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AIST~ ACT

The USAAVNTBD comparatively tested the Barrier Filter and
Particle Separator on the OH-6A at Yurna Proving Ground , Arizona,
29 October - 24 November 1966, accumulating 15. 5 hours of operation
on th ree cal ibra ted en gines. The engines protected by the Particle Sepa-
rator suffered less visible erosion, less performance degradation and
less moisture impingement than the engine protected by the Barrier
Filter. The Particle Separator required less maintenance and servicing,
was easier to maintain and service , and had fewer malfunctions (none)
than the Bar r i e r  Filte r whic h experienced malfunct ions in t h ree  a r ea s .
The test directive specified that the report contain no conclusions and
recommendations because of the “possible controversial nature of the
test results.

iii

~~~ a— ~~~~~~~~~ -~~~~~ -—~~-- • --~~~ ~~---- - ~~~~~~~
— • - •——- - 

~~~~
—

~~~~
--

~
-
~~~~~

- • , - 
~~~~~~~~~~~~~~~~~~~~~ 

.



- • .— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r—-

FORE WORD

Ti~~ omrr a i l t i g  (j ene r al , US A r m y  Test and Evaluation Command
(lJ S A u ~~(:Yv ~ , -~ i~~et t e d  the comparative test  of the OH- 6A Engine Inlet
Ff. ; ~~ zni . P a r t i ’. k  Separa to r  by 1st Indorsement , AMSTE-BG , Heac-
(l~~a i ~r~ ~) SATE COM , 9 September 1966 , to letter , AMCPM-LHT ,
He adc . . , . i r t t - . s , U S A r m y  Materiel  Command , 26 Augus t  1966 , subject :

u~ OH -c ~A F~ ii~~i z ie  Inlet Filter and Particle Separator . ”

The t1S i\ my Aviation Test Board (USAAVNTBD) was responsible
~~~ p: ~~~~~~~ ~i~~l on ducting the test  and for reporting the test resul ts .

F - - sonrtel ~t n e r  than the authors  who were closely associated with
t~ i s  r’~~~~ -~t ~L i ~e Paul W . Bass , pla nne r , and LTC Cornelius 3. Radu ,
Chi c 1• r r s t : u n ~ ei~~a t i o n  and Methodology Division. Test data are f i led
a ’- the US!~A I TU D  under  U SATECOM Project No. 4-6-0251-05.
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SECTION 1 — INTRODUCTION

1. 1. PURPOSE.

To determine comparatively whether a barrier filter or a particle
separator is the mor e suitable test item for removing foreign material
from the OH-6A eng ine inlet air .

1.2 .  BACKGROUND.

Various turbine-powered aircraft in the service inventory have
experienced a problem with compressor blade erosion owing to sand
and dust ingestion. Results of desert testing of the YOH-6A indicated
that an engine air-inlet protection device would be needed to prolong
engine life . Under the product-improvem ent program (PIP) with the
engine manufacturer  and a direct contract with another manufacturer ,
two sand and dust protective devices were fabricated for testing.

1.3. DESCRIPTION OF MATERIEL.

1. 3. 1. The Barrier  Filter , which was installed within the fu selage of
the YOH-6A Helicopter aft of the mast and above the T63-A-5A engine
belimouth, incorporated a removable filter element constructed in an
accordion- like , four -pleated confi guration having an effective filter
area of approximatel y 740 square inches.

1.3 .2. The Particle Separator , which was installed within the eng ine
air-inlet fair ng aft of the mast and above the eng ine beilmouth , co n-
sisted of a metal framework mounting 88 small , tubular , ine r tial
separators constructed of a ny lon- like material.

1.4. SCOPE.

The USAAVNTBD conducted this Category II comparative test of
the two engine protective devices in the vicinity of Yuma Proving Ground,
Ar izona , during the period 29 October 1966 to 24 November 1966. A
total of 15 hours and 30 minutes of operation was accumulated on
three calibrated engine s during which operation in various
environm en ts was accomp lished. Report has been held pending receipt
of the engine analysis from the manufacturer. For purposes of this test ,
the drop in pressure (hp) across the Barrier Filter element was mea-
sured , and was read by the pilot from a gauge on the instrument panel.

1 — 1
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Measuring devices and indicators provided the pilot with readings of
p ressure  drop across the protective system of the Particle Separator
and of scavenging air pressur e which indicated operation of the exhaust .

fan.

1.5. OBJECTIVES.

To determine :

a. Engine wear .

b. Eng ine performance degradation.

c. Servicing requirements.

d. Forei gn object migration characteristics of the Barr ier  Filter.

1.6. SUMMARY OF RESULTS.

1.6. 1. The T63-A-5A engine (S/N 400 19 1) protected by the Particle
Separator , experienced significantly less visible erosion than the engine
(S/N 400 190) protected by the Barrier Filter. The Particle-Separator-
protected engine experienced less chang e in compressor blade and vane
fundamental frequencies and in clearance at the balance piston air seal,
indicating less erosion than that experienced by the Barr ier -Fi l ter -
protected engine.

1. 6. 2 . The Particle Separator engine suffered significantly less per-
formance degradation than the Barrier Filter engine. The Particle
Separator was superior to the Barrier Filter in protecting the engine
from moisture impingement , but neither system was completely satis-
factory for hover operation in loose hay.

1. 6.3. The Par ticle Separator required less maintenance and servicing,
was easier to maintain and service , and possessed more desirable and
fewer undesirable maintenance features  than the Barrier Filter. The
Particle Separator r equired no special tools and experienced no mal-
functions , while the Barrier Filter required special tools and experi-
enced malfunctions in three areas.

1. 6.4. Results of tests to determine migration properties of sand
particles through the Barrier Filter during fli ght were inconclusive
because of the impossibility of removing the Barrier Filter, wei ghing ,

1-2 
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and reinstal l ing without relocat ing the trapped particles in the element
which in tu rn  affected the corresponding~~p reading at a hover .

1.7. CONCLUSIONS AND RECOMMENDA TIONS.

The test directive stated , “Due to the comparative natur e of this
teat and the possible controversial  nature of the test  resul t s , the test
repor ts  will not include specific conclusions and recommendations. ”

1-3
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SECTIO N 2—DETAILS

2. 1. SPECIA L INFORMATIO N.

T he test  hel icopters  were  operated during 12 f l ig hts in various
environments as follows:

a. Ground idle in dusty area - 12 minutes.

b. Hover in dusty area - 1 hour, 34 minutes, 40 seconds.

c. .iround idle in sandy area - 12 minutes.

d. Hover in sandy area - 1 hour.

e. Hover in hay area - 1 hour, 14 minutes, 13 seconds .

f. Hove r in simulated rain - 40 minutes.

