  and i t s  consequences. A 
laboratory experiment based on th i s  model i s  being prepared a t  NASA/MSFC 
to   t e s t  and verify some o f  the  resul ts  of the analytical model. 

A numerical  code was developed to  solve  for  the  symnetric flow f i e ld  
in a r o t a t i n g  spherical  annulus  to model the symmetric basic  state of 
AGCE. The numerical technique used i s  a mixed spectral   f ini te   a i f ference 
method. A specific  spectral expansion was developed and incorporated i n  
the code. The coding i s  not  yet  finished and work i s  continuing on i t .  

Current Focus of Research Work:  Work i s  underway to  exterld and use the 
simple  basic s ta te   analyt ical   prof i le  which  was developed for  the  rotating 
Hadley cell  to  study  the  nonlinear  baroclinic  instability mechanism. 
Although there is a great deal  of work on nonlinear  baroclinic  instability, 
i t  i s  f e l t   t h a t  the present  effort  will augment  and f i l l  some important 
gaps i n  the  present  understanding of this f i e l d .   I t  i s  also hoped tha t  
the results of this study will help i n  better  understanding  of  the  nature 
and  mechanism of f i n i t e  amplitude waves that  will exist i n  the AGCE. 
This study i s  both analytical and numerical. 

Work i s  underway to extend the rotating Hadley ce l l  model  and numerical 
code t o  he lp  i n  the under-standing  of specific  circulation models i n  shallow 
seas . 
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Plans  for FY-82: To finish the numerical  code fo r  the symmetric 
basic   s ta te  o f  the spherical  annulus. To continue the nonlinear 
s t ab i l i t y   ana lys i s   fo r  the rotat ing Hadley c e l l .  To perform the 
experiments on the symmetric barocl inic   instabi l i ty .  

List of  Publications  Prepared: 

1 .  Antar, 8.  N. and W .   W .  FoiVlis: Eigenvalues  of a Baroclinic 
S tab i l   i ty  Problem w i t h  Ekman Damping. J .  Atmos. Sci . , 37,  1980, 
pp 1 399-1 404 

- 

2 .  Antar, B.  N .  and W .  W .  Fowlis:  Baroclinic  Instability of  a 
F l u i d - i n  a Rotating  Channel, B u l l .  Am. Phys. SOC. ,  ai 1980, 
1077. 

3 .  Antar, B .  N. and W .  W.  Fowlis: Baroclinic  Instabil i ty o f  a 
Rotating Hadley Cell, J .  Atmos. Sci, 38, 1981, x x x - x x x .  

4. Antar, B. N. and W .  W .  Fowlis: Baroclinic  Instabil i ty  of a 
Rotating Hadley Cell : Symmetric Ins tab i l i ty .  In preparation. 
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T i t l e :  

F low Regime S t u d i e s   w i t h  a S i m p l i f i e d   G e n e r a l   C i r c u l a t i o n  Model 

Research   Inves t iga tors :  

J.E. G e i s l e r  
E. J. P i t c h e r  
D i v i s i o n   o f   M e t e o r o l o g y  and Physical  Oceanography 
School o f   M a r i n e  and Atmospheric  Sciences 
U n i v e r s i t y   o f  Miami 
4600 Rickenbacker Causeway 
Miami, FL 33149 

Signi f icant   Accompl ishments FY-81: 

I n   t h e  Atmospher ic   Genera l   C i rcu lat ion  Exper iment  (AGCE) apparatus 
a f l u i d   i s   c o n f i n e d  between co - ro ta t i ng   spheres   i n   t he   p resence   o f  a 
s i m u l a t e d   r a d i a l   g r a v i t y  and a mer id iona l   t empera tu re   g rad ien t  on t h e  
i nne r   sphere .   Th i s   s i t ua t i on  i s  much c l o s e r   t o   t h e   a t m o s p h e r e   t h a n   i s  
t h e   t r a d i t i o n a l   l a b o r a t o r y  analogue,  which  consists of an annulus o f  
f l u i d   c o n f i n e d  b e t w e e n   c o - r o t a t i n g   c y l i n d e r s   o r i e n t e d   p a r a l l e l   t o  
t e r r e s t r i a l   g r a v i t y .  We have  modi f ied an atmospher ic   genera l   c i rcu la-  
t i o n  model t o   t h e   p o i n t  where it looks as c l o s e  as p o s s i b l e   t o   t h e  AGCE 
apparatus (no c louds,  no r a d i a t i v e   t r a n s f e r ,  smooth lower  boundary, 
e t c . )  We a r e   p r e s e n t l y   o p e r a t i n g   t h i s  model i n   t h e   l a b o r a t o r y   e x p e r i -  
ment mode, t r e a t i n g   t h e   m e r i d i o n a l   t e m p e r a t u r e   g r a d i e n t  and t h e   r o t a t i o n  
r a t e  as parameters  a t   our   d isposal .  Our o b j e c t i v e   i s   t o   a c q u i r e   t h e  
bas i c   know ledge   necessa ry   f o r   app l i ca t i on   o f   t he  AGCE d a t a   t o   t h e   u n d e r -  
s tand ing   o f   la rge-sca le   a tmospher ic   dynamics .  

