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P R A T T  1. W'nlTNLY A I R C R A F T  

1. To d e m o n s t r a t e  the abi l i ty  of the P r a t t  & Whitney 
A i r c r a l t  Group  J T 8 D  engine to  inges t  w a t e r .  

Rc s u m  e -_ 
2 .  Water  inges t ion  tes t ing  w a s  conducted in  a n  indoor t e s t  

faci l i ty  using a P r a t t  & Whitney A i r c r a f t  Group  JT8D-7 Bil l  of M a t e r i a l  
product ion engine.  

3. Fog  nozz le s  mounted  in f r o n t  of the engine inlet  w c r e  
u s e d  to s imula t e  r a i n  fo r  the inges t ion  test. 

4. The 4% w a t e r  inges t ion  t e s t s  w e r e  m a d e  a t  idle and 
takeoff conditions based  on  d r y  engine p e r f o r m a n c e .  

5 .  The  engine durabi l i ty  w a s  unaffected by the  w a t e r  
inge s tion t e s t s  . 

6 .  Water  ingest ion tes t ing  had  no a d v e r s e  e f fec ts  o n  d r y  
s t eady  s t a t e  engine p e r f o r m a n c e .  

7. Motion p i c t u r e  and T.V. c a m e r a s  a i m e d  at the  engine 
inlet  and exhaus t  r e c o r d e d  the  w a t e r  inges t ion  tes t ing.  

Con c lu s ions 

8 .  The  P r a t t  & Whitney A i r c r a f t  Group  JT8D engine c a n  
inges t  wa te r  as r e q u i r e d  by F. A. R. 33 (Effect ive Oc tobe r  31, 1974)  
without a d v e r s e l y  affecting the engine durabi l i ty  o r  p e r f o r m a n c e .  

._ Descr ip t ion  of Subject  

9. A JT8D-7 Bil l  of M a t e r i a l  p roduct ion  engine P-649244 
w a s  u s e d  for the w a t e r  inges t ion  tes t ing .  

10. Produc t ion  engine P-649244 had accumula t ed  
E T T  17704, ETC 16454 and was overhau led  at Pratt & Whitney 
A i r c r a f t  Group  S e r v i c e  C e n t e r  at Southington, Connect icut  prior to 
the  w a t e r  inges t ion  tes t ing.  
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Method of T e s t  

11. Product ion  enginq P-644244 w a s  ins ta l led  in an  indoor 
t e s t  faci l i ty ,  X-16 and a l l  t es t ing  w a s  conducted at the Main T e s t  
Fac i l i t y  in E a s t  Har t fo rd ,  Connect icut .  The  wa te r  ingest ion t e s t s  a t  
idle  and takeoff conditions w e r e  conducted on Apr i l  21 ,  1977 and 
June 2 ,  1977, respec t ive ly .  The  t e s t  faci l i ty  w a s  equipped with an 
ADR t e m p e r a t u r e  and p r e s s u r e  s y s t e m ,  a s t r a i n  gage load ce l l  t h r u s t  
m e a s u r e m e n t  s y s t e m ,  r o t o r  speed  t a c h o m e t e r s ,  v ibra t ion  equipment ,  
and a l l  o the r  equipment  no rma l ly  u s e d  f o r  s e a  l eve l  p e r f o r m a n c e  
tes t ing  . 

1 2 .  Instal la t ion of P-649244 engine with the a s soc ia t ed  
equipment  i s  shown in Photograph  77-441-9571. P a g e  11. 

13 .  The  inlet  s c r e e n  w a s  r e m o v e d  f r o m  the bel lmouth fo r  
The  f i r s t  s t age  fan  b lades  and the  be l l -  the w a t e r  ingest ion tes t ing .  

mouth  w e r e  painted f l a t  white for  improved  vis ibi l i ty .  
w a t e r  was  used  for  a l l  engine tes t ing .  

Deminera l ized  

14. The  wa te r  ingest ion s y s t e m  cons i s t ed  of four 1 . 5  inch 
d i a m e t e r  142-48 SML205 fog nozz le s  mounted approximate ly  s ix  f ee t  
i n  f ron t  of the engine inlet .  
p a t t e r n  approximate ly  two fee t  a p a r t  with e a c h  nozz le  d i r ec t ed  a t  the 
c e n t e r  of the annulus  of the engine inlet  as shown in Photograph  
77-441-9605A, Page  12. 

