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ABSTRACT 

The A i r  Force F l i g h t  Tes t  Center  h a s  t h e  
c h a r t e r  t o  conduct All-Weather t e s t i n g  on A i r  
Force weapon systems.  T h i s  i n c l u d e s  t e s t i n g  i n  
a i r b o r n e  i c i n g  c o n d i t i o n s  and i n  r a i n .  To d a t e ,  a 
h igh  speed (180-300 kno t s )  NKC-135 modif ied f o r  
a r t i f i c i a l  i c e l r s i n  t e s t i n g  h a s  been used.  This  
system i s  c u r r e n t l y  being upgraded t o  p rov ide  a 
more r e l i a b l e ,  t e c h n i c a l l y  adequate  c loud simu- 
l a t i o n .  The P a l l e t i z e d  Airborne Water Spray 
System (PAWSS), u t i l i z i n g  a C-130 cargo a i r c r a f t ,  
w i l l  compl.ement t h e  NKC-135 w i t h  a speed range o f  
100-180 knots 
The PAWSS is  se l f - con ta ined  and is b u i l t  on a 
cargc p a l l e t  and r c q u i r e s  no m o d i f i c a t i o n s  t o  i t s  
c a r r i e r  a i r c r a f t ,  

(100-250 knots u s i n g  a C-130H model). 

BACKGROUND 

General  

I n  1971, t h e  A i r  Force F l i g h t  Tes t  Cen te r ,  
1,ocated a t  Edwards AFB, CA, a cqu i r ed  t h e  A i r  Fo rce  
c h a r t e r  f o r  All-Neather t e s t i n g  from Wriglit- 
P a t t e r s o n  AFB, OH. All-Weather t e s t i n g  i n c l u d e s  
a r t i f i c i a l  i n f l i g h t  i c e  and r a i n  t e s t i n g .  T h i s  
t e s t i n g  i s  necessa ry  t o  assure t h a t  A i r  Force 
weapon systems have t h e  c a p a b i l i t y  t o  o p e r a t e  t o  
d e s i g n  s p e c i f i c a t i o n s  (MIL-STD-210B, C l ima t i c  
Extremes f o r  M i l i t a r y  Equipment, and MIL-STD-HlOC, -.- Environmental  T e s t  Methods) i n  i c i n g  and r a i n  
environmental  c o n d i t i o n s .  

NKC-135 
~ 

To d a t e  t h e  pr imary t a n k e r  used t o  c r e a t e  
t h e  n e c e s s a r y  a r t i f i c i a l  i c i n g  and r a i n  c louds  h a s  
been a modif ied NK-135. A wide v a r i e t y  of a i r -  
c r a f t  and miss i les  have been t e s t e d  behind t h i s  
t a n k e r  f o r  i c e l r a i n  e v a l u a t i o n s .  These inc lude :  
AV-8, F-111, A-?U, S U M ,  Concorde, T-38, C-130, 
B-52, F-14, EA-68, F-15, F-4, A-10, E-3.4, T-39, 
F-16, F-18, Canadair  Chal lenger  CL-601, Boeing 757, 
AGM-86, and AGM-109. The NKC-135 is w e l l  s u i t e d  
f o r  h ighe r  a i r s p e e d s ,  bu t  cannot  b e  used a t  
approach a i r s p e e d s  which are t y p i c a l l y  below 180 
knots .  

System D e s c r i p t i o n  

Bleed a i r  is tapped from t h e  s i x t e e n t h  s t a g e  
of t h e  two inboard 5-57 eng ines .  The a i r  i s  
rou ted  i n  2" d i ame te r  p i p e  through t h e  wing lead-  
ing  edges t o  a h e a t  exchanger l o c a t e d  i n  t h e  
f u s e l a g e .  
changer ,  t h e  b l eed  a i r  is cooled from approxi-  
mately 900O F t o  400° F. The a i r  i s  then  rou ted  
i n  4" d i ame te r  p i p e  a f t  t o  a pressure r e g u l a t i n g  
v a l v e  and then through t h e  s t anda rd  a e r i a l  r e f u e l -  
i ng  boom t o  a nozzle a r r a y .  A i r  pressures, 
t empera tu res ,  and me te r ing  are monitored from t h e  
boom o p e r a t o r ' s  s t a t i o n .  