In t h e   t r a d i t i o n a l   ( t h a t   i s ,   a n n u l a r   g e o m e t r y )   l a b o r a t o r y   e x p e r i -  
ments   the   hor izon ta l   tempera ture   g rad ien t  and t h e   r o t a t i o n   r a t e  appear 
in   d imension less  parameters  ca l led  the  thermal   Rossby number and t h e  
Tay lo r  number, and the   obse rva t i on  as t o  whether  or   not  waves are  ' 

p r e s e n t   i s   n o t e d   i n  a d iagram  (ca l led   the   reg ime  d iagram)   w i th   these  two 
dimensionless  parameters  used as o r d i n a t e  and absc i ssa ,   respec t i ve l y .  
The c u r v e   i n   t h i s   d i a g r a m   s e p a r a t i n g   t h e   r e g i o n  where waves occur  f rom 
t h e   r e g i o n  where waves do not  occur i s   r e f e r r e d   t o  as t h e   s t a b i l i t y  
b o u n d a r y .   L i n e a r   b a r o c l i n i c   i n s t a b i l i t y   m o d e l s   w i t h  Ekman damping 
present  have  been  successful i n   r e p r o d u c i n g   t h e  shape and ( t o  some 
e x t e n t )   t h e   l o c a t i o n   o f   t h e   s t a b i l i t y   b o u n d a r y   f o u n d   i n   t h e   a n n u l u s  
exper iments.  

Our  main  research  accomplishment t h i s   y e a r  has  been t o   f i n d  and map 
o u t   t h e   f e a t u r e s   o f  a s t a b i l i t y  b o u n d a r y   t h a t   e x i s t s   i n   o u r   m o d i f i e d  
g e n e r a l   c i r c u l a t i o n  model. To our  knowledge t h i s   i s   t h e   f i r s t   t i m e   t h a t  
t h i s   m a j o r   f e a t u r e   o f  a regime  diagram  has  been  derived  from  numerical 
exper iments  us ing a f u l l y   n o n l i n e a r   p r i m i t i v e   e q u a t i o n s  model  on a 
sphere.  This s t a b i l i t y  boundary  appears t o  have t h e  same c h a r a c t e r i s t i c  
shape as tha t   o f   t he   annu lus   exper imen ts ,  and i t s   l o c a t i o n   i n   t h e   r e g i m e  
diagram i s  r o u g h l y   i n  accordance  w i th   p red ic t ions   f rom a l i n e a r   b a r o -  
c l i n i c   i n s t a b i l i t y  model  on a be ta   p lane.  

41 



The square  root  of  Taylor  number,  used  as the abscissa  in the 
regime  diagram,  contains  among  other  things  the  inverse  first  power of 
the viscosity  coefficient.'  Consequently,  the  location of the  stability 
boundary in the  regime  diagram is sensitive  to  the  amount  of  viscosity 
present.  Our  model contains  a  horizontal  eddy  viscosity and a vertical 
eddy  viscosity.  We  are  presently  nearing  the  end  of a  series of experi- 
ments  designed  to  assess  the  relative  effects  of  these  two  types  of 
damping  on the  location of the  model  stability  boundary.  Our  tentative 
conclusion  is  that  the  vertical  eddy  viscosity  is  dominant.  Ye  have 
recently  become  aware  that  the  vertical  eddy  viscosity  as it exists in 
the model really has  two  parts: the stress at the  lowest  model  grid 
point  is  specified  by a quadratic  surface  drag  law  with  fixed  drag coef- 
ficient  and the  stress at  all  other  model  levels  goes  like the  product 
of a diffusion  coefficient K and  the  vertical  shear  of  the  horizontal 
flow.  Many  of  our  results  to  date,  including  our  assessment  of  the 
location  of the  stability  boundary in the  regime  diagram,  have  been 
obtained  from  runs in which  we  varied K but  failed  to  vary the  surface 
drag  coefficient.  We  have  eliminated  this  problem by specifying  that 
the stress  go  like K times  shear  everywhere  and  imposing a no-slip  cond- 
ition  at  the  lower  boundary.  We  are  presently  running many  of  our  cases 
over  again  with  this  new  boundary  layer  formulation,  anticipating  that 
this  new  modification  will  change  the  location  of  the  stability  boundary 
but  will  not significantly alter  its  shape. 