TOTAL - 4 hours, 52 minutes , 53 seconds

The f l ig hts ranged in duration f r o m  25 minutes to 1 hour and 20 min-
utes ’ total flight t ime. Each fl i g ht was conducted in such a manner
that the method and dura tion of the exposure to sand , dus t , hay, or
moisture  were  near l y identical for  each of the two YOH-6A Hel icopters .
Close a t tent ion was g iven to detect ing si gns of engine wear  or loss of
power.  C r i t e r i a  were  established prio r to test by which a determina-
tion of si gni f icant  per fo rmanc e de te r io ra t ion  could be made . These
cr i te r ia w e r e :

a . The inabil i ty of either eng in e to perform an ac celera tion
check without eng ine sur ge.

b. The inability of ei ther helicopter to maintain a f ive-foot
hovering hei ght without (1 )  exceeding normal  rated power limits , or
(2) exceeding the maximum limit of the different ia l in p re s su re  ( A p)

— 
across each protective system , that value being assessed  by the LOH
Project Manager to be 5. 6 inches of water indicated on the p r e s s u r e
gauge in each helicopter ( re ferenc e 2) .  Occurrenc e of either of these
conditions would be cause to suspend tests until correct ive  maintenance
(if appropriate)  could be per formed.  The test duration was limited b y

2- 1
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di rec t i ve  to ~t maximum of 2 0 h ou r s  in sand a nd du st , 2 hours  in g r a s s
or  hay , and 2 h o u r s  in m o i s t u r e , d - p ~ nd -n t  upo n the degree  of engine
d e t e r i o r a t i o n .

F o l l o w i n g  t h e  c om p a r a t i \  t t - ~~t , the c a i ib r a ted eng ine in each
he l i cop te r  was removed.  The he l i cop t e r  with the Par tic le  Sepa rator
and \ v I t l - 1 a new , cal ib ra t -J en g i n e  was  subjec ted  to 10 hours  of addi-
tiona l hovering , equal l y c L v j d & i l  be tween  sand and dust  env i ronmen ts
to i nves t i gate  f u r t h e r  eng in e  wea r (p a r a g r a p h 2. 2) and eng ine per form-
anc e de grada t i on  ( p a r ag r a p h 2 . 3). These  thr ee  eng ines were  re tu rned
to the m a n u f a c tu r e r  fo r  de ta i led  an a l y t i - a l  i n spec t ion .  The  he l icop te r
wi th  t L -  B a r r i e r  F i l t e r  and \ v •t h  a d i f fe r e n t  eng i n e  i n s t a l led  was g iven
a spec ia l  t es t  to e v a l u a t e  f u r t he r  sand p ar t i c le  mig r a t i o n  c h a r a c t e r -
istic s of that  sy st e m  (p a r a g r a ph 2. 5) .

2 .2 . EN G I N E  WE A R .

2 . 2 . 1 .  O bjec t ive .

To d e t e r m i n e  the  d egr e e  of e r o s i o n  or wea r  exper i enced  b y the
eng ine d u r i ng  the tes t .

2 .2 . 2 . Techn i que.

2 . 2 . 2 . 1 . T h r e e  T63-A - 5A eng ines w e re  ca l ib ra ted  by the m a nu f a c t u re r
prio r to the ~t~t r t  of the tes t .  Specif ic  par ts  of the c o mp r e s s o r  and tur-
bine s e c t i o ns  w er e  m e a su r e d .  At the  end of the tes t , t he se  sari-i c par ts
w e r e  measu red  again to de te rmine  the eros ion or wea r experienc ed by
the eng ine. The  fo l lowing  p a r t s  w e r e  measured  for  compar i son :

a . Fundamen ta l  f r e q u e n c ie s  of 10 blades per  s t age  of the
c o mp r e s s o r  ro tor .

b. Fundamen ta l  f r equenc i e s  of 10 vanes per stage of tl~e
C o mp r e s s o r  case .

c. Average radius of the balanc e piston seal.

d . T u r b i n e  n o z z le  f low a r eas  of a l l  four  s tages .

2 . 2. 2. 2. A detai led ana lytical inspection was p e r f o r me d  on al l  t h ree
t es t engines by the manufacturer at the end of the test.

2-2
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2 . 2 . 3 .  Resu l t s .

2 . 2 . 3 . 1 .  Eng ine M e a s u r e m e n t s .

2.2.3.1.1. Blade and vane fundamenta l frequenc y measurements are
conta ined in fi g u r e s  17 t h r o u g h 19 , appendix I, section 3.

2 . 2 . 3 .  1 . 2 .  Ba lance  p iston n i cke 1-~ir : e phi te  a i r - s e a l  r a d i u s  m e a su r e -
ments a r e  c o n t a i n e d  in f ig u r e  le , append ix  1, sect ion 3.

2 . 2 . 3 .  1 .3 .  T u r b i n e  n o z z l e - f l o w  area  m e a s u r e m e n t s  a r e  con ta ined  in
f i g ur e  23 , appendix  I , sec t ion  3.

2 . 2 . 3 . 2 . P o s t - T e s t  Eng ine  Ana l yt ical  Inspect ion.

The  r e s u l t s  of t h e  ana l y t i c a l  inspect ion of the B a r r i e r  F i l t e r
eng ine (S /N 4 0 0 I~~0) and t h e  P a r t i c l e  Separato r eng ine (S/N 4 0 0 1 9 1 )
which  w e r e  exposed to the  t e s t  e n v i r o n m e n t  at the same t ime a r e  pr e-
sented toge the r .  Exposur  t ime  was 2 h o u r s  and 27 minu te s .  The in-
spection r e su l t s  of t h t  P:~r t e~ie  Sepa ra to r  eng ine ( S/ N  4 0 0 1 9 2 )  which
was exposed to the sand and d u s t  env i ronment  fo r  10 hour s  a r e  pre-
sented separa te ly except  w h e r e  the  r e s u l t s  a r e  simila r .

2 . 2 . 3 . 2 .  1. C o mp r e s s o r  S e c t i o n .

a. C o nip r e s so r  C a se .

( 1 )  The B a r r i e r  F i l t e r  eng ine c o m p r e s s o r  ca se  showed
a wear  pa t te rn  of the  p last ic  c o a t i ng  beg inning at the  f ive  o ’clock  posi-
t ion.  The  coating had e roded  s u f f i c i e n t l y to expose the vane segment
metal  band su r faces  at the  f i r s t  th roug h the th i rd  stages (f i gure  1).
The th i rd  s tage was mos t  a f f ec t ed  w i t h  evidenc e of sli g ht stato r vane
unde rcu t t i ng  at the root .  The top half  of the compresso r  case was
more a f f ec t ed  than the  bottom ha l f .  The Par t ic le  Separator eng ine
showed the plastic coating was rubbed at the f i r s t , fourth ,
and s ixth  stage bands  ( f i g ur e  2 ) .  Maximum depth of the rub was 0. 008
inch .  T h e r e  was no v i sua l evidenc e of e ros ion  in ei ther half of the  com-
p re s so r  case.

(2)  The 1 0 - h o u r  Pa r t i c l e  Separato r eng ine
compres so r  case  showed no visua l ev idence  of ero s ion ( f i g u r e  3) .
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b. Compressor  Roto r.

( 1 )  The Barrier Filter engine showed f i rs t -  and
second-stage blade leading edge ro l l -over  in the outer one- th i rd  (ti p
a rea )  and sli g ht blade tip rounding (fi gure  4). The inlet edges of the
c entrifugal impeller were slightly rounded , evidenc e of erosion. The
Particle Separator eng ine showed f i r s t -  and second-stage blade leading -
edge roll-over in the outer one-third (tip area) and slight blade tip
rounding (fi gure  5). This erosion was less than that in the Barrier
Filter engine. The centrifugal impeller showed no evidenc e of erosion.