The  fog nozz les  w e r e  a r r a n g e d  in  a s q u a r e  

15. The  w a t e r  d rop le t  s i z e  w a s  d e t e r m i n e d  by photographing 
d r o p l e t s  s p r a y e d  f r o m  a s ingle  fog nozz le  similar t o  those  u s e d  fo r  the 
w a t e r  ingest ion tes t ing.  
a r e  shown in Photograph  17430-1, P a g e  13. The  m e a n  d i a m e t e r  w a t e r  
d rop le t  s i z e  for  the range  of w a t e r  flow is shown i n  T a b l e  J17522-1,  
Page  8. The  1 . 5  inch d i a m e t e r  142-48 SML205 fog nozz le  w a s  s e t  up 
so  tha t  a por t ion  of the s p r a y  p a s s e d  between a s p e c i a l  c a m e r a  and an  
E G  & G s p a r k  s o u r c e  loca ted  approximate ly  s i x  f ee t  f r o m  the  nozzle .  
The nozzle  set t ing w a s  ad jus ted  as  c lose ly  as poss ib l e  to  the  ac tua l  
w a t e r  ingest ion t e s t  condi t ions and a f lowmeter  w a s  u s e d  to  m e a s u r e  
the wa te r  flow. 
magni f ica t ion  of 1.89 using a two inch d i a m e t e r ,  e igh t  inch  foca l  
length a c h r o m a t  lens .  
w a t e r  accumula t ion  on the lens .  

Magnif ied w a t e r  d r o p l e t s  at  t h r e e  flow rates 

The  s p e c i a l  c a m e r a  w a s  cons t ruc t ed  t o  provide  a 

T h e  l e n s  was  p u r g e d  wi th  n i t rogen  t o  min imize  

1 

PAOL NO. 5. 
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16.  T . V .  and photographic  equipment  was  used to r e c o r d  
p i c to r i a l  ev idence  of w a t e r  ingest ion a t  the engine inlet  and cxhaus t .  
T h r e e  T . V .  c a m e r a s  w e r e  s e t  up to  mon i to r  the engine in le t  and the 
r igh t  and left  s ides  of the engine exhaus t  us ing  a c losed  c i r r u i t  viclco 
tape s y s t e m .  
to  photograph the r igh t  and lef t  s i d e s  of the  engine inlet .  
cor.tained co lor  f i lm  and w e r e  s e t  a t  a f i lm  spccd  of 90 f r a m e s  pcr 
second.  
photi.)graph lllc r i gh t  and le f t  s i d e s  of t he  engine inlct .  T h e s e  c a m e r a s  
u s e d  black and white  f i lm  and  w e r e  s e t  a t  200 f r a m e s  p e r  second.  Two 
g r i d s  o f  lights mounted  in f ron t  of both s i d e s  of the engine inlet  c r e a t e d  
a l ight in tens i ty  a t  the inlet  of approxirnately 17, 000  foot candles .  

Two s e m i - h i g h  speed  (Mi tche l )  movie  c a m e r a s  w c r c  used  
T h e  c a m e r a s  

Two high speed  f r aming  c a m c r a s  (Hycam)  w c r c  ins ta l led  to 

17. The  w a t e r  ingest ion t e s t  p r o c e d u r e  f o r  idle  and  takeoff 
conditions cons is ted  of the following s t e p s :  

a .  The  engine w a s  s t a r t e d  and a c c c l c r a t e d  to idle 
power.  

b. The  engine was  a c c e l e r a t e d  to  the d e s i r e d  power 
se t t ings  . 

c .  A comple te  r cad ing  of engine p e r f o r m a n c e  
in s t rumen ta t ion  w a s  taken .  

d .  The  l ights  w e r e  tu rned  on, the  m o v i e  c a m e r a s  and 
T . V .  video t ape  r e c o r d e r s  w e r e  s t a r t e d ,  and  the  
w a t e r  w a s  t u r n e d  on. 

e .  Water  flow into the engine in l e t  w a s  i n c r e a s e d  in 
i n c r e m e n t s  of 1% e a c h  30 seconds  unt i l  a w a t e r  
flow of 470 of engine a i r f low by weight  w a s  r eached .  

The 4% w a t e r  inges t ion  w a s  cont inued fo r  a to ta l  of 
3 minu tes  dur ing  which a second comple te  r ead ing  
of engine p e r f o r m a n c e  in s t rumen ta t ion  w a s  taken.  

f .  

g. '. ;le w a t e r  w a s  d e c r e a s e d  in  i n c r e m e n t s  of 1% e a c h  
30 seconds  until the  w a t e r  w a s  t u r n e d  off. 

h. After  5 m i n u t e s  with the  w a t e r  t u r n e d  off a t h i r d  
comple t e  r ead ing  of engine p e r f o r m a n c e  i n s t r u m e n -  
ta t ion w a s  taken.  