Plans for FY-82: 

Once we  have  the  firmly  established  the  shape  and  location of the 
stability  boundary  and  understand .in terms  of  model  dynamics  why it  is 
where it is,  we  will  go  on  to  explore specific  features and character- 
istics  of  wave  fields  present.  First on our  list  will  be a search  for 
the  region in the  regime  diagram  where  wave  vacillation  occurs,  then  we 
will  try  to  map  out  the  subregions  where  the  period  of  the  vacillation 
is  long  and  where it is  short.  We  will  analyze individual cases of 
vacillation and examine  the  energy cycle, comparing  our  results  with 
what  is  known  from  the  vacillation  studied in the  annulus  experiments. 
We  will  also  seek  to  find  subregions in the  regime  diagram  where  the 
wave  field  is  dominated  by a single  wave  and  at the  other  extreme,  where 
so many  waves  are  present  that  the  flow  field  is  irregular. As a 
further  extension  of  our  work  which  will  make  full  use  of all the data 
generated  from  our  many  model  runs,  we  propose to regard  our  model  as a 
climate  system  whose  external  parameters  are an imposed  meridional 
temperature  gradient  and  rotation  rate and will  seek  to define  the 
climate by  systematically  assembling  mean  quantities  and  fluctuation 
statistics  from  these  data. 

Publications  since  June 1980: 

None. 
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T i t l e :  The AGCE Ins t rumen t   Feas ib i l i t y   S tudy  

Research   Inves t iga tor   Involved:  William W. Fowlis 
NASA, ES82 
MSFC, AL 35812 
T e l  : 2051453-2047 

Signif icant   Accomplishments  FY81: 

P r e l i m i n a r y   s c i e n t i f i c   d e s i g n   c a l c u l a t i o n s   h a d   d e t e r m i n e d  that t h e  
AGCE a p p a r a t u s   h a s   t o   b e   d i f f e r e n t   f r o m  the GFFC i n   t h r e e   m a j o r   r e s p e c t s :  

1. A l a r g e ,   s t a b l e ,   r a d i a l   t e m p e r a t u r e   g r a d i e n t   w i t h   a s s o c i a t e d  
inwards   hea t   f low  has   to   be   main ta ined .  

2 .  The   d iameters   o f   - the   spheres   have   to   be   increased .  

3 .  A l a r g e r   v a l u e   o f   t h e   l i q u i d   d i e l e c t r i c   c o n s t a n t   a n d / o r  a h ighe r  
v o l t a g e  a r e  r equ i r ed .  

I t  was a l s o  clear t h a t  it w a s  n o t   p r a c t i c a l   t o   s c a l e - u p   t h e   o p t i c a l  
sys t em  o f   t he  GFFC t o  accommodate t h e   l a r g e r   s p h e r e s   r e q u i r e d   f o r   t h e  AGCE; 
new c o n c e p t s   f o r   t h e  f l o w  and  temperature  measurement were needed.  These 
r e q u i r e m e n t s   l e d   t o  a Feas ib i l i t y   S tudy   wh ich  w a s  awarded   to   the   Space  
Div i s ion   o f   t he   Gene ra l   E lec t r i c  Company, Valley  Forge,   Pennsylvania,  
January 81. The t a s k  l i s t  w a s  as fo l lows:  

1. Dielectric l i q u i d s   s u r v e y  

2 .  High  vol tage  and  high  f requency  sources  

3.  Dust  removal 

4 .  Observat ion of the   f l ow  and   da t a   s to rage  

5.  Op t i ca l   f i e ld   o f   v i ew 

6 .  Thermal c o n t r o l  

7 .  C o n t r o l   o f   t h e   t o t a l   a p p a r a t u s  

8 .  Material f o r  the  o u t e r   s p h e r e  

9.  C o n f i g u r a t i o n   o f   t h e   t o t a l   a p p a r a t u s  

10 .  Des ign   and   f ab r i ca t ion   cos t s  

The 'Feas ib i l i t y   S tudy  was comple ted   dur ing   Ju ly  81 and much w a s  
accomplished. The fo l lowing  is a summary o f   t h e   r e s u l t s .  
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1. A new concept  for  the  f low  and  temperature  measurement  using  an 
o p t i c a l   s c a n n e r  w a s  worked ou t .   Th i s   dev ice  w i l l  b e   a b l e   t o  make measure- 
men t s   t o .   t he   spec i f i ed   accu racy   and  will n o t   r e q u i r e   t h e   l a r g e   l e n s e s   o f  
t h e  GFFC. 