(2) The 10-hour Part icle Separato r engine showed
slight first- and second-stage blade leading edge rol l -over  (f igure  6).
T his erosion was s lig htl y less tha n tha t on the other Particle Sepa rator
eng ine. There  was fore i gn object damage (FOD), cause  undete rm ined,
to the trailing edge of one blade of the second stage (0. 0625-inc h diam-
eter dent) and on the leading edge of one blade of the third stage (0. 0625-
inch wide tear)  (fi gure  7).

c. Fifth-Stage Bleed Valve.

(1)  The Bar r i e r  Filter eng ine showed a sl i g ht dir t
accumulation on the fifth-stage bleed valve.

(2) There was no dirt  accumulat ion on e i ther  Part icle
Separator engine.

d. Front D ilfuser.

(1)  The Ba r r i e r  Filter engine showed a rub area , one
inch long and one-half inch wide at the seven o ’clock position, on the
abradable a luminum-p lated face.  Dirt had impacted on the face and had
accumulated on the guide vanes (f igure 8). The Particle Separator
eng ine also showed evidenc e of impeller rub of 200 degrees on the
abradable aluminum-plated face. The deepest rub occurred at the
eleven o’clock position (figure 9). There was no dirt bui ld-up on the
guide vanes.

(2) The 10-hour Pa r ticle Sepa rato r eng ine showed no
visible evidenc e of erosion or wear (fi gure  10).
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e. Rea r Di f fuse r .

( I )  The B a rr i e r  F i l te r  eng ine showed a
s l i g ht sand b las t  ef fec t  on the face .

(2 )  The rea r d i f f u s e r s  of both Par t ic le  Separa tor
engines showed no v i s i bl e  signs of wea r .

f .  D i f f u s e r  Scrol l .

( 1)  The s cr o l l  i nne r  s u r f a c e  of the B a r r i e r  Fi l ter
eng ine showed a s l i g ht sand b l a s t  e f f e c t  (the sensing tubes  were  sand
blasted over  one-ha l f  of the  c i r c u m f e r e n c e ) .  The P a r t i c l e  Separa to r
engine showed a s l i g ht polishing e f fec t  on the  sens ing  tubes.

(2)  Wea r and e r o s i o n  ‘.v t -re  not v i s ib l e  on the d i f f u s e r
scro l l  of the 10-hour  Pa r t ic le  Separa to r eng ine.

g. Compres so r  Di scha rg e Tube .  Fine powder had accu-
rnulated on the ins ide of the tubes  of a l l  ~.hr ee  test  engines .

h. C o m p r e s s o r  F ron t  and Rear  Bearing s and Front  Sup-
p or t .  T h e r e  w e r e  no v i s ib l e  indicat ions  of wear  and erosion on the
t h r e e  test  eng ines.

2 . 2 . 3 .2 . 2. Turb ine  Section.

a. F i r s t -S tage  N o z z l e  F i resh ie ld .

( 1 )  The B a rr i e r  Fil ter  eng ine heat shield was v e r y
d i r ty  wi th  a slig ht amount of s i l icone (g l a ss )  adhered  to the shield.

(2)  Both Pa rticle Separato r engine heat shields showed
some evidence of dirt impingement and slight dust accumulation on the
fo rward face  of the heat shield.

b. First-Stage Nozzle.

(1) The Barrier Filter engine showed a conc entration
of dirt on the outer and inner bands and some dirt impingement on the
vanes.
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(2) The first-stage nozzle of both Particle Separato r

eng ines r e vea l e d  a li g ht d i r t  a c c u m u l a t i o n  on the  outer  and inner  hands .

c. F i r s t - S t a g e  W h e e l .

( 1)  The B a r r i e r  F i l t e r  eng ine showed a col lec t ion of
dir t  on both s ides  of the wheel  under  the  rim arid ed ges of the  balance
ring . D i r t  a d her e d  to both sides of the blades arid was h e a v i e s t  on the
top t r a i l i n g  ed ges (fi g ur e  1 1 ) .  The P a r t i c le  Separato r eng ine showed
some d i r t  col lec t ion under  the wheel  r im and a sli g ht d i r t  accumula t ion
on the top side of the b lades ( f i g ur e  12).

( 2 )  The 1 0 - h o u r  Pa r t i c l e  Separato r eng ine showed a
sli g ht accumula t ion  of d i r t  under the  rim on both sides of the whee l  as
we l l  as ev idenc e of d i r t  impingement  on the lower half of the top of the
blades (f i g u r e  13) .

= d. S e c o n d - S tu c e  N o z z l e .

( 1 )  The i3~ r r i e r  F i l te r  eng ine showed an accumulation
of d i r t  behind the  t r a i l i n c  ed~ie of the  vanes  on the outer suppor t ing  sur-
f a c e .  The re  was evidenc e of d i r t  impingement  on the vanes .

(2 )  Both  P a r t i c l e  Sepa rato r eng ines showed a ve ry
li g ht d i r t  a c c u m u l a t i o n  at the  t r a i l i ng  ed ge of the vanes in the huh a rea .

e. Second -Stage W h e e l .

( 1)  The B a r r i e r  F i l t e r  eng ine showed heavy d i r t  accu-
mulation on the blades and blade bases  and heavy d i r t  depo s its under
the wheel  r im (fi g u r e  14).

( 2 )  Both Par t ic le  Separato r eng ines showed d i r t  accu-
mulat ion s imi la r  to that found in the B a r r i e r  Fil ter eng ine , but to a
lesser  degree  (fi gu re s  15 and 16) .

f .  Power Turbine Support.

(1) The balanc e piston , n i c k e l - g r a phite air seal of the
B a r r i e r  Filter engine showed erosion in the entire c i r cumference
(f igure  17). The average c hange in radial clea ranc e owing to erosion
of seal mater ia l  was 0. 008 inch (f i gure  16 , appendix I, section 3). The
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Pa rticle Separato r engine showed less visual erosion to the a i r  seal
(fi gure  18), the chang e in radial c l ea ranc e owing to erosion of seal
material averag ing 0. 002 inch (fi gure  16 , appendix I, section 3).

(2) The 10-hour Particle Separato r eng ine showed
slight visual erosion in the circumferenc e of the seal (figure 19). The
average  change in radial clearanc e owing to erosion of seal material
was 0. 0016 inch (fi gure  16, appendix I, section 3).

g. Third-Stage Nozzle. There was no visible evidence of
wear and erosion on the three test eng ines .

h. Thi rd-Stage  Wheel .  Al l  three test eng ines showed a
sli g ht dir t  accumulation on the trail ing rim .

i . Fourth-Stage Nozz le .  Wear  and erosion were  not
visible on the t h r ee  test  eng ines.

j .  Four th -S tage  Wheel .  There  was a slig ht dirt accumula-
tion on the t ra i l ing  r im on all th ree  test  engines.

k. Tiebolt .  No wea r or erosion was  evident on the three
t est en gin es.

