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This figure shows typical ultrasonic echo signals f o r  dry "rime" ice growth. 
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T h i s  f i g u r e  shows t y p i c a l  u l t r a s o n i c  echo s i g n a l s  f o r  w e t  "g laze"  ice growth. 
me presence  of s u r f a c e  water is  i d e n t i f i e d  by m u l t i p l e  echoes i n  the water l a y e r  
which have a d i s t i n c t i v e  frequency behavior  r e s u l t i n g  from changes i n  the  water l a y e r  
t h i ckness  due to s u r f a c e  waves and d r o p l e t  impact. 
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I 
The l o c a t i o n  of t h e  tes t  c y l i n d e r  i n  t h e  tests conducted i n  t h e  I c i n g  Research 

Tunnel ( I R T )  is i n d i c a t e d  he re .  
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This  f i g u r e  p r e s e n t s  ice t h i c k n e s s  versus  t i m e  f o r  l i g h t  i c i n g  c o n d i t i o n s  
measured by u l t r a s o n i c  t r a n s d u c e r s  on t h e  s t a g n a t i o n  l i n e  of a 4-in.-diameter 
c y l i n d e r  i n  the IRT.  
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This  f i g u r e  p r e s e n t s  ice th i ckness  versus t i m e  f o r  heavy i c i n g  c o n d i t i o n s  
measured by u l t r a s o n i c  t r a n s d u c e r s  on t h e  s t a g n a t i o n  l i n e  of a 4-in.-diameter 
c y l i n d e r  i n  t h e  IRT.  
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I A comparison of ice accretion rates for var ious  t u n n e l  c o n d i t i o n s  is given i n  
t h i s  f i g u r e .  
d e c r e a s i n g  temperature u n t i l  d r y  ice growth is  achieved. 

The a c c r e t i o n  ra te  on the  s t a g n a t i o n  l i n e  i s  seen  t o  i n c r e a s e  wi th  
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This  f i g u r e  shows t h e  exper imenta l  conf igu ra t ion  f o r  f l i g h t  tests of t h e  
u l t r a s o n i c  measurement system mounted on  a t e s t  c y l i n d e r  which extended through t h e  
roof of t h e  NASA Twin Otter I c i n g  Research Ai rc ra f t .  
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This f i g u r e  p r e s e n t s  a t y p i c a l  p lo t  of ice t h i c k n e s s  versus  time f o r  n a t u r a l  
( f l i g h t  t es t )  i c i n g  c o n d i t i o n s .  
shown are plots from similar  i c i n g  c o n d i t i o n s  i n  t h e  IRT.  

The data shown are from r e s e a r c h  f l i g h t  85-24. A l s o  
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I c i n g  rates versus  exposure times (as measured by t h e  MIT u t r a s o n i c ,  Rosemount 
and PI- d e t e c t o r s  on t h e  a i r c r a f t  f o r  f l i g h t  85-24) a r e  shown. Also shown is  t h e  
cloud l i q u i d  water con ten t  as measured by t h e  Johnson-Williams probe. For t h e  
r e l a t i v e l y  co ld  cond i t ions  encountered on t h i s  f l i g h t  t h e  i c i n g  rate is expected t o  
be d i r e c t l y  p r o p o r t i o n a l  t o  the l i q u i d  water conten t .  
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This f igu re  schemat i ca l ly  p r e s e n t s  t h e  components of t h e  s imple h e a t  ba lance  
model used t o  p r e d i c t  wet/dry ice growth. 
t h re sho ld  f o r  wet/dry growth with observed w e t  and dry  growths measured by t h e  
u l t r a s o n i c  technique, it is  p o s s i b l e  t o  i n f e r  d a t a  on t h e  h e a t  t r a n s f e r  behavior  of  
t h e  ice sur face .  
i n  c u r r e n t  i c e  a c c r e t i o n  modeling and s c a l i n g  e f f o r t s .  