2 .  Seve ra l   h igh   d i e l ec t r i c   cons t an t   l i qu ids   w i th   compa t ib l e   pho to -  
chromic  dyes were recommended. T h e s e   l i q u i d s   s a t i s f y   t h e  many o t h e r  
c o n s t r a i n t s  of t h e  AGCE a p p a r a t u s ,   b u t   t h e i r   r e l a t i v e l y   h i g h   v a l u e s   o f  
e l e c t r i c a l   c o n d u c t i v i t y  may st i l l  present   problems.  

3 .  A vo l t age   sou rce   o f   up   t o  15,000 v o l t s  r m s  which meets o u r  
s p e c i f i c a t i o n s  i s  f e a s i b l e .  

4 .  The o p t i c a l  and t h e r m 1   s p e c i f i c a t i o n s   f o r   t h e   o u t e r   s p h e r e  mean 
t h a t   s a p p h i r e  is t h e   o n l y   s u i t a b l e  material. A l a r g e  enough  boule  can 
be grown t o  meet o u r   s i z e   r e q u i r e m e n t k b u t   t h e   h e m i s p h e r e  will have   t o  
b e   c u t  from t h e   b o u l e   s u c h   t h a t   t h e   o p t i c   a x i s  will r o t a t e   i n   t h e   e q u a t o r i a l  
p l ane .   Th i s   i n   t u rn  means t h a t   b i r e f r i n g e n c e   e f f e c t s  w i l l  b e   p r e s e n t   i n  
t he   s canne r   bu t   on ly  a small degradat ion  of   the  measurement   accuracy w i l l  
r e s u l t  . 

5. The r ema in ing   t a sks ,   dus t   r emova l ,   t he rma l   con t ro l ,   t o t a l   appa ra tus  
con t ro l   and   appa ra tus   con f igu ra t ion   can  a l l  be  accomplished  with  s tandard 
technology. It was recommended that a l l  d a t a   b e   t e l i m e t e r e d   d i r e c t l y  
t o   g r o u n d ;   t h i s  w i l l  a l l o w   f o r  real  time examination by t h e   s c i e n t i f i c  
i n v e s t i g a t i o n   a n d   h e n c e   f o r  more f l e x i b i l i t y   w i t h   t h e  AGCE experiments.  

Current  Focus  of  Research Work: 

We are  c o n t i n u i n g   t o  assess t h e   F e a s i b i l i t y   S t u d y .  

P l a n s   f o r  N82 : 

In g e n e r a l ,   i n   l i q u i d s ,  a h i g h   d i e l e c t r i c   c o n s t a n t  is a s s o c i a t e d  
w i t h  a h i g h   e l e c t r i c a l   c o n d u c t i v i t y .   P u r i f i c a t i o n   c a n   r e d u c e   t h e  
conduc t iv i ty .   Pu r i f i ca t ion   p rocedures  recommended i n   t h e   F e a s i b i l i t y  
Study w i l l  be  examined. The photochromic  dyes recommended w i l l  a l s o   b e  
examined. 
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T i t l e :  GFPC Instrument  Development  and  Spacelab 3 Mission Act ivi t ies  

Research I n v e s t i g a t o r s :  D r .  John Hart Dr. J u r i  Toomre 
Uziversity  of  Colorado 
Boulder,  CO 80303 

D r .  George H. F i c h t l  
Dr. W i l l i a m  Fowlis 
NASUFkrshall   Space  Flight  Center 
Mail Code: ES82 
Marshal l   Space  Fl ight  Center; AL 35812 

D r .  Pe t e r  Gilman 
High Al t i tude   Observa tory  
Nat ional   Center   for   Atmospheric   Research 
Boulder, CO 80303 

S i g n i f i c a n t  Accomplishments FY81: 