( 1 )  Power Turbine  Shaft.

(a)  The Bar r ie r Filter engine showed an oil coke
b u i l d - u p  on the shaf t .

(b) There was no visible evidence of wear and ero-
sion on eithe r Particle Separator eng ine .

2. 2. 3. 2. 3. Combustion Section.

a. Outer Combustion Case. No signs of wear or erosion
w e r e  visible on the three  test eng ines .

b. Combustion Liner.

( 1)  The B a r r i e r  Filter engine line r exhibited a residue
bui ld-up  composed of pa rtially burned foreign matter on the inside
diameter  at the four  and ten o ’clock positions (fi gure 20).
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(2 )  The combustion l iners  of both Pa rticle Separator
eng ines were  in good condition , showing no signs of wear  and eros ion
(fi gures  21 and 22 ) .

c. G a s - P r o d u c e r  Support .

( 1)  The No. 8 bear ing  bore of the B a r r i e r  Fil ter  eng ine
was  s l i g htl y f r e t t e d  at the one , f o u r , and seven o ’c lock posit ions.  The
Par t ic le  Separa tor eng ine showed heavy fret t ing in the No. 8 bear ing
bore  at the  one , four , and seven  o ’ c lock  posit ions.

(2) The No. 8 bearing bore of the 10-hour Particle
Separato r eng ine showed sl i g ht f r e t t ing  at the one , fou r , and seven
o ’clock pos i t ions .

2 . 2 . 4 .  Anal ys i s .

2 . 2 . 4. 1. Eng ine M e a s u r e m e n t s .

2. 2 .4 . 1 . 1 . The g r e a t e s t  chang e in blade and vane fundamental  fre-
quencies and in the  balanc e piston seal c l ea rances  occur red  in the
B a r r i e r  Fi l ter  eng ine . The w h e e l - t o - s e a l  c lea rance  inc r eased two
times that of the Par t ic le  Separato r eng ine and five times
tha t of the 10-hour  Par t ic le  Separato r eng ine. These
chang es ind ica t e tha t the g r ea t e s t  de g r ee  of eng ine erosion oc curred in
the B a r r i e r  Fi l ter  protected eng ine.

2 . 2 . 4 .  1 .2 .  The turbine nozz le  flow area measurements  showed an
increase  in all a reas  except fo r  a reduction in the s econd- s t age  n o z z l e
of the B a r r i e r  Fi l ter  eng ine which was attr ibuted to therma l deforma-
tion . Comparison of the area changes  indicates no signif icant  differ-
enc e between the B a r r i e r  Fil ter eng ine and the two Particle Separator
eng ines.

2 .2 . 4 . 2 .  Pos t -Tes t  Engin e Ana l yt ical  Inspection. The degree of ero-
sion experienced by the B a r r i e r  Fi l ter  eng ine was significantly grea ter
than that experienc ed by eithe r Par t i c le  Separator eng ine. This differ-
ence in d e g r e e  of e ros ion  1~ as p ar t i c u l a r ly evident when the erosion of
the r e spec t ive  c o m p r e s s o r  blades and of the balance piston air seals in
the tu rb ine  sect ion was compared .  The amount of dust and d i r t  whic h
had accumulated on var ious  parts  of the eng ines showed that more  effi-
c ient  f i l t r a t i o n  was  af fo rded by the Par t ic le  Separator tha n the B a r r i e r
F i l t e r .
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2. 3. ENGINE PERFORMANCE DEGRADATIO N.

2.3. 1. Objective.

To de t e rmine  the amount  and ra te  of eng ine p e r f o r m a n c e
de gradation resul t ing  f ro m ingest ion of fo re i gn objects .

2 . 3.2. Technique.

2. 3.2. 1 . Engine Performance Measurements.

2.3.2. 1. 1. Prior to the tests described in paragraphs 2. 3.2. 2
th roug h 2. 3. 2. 5 , the eng ine m a n u f a c t u r e r  conducted a s tandard per-
fo rmance  ca l ibra t ion  on th ree  new T 6 3 - A- 5 A  eng ines.  Af te r  comple-
tion of the tes ts , the eng ines w e r e  re tu rned  to the manufac tu re r  and
another cal ibrat ion was p er f o r m e d .  USAAVNTBD personnel  ax ~a1yzed
and compared  the res .~~ts of these  ca l ib ra t ions .

2 . 3. 2 . 1 . 2 .  Supplementa l eng ine p e r f o r m a n c e  data w e r e  compiled
f rom he l icopter - ins talled eng ine ins t rument  reading s collected by pro-
j t  personnel dur ing each fli g ht. Gra phs depicting the changes in
engine performance parameters were prepared .

2. 3 . 2 . 2 .  Sand and Dust.

2 . 3. 2 . 2 .  1. The two test  YOH-6A Hel icop te rs , equ ipped w i t h  ca l ibra ted
eng ines , w e r e  f lown at a gr o s s  weig ht of 2 , 500 pounds side by side in a
preselected dus t and sand environment at Yuma Proving Ground , Ari-
zona . To maintain an equal ingestion environment, the he l i cop te r s
w e r e  programmed to hover over  a dust  silt  su r f ace  fo r  a period of 10
minutes  headed into the wind, l a t e r a l ly s epara t ed  by a distanc e of 25
feet  or more .  Both he l icopters  w e r e  to land and to reduc e power to
“idle ” setting fo r  t h r e e  minu tes , and then to f l y to a n e a r b y sand y sur-
f a c e  and repeat  a simila r 13-minute  c y c l e  for  a total miss ion  time of
26 minutes .  If , at any  t ime , e i ther  hel icopter  was unable to continue
hovering due to maintenanc e requ i rements  or to eng ine deter iora t ion,
the flig ht was to be terminated .

2.3.2.2. 2. One test helicopter with a new calibrated eng ine installed
and a Part icle  Separato r protect ive devic e (engine S/N 400192 ) was
subjected to 10 hours of hovering, equally divided between sand and
dust environments.
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Fi gur e 23. The 011-6A H e l i : u p t v r s , ‘.v i th
p ro tec t ive  s y s te ms  ins ta l led ,
h o v e r i n g  over sand su r f ace .
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Figur e 24. The OH-6A , with protective system
installed , hover ing in water spray.
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2 . 3 .2.  3. Grass  and Hay . The two test hel icopters  w e r e  operated
ove r a surface covered with hay, using the l3 -m inu te  cycle  and control
c r i t e r i a  outlined in p a r a g r a ph 2. 3 . 2 . 2 .  1 .