Using ram a i r  through t h e  h e a t  ex- 
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Nozzle Array  

The n o z z l e  a r r a y ,  shown i n  F i g u r e  1 ,  c o n s i s t s  
of p a r a l l e l  water  and a i r  feed l i n e s  jo ined  by 
s h e e t  me ta l  s t r i p s  and formed i n t o  a c i r c l e .  The 
a r r a y  c o n t a i n s  f i v e  of t h e s e  rings configured con- 
c e n t r i c a l l y .  The l a r g e s t  r i n g  i s  44 inches  i n  
d i ame te r  and t h e  smalled i s  1 2  inches .  One 
hundred n o z z l e  e lements  are welded i n t o  t h c  con- 
c e n t r i c  r i n g s .  Water is  pumped through t h e s e  t o  
t h e  nozz le  e lements .  Bleed air i s  rou ted  through 
t h e  boom (around t h e  water l i n e )  down t o  t h e  a i r  
f eede r  t ubes  i n  t h e  man i fo ld ,  which i n  t u r n  d i s -  
t r i b u t e s  air  t o  t h e  n o z z l e  e l emen t s  f o r  W a t e r  
a tomiza t ion  and f o r  h e a t i n g  t o  p reven t  nozz le  
f r e e z i n g .  

The nozzle element c u r r e n t l y  i n  use i s  an 
o f f - the - she l f  Spraying Systems 114 J ,  s e t u p  22 ,  
nozzle .  Of 100 nozzle  elements ,  on ly  49 are  used 
f o r  water  s p r a y .  The remaining 5 1  are used f o r  
a n t i - i c i n g  t h e  a r r a y  and are b leed  a i r  on ly .  A 
s t u d y  i s  underway t o  d e s i g n  a replacement  a r r a y  
w i t h  b e t t e r  f lowflower d r a g  c h a r a c t e r i s t i c s .  

F i g u r e  1 
CIRCULAR I C I N G  ARRAY 

C a l i b r a t i o n  

C a l i b r a t i o n  r e s u l t s  were ob ta ined  i n  November 
and December 1982 w i t h  a Cessna C i t a t i o n  I out- 
f i t t e d  w i t h  an i n s t rumen t  package designed t o  
e v a l u a t e  t anke r  performance. The instrument  
complement inc luded  two l a s e r  probes t o  measure 
d r o p l e t  s i z e ,  two l i q u i d  water c o n t e n t  (LWC) 
ins t rumen t s ,  a f r o s t  p o i n t  measuring i n s t rumen t ,  
p l u s  in s t rumen t s  f o r  ten.perature ,  a l t i t u d e ,  and 
a i r  speed.  A t r i s p o n d e r  system was used t o  
measure d i s t a n c e  between t h e  t a n k e r  and Cessna. 
A summary of t h e  c a l i b r a t i o n  f o l l o w s  i n  Table  1. 
A r e p r e s e n t a t i v e  p l o t  of t h e  drop d i s t r i b u t i o n  can 
be seen i n  F igu re  2 .  Liquid water c o n t e n t  v a r i -  
a t i o n  w i t h  s e p a r a t i o n  d i s t a n c e  is shown i n  F i g u r e  
3. 

The cloud shape f o r  t h e  USAF KC-135 t a n k e r  
was r e c o n s t r u c t e d  us ing  t h e  survey d a t a  from a l l  
tests t o  o b t a i n  s t a t i s t i c a l  s i g n i f i c a n c e .  The 
h o r i z o n t a l  survey d a t a  i n d i c a t e d  a cloud core 
width from 55 t o  80 p e r c e n t  of t h e  v i s i b l e  c loud 
as shown i n  F i g u r e  4 wh i l e  t h e  v e r t i c a l  survey 
d a t a  i n d i c a t e d  a maximum LWC below t h e  cloud 
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