Instrument  Hardware: The Ey81 work e f f o r t  w a s  devo ted   t o   f i na l  
fabr ica t ion   and   tes t ing   and   checkout .  A t  t he   beg inn ing   o f   t he   r epor t ing  
per iod ,   engineer ing   des ign   changes   and   repa i rs  were be ing  made t o   c o r r e c t  
s t r u c t u r a l   f a i l u r e s  that occurred   dur ing   v ibra t ion  tests o f  t h e  GFFC 
pe r fo rmed   p r io r   t o   t he   beg inn ing 'o f   t he   r epor t ing   pe r iod   ( Ju ly  1980).  
The f a i l u r e s   c o n s i s t e d  of 1 )  a weld f a i l u r e   w h i c h  bonded t h e  LED da ta  
d i s p l a y   h o u s i n g   t o   t h e  GFFC o p t i c a l   s y s t e m ,  2 )  f a i l u r e   o f   t h e   o i l   b e l l o w s  
support   rack,   and 3) f a i l u r e  of GFFC o i l   b e l l o w s .  The f i x e s   f o r   t h e s e  
f a i lu re s ,   wh ich   r e su l t ed   f rom a review h e l d   a t  MSFC, cons i s t ed  o f  1 )  
improving  the  weld  of   the LED h o u s i n g   t o   t h e  GFFC op t i ca l   sys t em,  and 
a d d i n g   s t r u c t u r a l  members between  the LED housing  and  the  instrument  
proper   to   p rovide  more r i g i d i t y ,  2 )  a d d i n g   s t r u c t u r a l   s t r e n g t h   t o   t h e  
o i l   be l lows   hous ing   and  3 )  r e p a i r  o f  t he   f a i l ed   o i l   be l lows   and   pe r fo rmance  
of  l e a k  tests on t he   be l lows  that d i d  n o t   f a i l   t o   a s s u r e  a set of   four  
f u n c t i o n i n g   o i l   b e l l o w s .  EMI t e s t i n g   a n d   f i n a l   s h a k e   t e s t s  are  now under- 
way. 

In  February  1981, D r .  John Hart and D r .  J u r i  Toomre, v i s i t e d   t h e  
A e r o j e t   f a c i l i t y  a t  Azusa, Ca l i fo rn ia   t o   r ev iew  p rogres s  on the   i n s t rumen t ,  
o b t a i n  test da ta   f i lm,   and   inspec t   the  GFFC instrument .  It  w a s  concluded 
that a number of  minor  changes were needed.   These  included  e lectronic  
f i l t e r s   t o   s t a b i l i z e   t h e  LED d isp lay   readouts   o f  GFFC sphere  temperature ,  
l i g h t   f i l t e r s   t o   b a l a n c e   t h e   n o r t h - s o u t h   a n d  east-west shadowgraph f i l m  
g rayness   fo r   r ecove r ing   t empera tu re   f i e ld   da t a ,   mod i f i ca t ion   o f   t he  LED 
d i s p l a y   r e a d o u t   t o   i n d i c a t e   p i c t u r e   t y p e  (N-S, E-W, of  photochromic  dot 
p ic ture) ,   rep lacement   o f  a Zener  diode so a s  t o  r e d u c e   v o l t a g e   l e v e l  
a s s o c i a t e d   w i t h   u l t r a v i o l e t   f l a s h   t o   e x c i t e   p h o t o c h r o m i c   d y e s   a n d   h e n c e  
r e d u c e   t h e   i n t e n s i t y  of t h e   u l t r a v i o l e t   l i g h t   t o   p r e c l u d e   o v e r   e x p o s u r e  
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of t h e  photochromic   subs tance   in   the   working   f lu id .  A s  a r e s u l t  of 
discussions  between  the  instrument  scientist, lead   engineer ,   and  
A e r o j e t ,   t h e   c o r r e c t i o n s   r e q u i r e d  by t h e  GFFC Science Team were incorpo- 
rated by t h e  Aerojet wi thou t   i ncu r r ing   add i t iona l   cos t s .  

As a r e s u l t   o f  EM1 tests performed p r i o r   t o   F e b r u a r y  1981, six 
t empera ture   sensors   loca ted   be low  the   sur face   o f   the  inner s p h e r e   f a i l e d .  
However, because  of   redundancy  ( two  sensors  a t  e a c h   l a t i t u d e )   t h e  GFFC 
s t i l l  has   t empera ture  meas,urement capab i l i t y   and   hence   con t ro l  a t  each 
o f   t h e   i n n e r   s p h e r e   l a t i t u d e s  a t  wh ich   t he  GFFC h e a t e r s  are loca ted .  
However, i t  was noted  by Aero je t   t ha t   t he   t empera tu re   s enso r so in  
q u e s t i o n   f a i l e d  a t  a temperature  a few  degrees  higher  than  45 C. As 
a result Aeroj et has   cons t ra ined   ins t rument   opera t   ion   to   t empera tures  
of 4 5 O C  and  below.  The  design  requirements ca l l  f o r  a GFgC which  can 
provide   inner   sphere   opera t ing   tempera tures  as  h i g h  as 55 C agd  automatic 
shut-down c a p a b i l i t y  when inner   sphere  temperatures   exceed 60 C. The 
f i x  that has  been  agreed upon  by theScienceTeam,  Spacelab  Payloads 
Project   Off ice ,   and NASA Headquar te rs   cons is t s   o f  1) t e s t i n g   t h e  
ins t rument   for   per iod   of  30 hours   and  accept ing i t  i f  no f u r t h e r  tempera- 
tu re   s enso r   f a i lu re s   occu r   and  2)  including  software  and  hardware  to 
sense a fa i led   sensor   on-orb i t   and   shut -of f   the   hea te r  a t  t h e   l a t i t u d e  
where t h e   f a i l u r e   o c c u r s  so tha t   exper iments   can  still  be  performed  in  
t h e   u n l i k e l y   e v e n t   o f   a d d i t i o n a l   f a i l u r e s   o n - o r b i t ,   o t h e r w i s e  a runaway 
hea t ing   cond i t ion  w i l l  occur  a t  t h e   f a i l e d   l a t i t u d e .  