2. 3.2. 4. Mois ture .  The helicopter with the B a r r i e r  Fil ter instal led
was hovered for  four  minutes  in a dust environment , during w h ic h
time the L~.p reached the maximum l imi t .  The helicopter was then
hovered in a wa ter sp ray  for  10 minutes .  The same process  was
fol lowed wi th  the he l i cop te r  on whic h the  Pa r t i c l e  Separa to r was
installed (eng ine S/N 4001 9 1).  With a clean f i l te r  e lement  instal led ,
the Ba r r i e r  Fi l ter  hel icopter  was hovered in water  sp ray  f o r  10
minutes  and then hovered  in d ry  a i r  until  the L.p s t ab i l i zed .  A gain ,
this p rocedure  was dup licated by the Par t i c le  Separato r he l i cop te r  in
o rder  to keep  the eng ine environm ental exposure equal . (See fi gure 24. )

2. 3 . 2 .  5. Genera l. The sand , dust , and hay  subtes ts  w e r e  accom-
plished at an approximate f ive - foo t  skid heig ht hover .  Per t~ -’ en t  eng ine
and atmospheric da ta were  recorded du rin g eac h f li g ht .  At least  two
engine power checks and two acceleration-deceleration checks were
per formed for each fl i g ht , and part icula r attention was g iven to the
detection of eng ine deteriorat ion.  The L.p across  each te- ; t device  was
monitored by means of a gaug e mounted on the r espec t ive  hel icopter
ins trument panel. The maximum (“do not exceed”)  value of L~p was
stipulated b y the LOH Projec t  Manager  to be 5. 6 inches  of wa te r . This
value represented  a nominal  two - inc h inc r ease above th e  p r e s s u r e
d i f fe ren t i a l  value obtained with a c lean B a r r i e r  F i l t e r .  B e fo re  and
af ter each f l i g ht , the f i l t e r  element in the B a r r i e r  F i l te r  was w e i g hed
to de term in e the amoun t of fo re i gn mater ia l  col lected.  Following
weig hing,  the B a r r i e r  Fil ter element and the engine plenum c h a m be r s
in both a i r c r a f t  we r e  c a r e f u l l y cleaned with a vacuum c leane r , and the

— con ten t s were  kept s e par a t e  and appropr ia te l y identified. The vacuum
cleaner bags with their contents were delivered to the engine manuf ac -
tu r e r  who prepa red an anal ysis of the composit ion and micron size of
each collection. The B a r r ie r  Fil ter  e lement  was again wei g h ed af t er
it was cleaned to determine if any f o r e i g n  ma terial  r emained.  Oil
samples from the engine and t r a n s m is s i o n  of each he l i cop te r  were
taken daily.
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Fi gure 25. The Barrier  Filter element was
wei ghed before  and alter each fli ght.
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Filter element att ( hover in sand
and dust environment.
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2. 3. 3. Results.

2. 3.3. 1. Sand and Dust.

2.3.3. 1. 1. Pertinent data collected from each flight are contained in
f i g u r e s  1 and 2 , a ppendix I, sec tion 3. Each of eig ht s ide-b y-s ide
flig hts into the sand and dust environment was terminated prio r to com-
ple tion of the programmed 26-minute cycle (paragraph 2 . 3 . 2 . 1) be-
cause the B a r r i e r  Filter element became congested with sand and dust
sufficientl y to cause the ~ p reading to exceed the allowable limit of
5. 6 inches of water .  The corresponding .2.p reading in the Particle
Separato r hel icopter  gave no significant inc rease  over the baseline
/‘ p of 4. 0 inches of water.

2. 3 .3 .  1 . 2 .  When the hover and idle operat ion in dust , sand , hay,  and
water  reach ed a to tal of 2 ho u rs and 27 minut es , the exhaust gas tem-
perature (EGT) in the Ba r r i e r  Filter helicopter reached the maximum
allowable limit of 1380°F. during the power check prior to the next
takeoff .  An accelerat ion check following power check resulted in a
popping noise from the engine, a characteristic of compressor stall.
This  condition a lso  prevailed wi th  the  f i l t e r  e l emen t  r emoved .  The
c o m par a t i v e  portion of the test  was te rminated  at this  t ime  on the basis
of signi f icant  eng ine deterio ration being evidenced in the B a r r i e r  Fi l ter
helicopter.

2 . 3 . 3 .  1 .3 .  Analyses  of the compo s ition and micron - siz e of sand and
dus t collections obtained f r o m  the used Ba r r i e r  Filte r element and
plenum chambers of both helicopters are contained in figures 11 through
15 , appendix I, section 3. Particles with the average size of 85 microns
(dust) to 100 microns (sand) and maximum size of 350 microns (sand)
passed throug h the Barr ier  Fil ter  to the p lenum chamber . Samp les
take n f rom the plenum chamber of the Part icle-Separator-equipped
helicopter were  too small to anal yze.  Oil sample anal yses ( f igures  1
and 2, appendix I, section 3) revealed tha t the silicon content for all
three engines was the same.

2. 3. 3. 2. Grass and Hay. Pertinent data collected from hovering
f l i g hts in a reas  s t rewn with hay a re  contained in appendix I, section
3.
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2 . 3 . 3 . 2 .  1. The B a r r i e r  Fil ter became clogged with hay and the i~.p
limit was reached after a total of 38 minutes of hovering . Most of the
ha y was removed f rom the f i l t e r  by removing the element and shaking
off the hay;  however , some par t ic les  of hay w e r e  imbedded in the ele-
ment under the protect ive s c r een  and could not be removed b y shaking
or washing.

2. 3. 3. 2 . 2 .  The sc reen  which covered  the intake of the Par t ic le  Sepa-
rator became clogged with hay and caused the ~~p to exceed the limit
of 5. 6 inches of water after both hel icopters  had hovered ov er the ha y
for  four minutes and five seconds. After the hay was brushed off by
hand from the Particle Sepa rato r intake screen , hovering opera t ion
was resumed, and the screen again became blocked after 13 minutes
and 30 seconds . The variance in time was attributed to the difference
in hay concentration. Another hover period of 10 minutes and 30
seconds had similar resul ts .  A fli g ht a t c ru is ing speed was made in
an attempt to determine if the a i r s t ream would remove the accumniated
hay from the screen.  Not all of the hay was removed ; however , the

p dropped f r o m  5. 6 to 4. 6 inches of water during the f ive-minute
fli ght. Post-f l ig ht inspection revealed tha t some hay passed throug h
the Particle Separato r , and collecced on the eng ine beilmouth screen.

2.3. 3. 3. Moisture. Pertinent data collected from hovering flight in
a water spra y are contained in appendix I, section 3.

2. 3. 3. 3. 1. Water spray on a Bar r i e r  Filter which had been exposed
to four minute s of hovering in dust caused the L~p to increase f rom
5.6 inches of water to a maximum of 8 inches of water in 10 minutes.
A stabil ized ~.p of 7 . 8  inches of water was attained af ter  10 minutes
of hovering.  Water  spray on an unused Barr ie r  Filter element which
had not been exposed to dust caused the Lp to increase from 3.4
inc hes of water to a stabiliz ed 4. 9 inches of water . After  s even min-
utes of hover in d r y  air , ~.p dec r eased to 3. 9 inches of water .

2. 3. 3. 3. 2. The Particle Separator  did not show visible effects  f rom
the water spray.  Hover in water spray had no measurable ef f ect on
the Lp reading of the Particle Separato r helicopter .

2. 3. 3 .4 .  Eng ine Perfo rmanc e Measurements .