By p a r a m e t r i c a l l y  comparing t h e  p r e d i c t e d  

This heat transfer behavior  is  seen a s  a major a r e a  of u n c e r t a i n t y  
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Wet/dry threshold predictions for  several heat transfer c o e f f i c i e n t s  along with 
measured wet/dry from a series of tests i n  the IRT a t  102.8 m/sec are given i n  t h i s  
f igure .  The bes t  agreement t o  the data i s  a high heat transfer c o e f f i c i e n t  
character is t ic  of a high ( 3 . 5 % )  free-stream turbulence l e v e l  and a rough surface.  
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This figure presents wet/dry threshold data €or several  addit ional  tunnel 
v e l o c i t i e s .  The 3.5-percent turbulence model i s  cons is tent  with the observed data.  
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This f i g u r e  shows t h e  l i q u i d  water content  versus  exposure t i m e  f o r  r e s e a r c h  
f l i g h t  85-24. 
impor tan t  to  note  t h a t  i n  f l i g h t  i c i n g  condi t ions  t h e  environmental  c o n d i t i o n s  are 
o f t e n  unsteady. The f l u c t u a t i o n s  i n  l i q u i d  water c o n t e n t  cause a f l u c t u a t i n g  h e a t  
load  which causes  t h e  ice growth t o  vary from w e t  t o  d ry  i n  the same f l i g h t .  

Also shown are pe r iods  of wet, d r y  and t r a n s i t i o n a l  ice growth. It i s  
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This  f i g u r e  p r e s e n t s  wet/dry t h r e s h o l d  data fo r  t h e  1985 f l i g h t  tes t  series. 
The h e a t  t r a n s f e r  g e n e r a l l y  appears  to  be lower i n  f l i g h t  than  i n  the I R T  and i s  
c o n s i s t e n t  with a lower va lue  of ambient tu rbulence .  There is, however, some day t o  
day v a r i a t i o n  i n  the heat t r a n s f e r  which i s  thought  t o  be due t o  v a r i a t i o n s  i n  
t u r b u l e n c e  due t o  d i f f e r e n t  meteorological c o n d i t i o n s .  Both t h e  t r a n s i e n t  n a t u r e  of 
the heat load and t h e  e f f e c t  of var ia t ions i n  t h e  h e a t  t r a n s f e r  due t o  t u r b u l e n c e  
l e v e l  are important  t o  c o n s i d e r  when e x t r a p o l a t i n g  wind t u n n e l  r e s u l t s  t o  t h e  f l i g h t  
c o n d i t i o n .  
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The t e s t i n g  phi losophy behind t h e  upcoming f l i g h t  tests where an  a r r a y  of 
u l t r a s o n i c  t r ansduce r s  w i l l  be flown on a wing cuf f  mounted on t h e  r i g h t  wing of t h e  
NASA "win O t t e r  I c i n g  Research A i r c r a f t  i s  depicted. The c u f f  w i l l  be t e s t e d  both  
i n  n a t u r a l  ( f l i g h t )  cond i t ions  and i n  t h e  IRT under s imilar  i c i n g  cond i t ions .  I n  
a d d i t i o n ,  t h e  same 2-D a i r f o i l  w i l l  be s u b j e c t  t o  a n a l y s i s  by a n a l y t i c a l  models and 
s c a l i n g  cri teria.  This d a t a  s e t  w i l l  provide a unique oppor tun i ty  f o r  t h e  d i r e c t  
comparison of t h e  va r ious  i c i n g  a n a l y s i s  and c e r t i f i c a t i o n  t o o l s  c u r r e n t l y  be ing  
used. 
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This  f i g u r e  shows t h e  l o c a t i o n  of the  wing cu f f  on t h e  NASA I c i n g  Research 
A i r c r a f t .  

2 2  



A schematic view of the data acquisit ion system to be used i n  the  array f l i g h t  
tests is  shown i n  t h i s  f igure .  
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