Data Mrtagement Plan:  A da t a  management plan  has   been  prepared  and 
has   been   ma i l ed   ou t   fo r  review by the   Sc ience  Team and   appropr i a t e  NASA 
management:. "ha d a t a  management p lan   encompasses   the   to ta l  GFFC p r o j e c t  
including  software  development,  computer  purchases,  ground-based tests, 
da ta   f l ow,   pos t f l i gh t   da t a   ana lys i s ,   documen ta t ion ,   and   a r ch iv ing   o f   t he  
GFFC f l igh t   f i lm   a long   w i th   expe r imen t   desc r ip t ions   and   i n fo rma t ion  
concern ing   the  thermodynamic  and  dynamic s ta te  o f   t he   Space lab /Orb i t e r  
d u r i n g   t h e  GFFC experiments  on  the  Spacelab 3 Mission. 

P repa ra t ions   fo r   Br ing ing  GFFC t o  MSFC: P repa ra t ions  f o r  b r ing ing  
t h e  GFFC instrument   to  MSFC have   been   underway  s ince   the   f i r s t   o f   th i s  
ca lendar   year .  D r .  Fred  Lesl ie /ES82  has   been  ass igned  the  task  of  
lnaking these   p repa ra t ions .  H e  w i l l  be   the   p r ime  opera tor   o f   the  GFFC 
a t  BFC. H e  has   rece ived   the   necessary  MSFC t r a i n i n g   f o r   h a n d l i n g  
f l i gh t   ha rdware .  A l ist of  equipment to  support  ground  based tests has 
been   prepared   wi th   the   l ead   engineer .   This  list inc ludes  a power supply,  
a n  a i r  f low  source,  a i r  duct ing,   semiconductor   chips ,   ins t rument   pro-  
gramming equipment, etc. In   add i t ion ,  a c l ean  room has been i d e n t i f i e d  
i n   B u i l d i n g  4487 (Room B173) for  performance  of  ground  based tests and 
s to rage   o f   t he   i n s t rumen t .  

Spacelab 3 Miss ion   In te r faces :  Work progressed  smoothly  during  the 
r e p o r t i n g   p e r i o d   r e l a t i v e   t o   a s s u r i n g  that GFFC/SL3 i n t e r f a c e s  were 
s a t i s f i e d .  A key  milestone was t h e   b a s e l i n i n g   o f   t h e  GFFC Ekperiment 
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Requirements Document (ERD). As a r e s u l t   t h e  SL3 Mission  has  accepted 
our  requirement  of 84 hours  of o n - o r t i t  GFFC opera t ion  tfme. The 
cur ren t  SL3 t imel ine  acconmPdates th i s   requi rement .  

Current Focus of  Research Work: 

The cu r ren t  work a c t i v i t y  is aimed a t  implementing t h e  hardware/ 
software  changes  and  performing  the  necessary tests t o   r e s o l v e   t h e  
technica l   i s sues   cen ter ing   on   the   fa i led   t empera ture   sensors   and  
complet ing  the EMI and  shake tests. 