2 . 3 . 3 . 4 . 1 .  The results of the manufacturer ’s eng ine performanc e
calibrations which were made before and after  the tests are  contained
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Figur e 28. View of the engine bellmouth
screen showing part icles of hay
which passed through the Parti-
cle Separator system during
hover over loose hay.
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in f igu re  20 throug h 22 , appendix I, sect ion 3 . The grea tes t  percen-
tage of performanc e depreciation as a resul t  of ingestion of f o re i gn
mat er ia l  occur r ed in th e Ba r r i e r  Fil t er eng ine. Shaft horsepower
decreased an d spec if ic fuel  co n sumpt ion inc reased  be yond spec if ica t ion
limits (fi gure  20 , appendix I, sectio n 3). The eng ines employ ing the
Pa rticle Separato r experienced a lesser  depreciation in per formanc e
whic h remained within the specif icat ion limits (fi gures  21 and 22 ,
appendix I, section 3).

2. 3 . 3. 4. 2. Eng ine per formance  curves comp iled f rom eng ine da ta
collected during flight are contained in figures 3 throug h 8, appendix I,
sec tio n 3. Compar i son  of these curves verif ied that the per formance
of the Bar r i e r  Filter eng ine de preciated to a grea ter  degree  tha ’-i that
of either of the Part icle Separato r eng ines. This performance depre-
ciation is i l lus t ra ted  by the g rea t e r  r i se  in r e f e r r e d  tu rb ine  outlet
temperature (TOT) and r e f e r r e d  fuel  flow rate.

2. 3 .4 .  Ana l ysis .  S

2. 3 .4 .  1 . The T63-A - 5A eng ine , wh ic h wa s pro t ected f ro m fo re i gn
object ingestion by the Particle Sepa rato r , suffe red  less per formanc e
degradat ion than a sim ila r eng ine pro tected b y the Ba r r i e r  F il t er .

2. 3. 4 . 2. The Par t ic le  Separator was superio r to the Bar r i e r  Filter
in protecting the eng ine from mois tu re  imp ingement.

2 . 3. 4. 3. N e i t h e r  sys tem was comp le te l y sa t is fa c t o r y  for  hover  opera-
tion in loose hay.  The B a r r i e r  F i l t e r  endured  a longer  hover  t ime
be lore  becomin g c logged than the Par t i c le  Separato r but was harder  to
clean.  Straw p a r t i c l e s  w e r e  found on the eng ine intake protective screen
below the Pa r t ic le  Separato r fol lowing hover tests in hay, indicating
incomplete p ro tec t ion .  No hay p assed throug h the B a r r i e r  Filter to the
eng ine intake s c r een .

2 .4 .  SERVICING R E Q U I R E M E N T S .

2 .4. 1. Object ive .

To c o m par e  the servic ing and maintenance requ i rements  of the
test  items.
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The  r e q u i r e m e n t s f o r  i n spec t ing ,  servic ing, and ma intaining
the two sy s t i - i n s  w e r e  d e t e r m i n e d  and the man-hours expended for each
were recorded and compared. The need for specia l t ool s  fo r  s e rv i c ing
and maintaining each s y s te m  was o e t er m in e d .  Throug hout t h e  t e st ,
a t tent ion  was  g iven to those f e o t u r & - s whic h contributed toward or
detracted f r o m  the ~~~~~ of m a i n t t , t i - 1 o c e  and s e r vt c i n g  of each s y s t e m .

2 .4 . 3 . R e s u l t s .

2.4.3. 1. Maintenanc e and Servicing .

2 . 4 . 3 .  1. 1 . Barrier Filter. Before tests could be initiated , severa l
m a n - h o u r s  w e r e  expended b y the m a n u f a c t u r e r ’ s r e p r e s e n t a t i v e  in
c u s t u n ,  - t i t t i n ~ each  of f o ur  f i l t e r  e lements  to the structure framework.
The  f i t t i f l 4  was n e c e s s a r y  b e c a u s e  the holes in the f i l t e r  e lement
t h r o - c - } t  whic h the  pla stic snap f a s t e n e r s  w e r e  in se r t ed  var ied  with
r e~ pect to s l Z c  and spacing. The holes were altered with a round file.

A f t e r  the f i l t e r  e lement  was f i t ted  to the s t r u c t u r e, one
man posit ioned and s e c u r e d  the el emen t  12 t imes dur ing  the t e s t .  The
t ime  r e q u i r e d  fo r  ins ta l l a t ion  var i ed  r o n i  a minimum of 12 minu tes  to
a maximum of one hour and t h i r t y  minutes  as a r e su l t  of d i f f i c u l t i e s
e n c o u n t e r e d  wi th  secur ing  the e lement  with the snap f a s t e n e r s .  One
man r e m o v e d  the element  12 t imes in tim e per iods  v a r y ing f r o m  30
seconds to 15 minu tes .  Pliers occasional l y were  required to remove
some fasteners that fit too tightly to be removed by hand.

T h e  f i l t e r  e lement  r equ ir ed  wash ing  and d r yin g  a f t er  expo-
s u r e  to dust  or sand. Printed ins t ruc t ions  w e r e  provided by the manu-
f a c t u r e r  and a r e  included in appendix I, section 3. One  man required
10 minutes  to wash  t h e  element in accordanc e with the i nst r u c t ion s .  A
period of 10 hours  (over ni g ht) in a vent i la ted  hangar  was s uf f i c i e n t  to
dry the filter element. In one instance, a wet filter , after exposure to
2. 5 hours of sunlight, was not completely dry, weighing 2. 52 pounds
compared with 2. 3 pounds dry.

Preflight inspection consisted of determining that a clean
filter element was in place and properly secured.
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Figure 20 . Damage sustained by Barrier Filter as a
result of washing. Arrow in lower photograph
shows deterioration arid separation of filter
materiel.
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Post-flight maintenanc e consisted of removing the filter
element , c leaning the plenum chamber with a vacuum cleaner to
re move the cons ide rab le  amount of accumulated dust and sand, and
replacing with a c lean  e l ement.

2 .4 .  3. 1.2 .  P a r t i c l e  Separato r. The Par t ic le  Separa to r  r equ i r ed  no
unscheduled maintenanc e or servicing during the sand, dust, or water
tests.  During the hay test , hay had to he brushed f requent l y b y hand
f r o m  the Part ic le  Separato r in take  sc reen  to r e s t o r e  adequate a i r f low
to the engine.

A v i 5ua l  inspect ion be fo re  each f l i g ht was made to deter-
mine if the in take  sc reen  and the individua l iner t ia l s epara to r tube s
were unobs t ruc ted . The exhaust  fan was actuated momenta r i ly d u r i n g
preflight to verify s a t i s f a c t o r y  opera t ion .

Pos t - f l ig ht maintenance cons i s t ed  of visua l inspec t ions
The p lenum chamber  had to be vacuum cleaned onl y twic e owing to
the lack of visible accumulation.

2.4.3.2. Malfunctions.

2 . 4 . 3 . 2 .  1. Bar rie r  Filter. The plastic fas teners  which were  used to
secure  the f i l t e r  element to the s t ruc tu re  lacked adequate  s t rength  and
four  of these broke during the test  period and were rep laced. During
a p os t - t e s t  insp :tion , a piec e of broken fas tener  was found lod ged
nea r the be limouth of the eng ine.