The  engine w a s  d e c e l e r a t e d  to  id le  and  s h u t  down. i.  



18. P r o d u r t i u n  engine P-649244 success fu l lv  ingcs tcd  47'0 or  
g r c a t c r  w a t e r  to  a i r  r a t i o  by weight  i n  the engine inlet  a t  both idle  anr! 

lalieoff' power se t t ings .  
h c f o r c ,  r l i ir ing and a f t e r  w a t e r  inges t ion  tes t ing .  The  engine fuel con-  
t r o l  g n x - e r n r d  engine ope ra t ion  in a s tab le  m a n n e r .  

Engine ope ra t ion  w a s  s t ab le  and s t a l l  f r c c ,  

l ? .  The  47'" w a t e r  inges t ion  tes t ing  of product ion  engine 
P - 6 4 9 2 4 4  at i r l l e  (.onclit.ions i s  shown in Pho tographs  77-441-9605C and 
77-441 -060513, P a g e s  14 and 15,  r e spec t ive ly .  The  470 w a t e r  inges t ion  
tes t ing  of product ion  engine P-649244 a t  takeoff condi t ions is  shown in 
Photograph  77-441-4180,  P a g e  16. 

20. At the idle  power  sc t t ing  w a t e r  w a s  inges ted  wi th  v a r i o u s  
combina t ions  uf an t i - su rge  b leeds  and  an t i - ic ing  b l eeds  opened and  
c losed .  
b leeds  opened and closed.  
a r e  p r e s c n t e d  on  Curve  3k9106, P a g e  9 ,  
vcrs i i s  engine p r e s s u r e  r a t io .  

At the takeoff power  se t t ing  w a t e r  w a s  inges ted  wi th  ant i - ic ing 
This da ta  and the  co r re spond ing  d r y  poin ts  

fo r  s e l ec t ed  engine p a r a m e t e r s  

21.  C u r v e  319107, P a g e  10 ,  shows the  engine s t eady  s t a t e  
r e q u i r e d  to  r u n  opera t ing  l ine fo r  both dry and  4% w a t e r  ingest ion 
opera t ion .  T h i s  cu rve  is indicat ive of t he  e n e r g y  r e q u i r e d  by  the  
engine to  r u n  s teady  s t a t e  at  a g iven  power  set t ing.  
the engine in le t  c a u s e s  an i n c r e a s e  in the r e q u i r e d  e n e r g y  l eve l  a long 
the f u e l  con t ro l  governor  con t ro l  l ine.  The  slope of th i s  l ine expla ins  
the d e c r e a s e  in  high r o t o r  speed  a t  cons tan t  PLR. 
w a t e r  flow c a u s e s  the engine to  r e t u r n  to  the  d r y  ope ra t ing  l ine at  the  
o r ig ina l  speed  and  r e q u i r e d  energy .  

Ingest ing w a t e r  a t  

Te rmina t ing  the  

Analys is  of Resu l t s  

22. The  w a t e r  inges t ion  tes t ing  w a s  conducted to eva lua te  the 

The  fog nozz le s  mounted  in  f r o n t  of the  engine  c lose ly  s imula ted  
abi l i ty  of the  P r a t t  & Whitney A i r c r a f t  Group  JT8D engine t o  inges t  
w a t e r .  
a r a i n  condition in the engine inlet .  

2 3 .  T h e r e  w a s  no effect  o n  engine  durabi l i ty  dur ing  any of 

A reduct ion  in  a high r o t o r  speed  
the enginc tes t ing .  
dur ing  the w a t e r  ingcs t ion  tes t ing .  
o c c u r r e d  when w a t e r  w a s  being ingested.  
c e a s e d  the engine r e t u r n e d  to  i t s  o r ig ina l  ope ra t ing  speed. 

Engine p e r f o r m a n c e  w a s  not a d v e r s e l y  affected 

When the w a t e r  inges t ion  

PAQC NO. 7 .  



JT8D WATER INGESTION D A T A  

Flow r a t e  
(ga I/min.) 

32 

64 

100 

Mean droplet 
diameter  (inches) 1 

0.06 1 

0.0 15 

0.01 0 

J17522. I 

771207 
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32 gallons/minute 

100 gallons/minute 

64 gallons/minute 

Image size 
Object s ize Magnif icat ion:  = 1.89  

Flash duration =: 1 X seconds 

Film: Polaroid type 52 A S A  400 

Nozzle: l l h "  1 4 2  - 4 8  SM h205  
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