Plans  for  FY82 : 

During FY82 w e  p l an   t o  1) complete  the work a s soc ia t ed   w i th   t e s t ing  
the  inner  sphere  temperature  sensors  and  completion  of  the  software/ 
hardware to  acconnnodat e temperature   sensor   fa i lures   on-orbi t  , 2)  p a r t i c i p a t e  
i n   t h e  SL3 Integrated  Design  Evaluation (IDE) and satisfy SL3/GFFC 
milestones,  and 3) complete  the  necessary  preparations to b r l n g   t h e  
GFFC instrument  to MSFC and 4) hi t  i a t e  GFFC tests a t  MSFC to  support  
Science Team a c t i v i t i e s .  
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T i t l e :  S tud ie s   o f   So la r   and   P l ane ta ry   Convec t ion   fo r  GFFC 

Inves t iga tors   Involved:   John  E .  Har t  
Department  of  Astrogeophysics 
Universi ty   of   Colorado 
Boulder,  CO 80309 
Tel:  303/492-8568 

J u r i  Toomre 
Department  of  Astrogeophysics 
Universi ty   of   Colorado 
Boulder,  CO 80309 
Tel:  303/492-8768 

P e t e r  Gilman 
Nat ional   Center   for   Atmospheric   Research 
Boulder,  CO 80301 
Tel:  303/494-5151 

Signif icant   Accomplishments  FY80: 

1. S e v e r a l   f u l l y   n o n - l i n e a r ,   t h r e e - d i m e n s i o n a l ,   u n s t e a d y  
numer ica l   s imula t ions   o f   f lows   expec ted   in   the   Geophys ica l  
F lu id  Flow Cell   were  completed.  Common t o   a l l   t h e s e   i n t e g r a t i o n  
a re   hemispher ic i ty   (wi th  a h o r i z o n t a l   i n s u l a t i n g   b a r r i e r   a t   t h e  
e q u a t o r ) ,  l / r 5  g r a v i t a t i o n a l   a c c e l e r a t i o n ,   r o t a t i o n ,   a n d  
s p h e r i c a l l y   s y m m e t r i c   h e a t i n g   ( h o t   i n n e r   s p h e r e ,   c o o l   o u t e r  
s p h e r e ) .  The gene ra l   conc lus ion   f rom  these   s tud ie s   a r e :  

f rom  those  with l / r  s o r   c o n s t a n t   a c c e l e r a t i o n .  
a )  Flows f r l / r5  g r a v i t y   a r e   a l m o s t   i n d i s t i n g u i s h a b l e  

b)   For   moderate   to   high  Taylor  number  (30,000 t o  
3 0 0 , 0 0 0 )  and  moderately  supercr i t ical   Rayleigh  number,   the  
d i f f e r e n t i a l   r o t a t i o n  i s  o n l y   s i g n i f i c a n t   a t   h i g h   l a t i t u d e s .  
There,  i t  i s  a r e s u l t  o f  C o r i o l i s  t u r n i n g  on  East-West   or iented 
ce l l s .   R ig id   wa l l s   l ower   eddy   ve loc i t i e s   and   r educe   any  
R e y n o l d s '   s t r e s s   d r i v e n   e q u a t o r i a l   a c c e l e r a t i o n .  

c )  The dominant   eddy   type   for   the   cases   descr ibed   in  
b )   a r e   N o r t h - S o u t h   r o l l s   i n   e q u a t o r i a l   r e g i o n   ( c e l l   s c a l e  
approx ima te ly   equa l   t o   f l u id   l aye r   dep th ) ,   and   quas i -Eas t -Wes t  
r o l l s  a t   h i g h   l a t i t u d e s .  

2 .  A two-dimensional  numerical   simulation  of  compressible 
thermal   convect ion  of  a non- ro ta t ing   gas  was completed. The 
gene ra l   a spec t s   o f   convec t ion   a r e   on ly   s l i gh t ly   mod i f i ed   f rom 
the  Boussinesq  ( incompressible)   case  providedthe  a tmosphere i s  
l e s s   t h a n   a b o u t   f i v e   s c a l e   h e i g h t s   d e e p .  (The r igo rous  
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Boussinesq limit i m p l i e s   d e p t h s   s u b s t a n t i a l l y  less  than  a 
s c a l e   h e i g h t . )   T h e s e   r e s u l t s   g i v e  us conf idence   i n   ex t end ing  
GFFC r e s u l t s   t o   f u n d a m e n t a l   p r o c e s s e s   i n   p l a n e t a r y   a t m o s p h e r e s .  