Two f i l ter  elements were  used alte rnate l y fo r  the f i r s t
eight fl i ghts in sand and dust. Each of the elements sustained damage
during the third washing because the tape which bound the edg es of the
elements became loosened and the wi re  scree~. exter ior  of one was
distorted and broken. The elements were  repaired by the m~’.n ufac-
turer ’s representative and were  re-used.  With each washing,  the
capacity of the filter element to retain trapped dust and sand was de-
creased (fi gure 1, appendix I, section 3), and the frequency of required
washings was thereby increased. The materia l in the elements became
matted and sep a rated by exposure to the water .

The sponge rubber seal between the f i l te r  element and the
framework became worn, and dislodged and was replaced after the
s ixth f i l te r  element change.
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2.4. 3.2. 2. Particle Separator. The Particle Separator experienced
no malfunctions during the test.

2.4. 3. 3. Special Tools and Equipment. The Particle Separa to r
requi red  no special  tools.  A tank , de tergent, and running water  w e r e
required for washing th e Barrier Filter element .

2 .4 . 3 . 4 .  Des i rable  Features .

2 . 4 . 3 . 4 .  1. B a r r i e r  Filter. The B a r r i e r  Fil ter possessed no moving
par t s .

2 . 4 . 3 . 4 . 2 .  Particle Separato r. The Particle Separato r requi red  no
ma intenanc e other than visual inspectio n afte r flig ht in sand , dus t , and
wa ter envi ronments , was readi l y accessible  for  visua l inspection , and
was unaffec ted  b y f l i ght in mois tur e .

2 . 4 . 3 . 5. Undesi rable  Features.

2 . 4 . 3 .  5. 1. B a r r i e r  Fil ter .  The B a r r i e r  Filter had the following
undes i rable  fea tures :

a. Required excessive servicing and maintenance.

b. Incorporated fasteners which were diffic ult to operate,
lacked adequate s t ren gth and w e r e  a hazard  to the engine in the fo rm
of poten t ial f ore ign object damage.

c. Incorporated a f i l t e r  elem ent which lacked capacit y
and durabi lit y and which de ter iora ted  in efficienc y af te r  each washing .

d. Required special  equi pment for  servicing and mainte-
nance (paragra ph 2 . 4 . 3 .  3. 1).

e. Created a requi rement  for  a dry ,  c lean stora g e a r ea
f or replacement f i l ter  elem ents and additional area for  washing equip-
ment.

f .  R equ ired the f i l t er element to be fo lded and oth er wise
man-handled dur ing  remova l f o r  cleaning which caused the possibility
of some residue in and on the element to become dislod g ed and f al l  in to
the plenum chamber and en g ine b eilmouth.
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g. Required a ventilated area protected from dirt and
mois ture  for  dry ing the washed f i l te r  e lements .

2. 4. 3. 5. 2. Pa rt ic le  Separator.  The Pa rt icle Separator had the
following undes i r ab l e  f ea tu re s :

a. Required brushing by hand of the intake screen follow-
ing hovering f l i g ht in ha y a rea .

b . Incorporated e lec t r i ca l l y opera t ed ex haust  fan .

2. 4 .4 .  Anal ys i s .

2.4.4. 1 . The Particle Separato r required less maintenanc e and ser-
vicing and was easier to maintain and servic e than the B a rr i e r  F i l t e r .

2. 4. 4. 2. The Particle Separato r experienced no malfunctior during
the test while the Bar r i e r  Filter experienced minor malfunct ions in
three a reas .

2.4. 4. 3. The Particle Separato r required no special tools , and the
Bar rier Filter required special equipment for  servic ing.

2. 4 . 4 . 4 .  The Part icle Separato r possessed more des i rable  and fewer
undesirable maintenanc e features  than the Bar r i e r  Fi l ter .

2. 5. SPECIAL TESTS.

2 . 5 . 1 .  Object ive.

To invest igate  the “mi grat ion ” of sand par t ic les  t hroug h the
B a r r i e r  F i l t e r  element dur ing fli ght.

2.5.2. Technique.

The helicopter , with a clean Barrier Filter element installed,
wa s hovered in the sand environment until the 

~ 
p reached 5. 6 inches

of water . The helicopter was landed , shut down, and the Barrier
Filter element was carefull y removed , weighed, and reinstalled. The
sand trapped in the fi l ter  element was disturbed as little as p o ss ib le
during the procedure.  The helicopter was then flown for  90 minutes in
simulated tactical maneuvers  which consisted of cru i se , takeoff s ,
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approac hes , and landing s to hard surface.  The Ap was recorded in
f l i g ht and at a hove r  at least once each 15 minutes. At the completion
of fli g ht , the f i l t er e lement was ca r efu l ly removed and weig hed.

2 . 5 . 3 .  Resu l t s .

T he c lean , unused f i l te r  elem ent weighed 2. 00 pounds befo r e
ins ta l l a t ion .  (See fli ght No. 13 , fi g ur e  1, appendix I , section 3.
Af te r  hover ing in the sand , L~p read 5. 6 inches of water  and the f i l t e r
e lement wei g hed 2. 52 pounds. A f t e r  reinstallation , Ap  at a hover was
4. 6 inc he s of water .  Following 90 minutes of f l i ght , ~~p read 4. 8 at a
hover and the f i l t e r  element wei g hed 2. 56 , an increase  of 0. 04 pounds.

2 . 5 . 4. Anal ys i s .

Results of the test were inconclusive because of the impossi-
bi l i ty  of removing,  weig hir , and re insta l l ing the f i l t e r  element without
re loca t ing  t he t ra pped particles in the element and the corresponding

p reading at a hover . The increased  wei g ht of the e lement  af t 5 r the
90-minute flight was attributed to an undeterminable amount of foreign
material which unavoidably was added to the f i l t e r  dur ing the hover
performanc e chec k, the takeoff from the sand y area , and during the
r emainder  of the f l i g ht t h roug h “c lean  a i r . ” The amount of ma te r i a l,
if an y, w h ich mi g rated through the f i l t e r  during fl i g ht was also undeter-
minable .
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APPENDIX I - TEST DATA

Comparat ive Test of the OH-bA Eng ine Inl et Fi lter and ParticLe Separator

USATECOM Proje ct  No. 4 - 6 - 0 2 5 1 0 ) 5

OH .6A Hel i cop te r .  S/ N  6 2 - 4 2 1 1

Fil ter Type: Barrier Fi lter

Ft iah t No: ,:b~- r 1 ~ 3 4 5 6 7 M 9 11 12 I 1 st .

1 ) 5 4 3 Nov 4 Nov 4 Nov 5 Nov 9 Nov 10 Nov 10 N v  10 Nov 11 Nov 18 Nov 18 Nov 22 Nov

111t.- r Number A j ~~t A2 B
~ 

A 3 33 A4 34 A 5 B~ C 1 D~

Hov er Time in Dust 10:00 10:00 10:00 08:00 05:10 04:10 11 1 -

( m m . )

Idle Time in Dust 03:00 03:00 ,,, . (

(mimi .