3 .  GFFC, t h e o r e t i c a l ,   a n d   o t h e r   l a b o r a t o r y   m o d e l s   o f  
convect ion a l l  sugges t   t ha t   t he   dominan t   ho r i zon ta l   convec t ion  
sca le  i s  on t h e  same o r d e r  as t h e   f l u i d   d e p t h .  However, 
s a t e l l i t e  p i c tu re s   o f   meso- sca l e   convec t ion   ove r   t he   ocean  
i n d i c a t e   h o r i z o n t a l  scales of  motiofl  many, many t imes   g rea t e r  
t h a n   t h e  ve r t i ca l  s c a l e .  An e f f o r t  was made t o   u n d e r s t a n d  
t h i s   i m p o r t a n t   d i f f e r e n c e .  A l i n e a r   s t a b i l i t y   c a l c u l a t i o n  
f o r   c o n v e c t i o n   t h a t   i n c l u d e s   b o t h   l a t e n t   h e a t   r e l e a s e ,   a n d  
e n t r a i n m e n t   o f   s t a b l e   a i r  f rom a l o f t  by microsca le   tu rbulence  
was comple ted .   This   ca lcu la t ion  showed t h a t   t h e   d i f f e r e n t i a l  
en t ra inment   o f  a growing c e l l   a c t s  l i k e  a n   i n s u l a t i n g   w a l l  
( a c t u a l l y  a ' super '   insu la t ing   one)   and   cause   the   maximal ly  
g rowing   l i nea r   d i s tu rbance   t o   have  a very  large  wavelength/  
d e p t h   r a t   i o .  

4 .  Software t o  o b t a i n   d i g i t i z e d   d a t a   f r o m   t h e  GFFC f i l m  
was w r i t t e n .  So f a r   p r o g r a m s   t o   r e - r e g i s t e r   t h e   i m a g e ,   d e c o d e  
d iode   ma t r ix   da t a ,   and   d ig i t i ze   t he   Sch l i e ren   images   a r e  
o p e r a t i o n a l .  

P l a n s   f o r  FY82:  

The  main focus   o f   research  w i l l  be  concerned  with  ground- 
b a s e d   t e s t i n g   o f   t h e  GFFC instrument.   Experiments w i l l  be 
c a r r i e d   o u t   a t   A e r o j e t ,   a n d   l a t e r   a t   M a r s h a l l ,   t h a t   i n c l u d e  
r u x s   i n   t h e   i n v e r t e d / s t a b l e  mode w i t h   t h e   h o t   i n n e r   s p h e r e  
above   the   cool   ou ter   sphere  i n  t h e   E a r t h ' s   g r a v i t a t i o n a l   f i e l d .  
In   t h i s   con f igu ra t ion   t he   mo t ions   a r e   expec ted  t o  be  slow  and 
ax isymmetr ic   for  a wide  range of  ex te rna l   pa rame te r s .  Thus 
comparisons  can  be made w i t h   e x i s t i n g   t h e o r e t i c a l   m o d e l s  f o r  
convec t ive   f l ow  in   enc losed   cav i t i e s ,   mode l s   t ha t   have   a l r eady  
b e e n   v e r i f i e d  by comparisons w i t h  experiment.  T h i s  e x e r c i s e  
w i l l  a l l ow  us   t o   exe rc i se   t he   da t a   r educ t ion /ana lys i s   sys t em 
and t o   c a l i b r a t e   t h e   o p t i c a l   S c h l i e r e n   s y s t e m  on t h e  GFFC. 

We s h a l l   a t t e m p t   t o  do some low reso lu t ion   3-d   numer ica l  
models  of GFFC convec t ion   a t   modera te   to   h igh   Taylor   numbers  
and  high  Rayleigh  number ( R a - 6 0 0 , 0 0 0 ) .  I t  i s  hoped t h a t   t h i s  
p a r a m e t e r   s e t t i n g  w i l l  l e a d   t o  a l a r g e r  amount of  Reynold's 
s t r e s s   d r i v e n   e q u a t o r i a l   a c c e l e r a t i o n   t h a n   p r e v i o u s   c a s e s  
t h a t   h a d   o n l y   m o d e s t   s u p e r c r i t i c a l l i t y .  

49 



. .- .. .. ". . .. 

The model of compressible  convection  shall  be  extended 
to   three  dimensions,   to   see '   i f   compressibi l i ty  can inf luence 
the  plan-form  selection mechanisms. 

Other  calculations w i l l  be   carr ied  out  as the  need  ar ises .  
For  example, we a n t i c i p a t e   t h a t   i f   t h e   o r b i t   a x i s   o f  SL3 
i s  sh i f ted   o f f   the   cur ren t  5' out  o f  plane band in   response 
to t h e  needs of ATMOS, we w i l l  have to   re -assess   the   poss ib le  
occurrence and amplitude  of  precessionallp  driven  motions  in 
GFFC . 
Publicat ions:  

Hathaway, D . ,  P .  A .  Clilman, J .  A .  Toomre. Convective 
i n s t a b i l i t y  when the  temperature and ro ta t ion   vec tor   a re  
obl ique  to   gravi ty ,   Par t  11. Real Fluids  with  Effects of 
Diffusion.  hysical  and Astrophysics  Fluid Dynamics. 
Vol. 15 ,  pag 
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