Hover Time In Sand 01:08 02 :25 07:35 05:37 05:55 07:20 2 5 :0 ’ 55- 00

(mm .

Id l .r Time in Sand 02 :00 04:00

(m m.

Hover ~~~ in Hay 38:08
(mimi .)

Hover Tirr , e in Water 10:00 10:00 t I (1

(mm. )

Ap Inches Wate r 3. 5 3.7 3.8 4.2 3.8 4. 1 3.9 4. 1 3.9 4.0 3.4 2. 5

B.O- ,re Hover -

Inches Wa ler 5.7 5.6 5.6 5.7 5.7 5. 7 5.8 5.7 5.6 5 .6 ( 1 )  4.9 5.6

End of Hover

Inche s Wate r 6.0 5.9 6.0 6.2 5.7 5.6 5.8 5.6 5.6 8.0 (2) 3 ,5 k 3) 4.8 ’
~~

Bef ore Shutdown

Filter Weig ht Before 2.12 2.18 2 .20 2.32 2.20 2. 32 2.30 2.5 .--  t.28 ~‘.O 8  2 .00
Hover (lb. )

Filter Wei ght After 2.79 2.67 2.78 2.88 2.54 2.59 2 ,50 2.55 - - -  3. 11 -.. 2.

Hover (lb. )

T at Time on Filter 14:08 15 :25 21:43 23:02 27:38 44:22 35:38 49:32 73:46 63:42 10:00 0:25

(mm .

Totals for Teat 14:08 29:33 37:08 44:45 50:40 1:12:00 1:20:00 1:25:10 2:03 :18 2:17:28 2:27:28 2 :52:28 2:5.1:28

(hr:mi n :eec)

(1)End of hover in duet.
(2)End of hover in w ater with dirty filter .
(3jlncl udes 7 . 0 minute . of hover to dry the wet filter (this 7 . 0  minute . not Included in total te at time).
(4 )~~p at hover af ter dirty f i l ter was reine tall ed wa s 4 . 6  af ter 1:30 hours 4 fli 1ht in clean air . A p at hover was 4 .8 .
(5)T he weig ht of the dirty fi l ter incre aaed from 2 . 5 2  to 2 .56 dur ing 1:30 hou r. of fli ght ln clesr ~ &i r.

(6) Four filters were used (A , B, C , D). Repeated use is indicated by subnumbers .

Fi gure  1 .

3 - 1 - 1
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COMPOSITIO N A N D  MICRO N SIZE ANALYSIS

A. Plenum Chamber Sample W~ -ig hts. Dur ing t h t -  tes t , s amples

of contaminant were vacuuntd f r o m  t }i - p l e n u l l l  c h a m b e r  (compa rtment

between the filter device and the eng ine i omprcssor i n l e t )  of each test

helicopt er . All accumulation obtained was collected in separate bags,

marked  for  ident i f icat ion and retained fo r subs eque nt anal ysis. F igures

9 and 10 cor relate the samp les collected to the  a i r c r a f t  number , fli ght

number , sample weig ht , etc .

B. Mic ron Size and D i s t r i b u t i o n .  Par tic le  s i ze  anal y s i s  curves ,

depicting the mic ron size and distribution of the samp les collect ed

during the test , appear in fi gures 11 through 13 .

C. D i scus s ion .

1 . The amount of contaminant found in the plenum chambe rs

gives an indication of the relat ive ef f ic ienc y of the f i l t e r ing  dev ices ,

as this accumulation has succeeded in pa ssing throug h the respective

fi l tering sys tem.  The samples taken f r o m  th e plenum c hamber of

helicopter S/N rj 2 -4 21  1 ( B a r r i e r  Fil ter  protected)  varied in wei g ht

f r om a min imum of 1. 09 grams to a maximum of 18. 23 gr a m s .  Onl y

two samples we re vacuumed f rom the plenum chamber of helicopter

S / N  6~~-4 Z l 6  (Par t ic le  Separato r protected) ,  as the re  was v e r y  little

evid enc e of accumulat ion present .  These  two samples wei ghed 0. 0605

grams and 0. 0136 g rams  res pectivel y. It is si gnif icant  to note that

3 -1 -2
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onl y a small percentage of that contaminant , getting past the respective

filtering sys tem , would ac cumula te in th e pl enum chamber and not be

ingested into the eng ine compres so r  inlet.

2. The particle s ize  dis t r ibut ion curves depicted in fi gu re~

11 throu gh 15 show the mass median part icle  size (50% point) passing

the B a r r i e r  F i l te r  into the p lenum chamber  to b e ap p roximat el y 85

microns from the dust area and approximately 110 microns f r o m  the

sand area .  The maximum pa rticle siz e passing was 350 microns f rom

both a reas .  The two samples taken f rom the plenum chamber of helicopter

S/N 62-42 16 (Particle Separator protected) were too smal l  to anal yze .
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Fi g ur e  ‘).

Plen um Chamber Samples

A / C  No. Fli ght No. Sample No.  Wei ght (gms)  Fl ight  Time (min/sec)

~~42 11 1 3 6 . 1 3  11:08
4211 2 5 2. 42 12:25

~:~*4216 2 7 0 . 0 6  23 :33
4211 3 8 5 . 3 0  7:35
4211 4 10 4 . 8 1  5:37
4211 5 13 3 . 7 8  5:55
4211 6 15 1 8 . 23  1~’:20
4211 7 17 2 . 4 2  ~ :O0

4216 8 18 0 .01  44 ~~~Z 7
4211 8 20 1.09 5:10

~ Helicopt er  S iN  62-42 11  employed the B a r r i e r  F i l te r .

~ *Helicopter  S/N  62-42 16  emp loyed  the Pa rt ic le  Sepa ra tor .
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Figure  10.
Dust Sample Correlat ion Sheet

Sample No. Fli ght No. A / C  No. T ype of Sample

1 Dust sample
2 Sand sample
3 1 4211(1) From plenum af ter  11:08 m m .  fli ght
4 1 42 11 From fi l ter  after  11:08 m m .  f l ig ht
5 2 4211 From plenum after  12:2 5 m m .  flight
6 2 4211 From filter residue after 12:25 m m .  flight
7 2 42 16(2) From plenum after 12:25 m m .  flight
8 3 4211 From plenum chamber  af ter  7:30 m m .

in sand , f i l ter  being cleaned once.
9 3 4211 Residue f rom f i l ter  element No. 3 after

being cleaned once and a 7:30 m m .  flt .
10 4 4211 From plenum chamber af ter  5 :37 m m .  fl t .
11 4 42 11 F rom fil ter  element N o. 6 a f t e r  being

cleaned once and a 5:37 m m .  fIt .
12 5 4211 Residue f rom fi l ter  No. 3 after 5:55

mm . flt.
13 5 4211 Residue from plenum c hamber after

5:55 m m .  flt.
14 6 4211 Residue from filter No. 6 after 10 m m .

dust and 7:30 m m .  sand .
15 6 4211 Residue f rom plenum chamber after 10

miri. dust and 7:30 m m .  sand .
16 7 4211 From filter after 8:00 m m .  hover in dust.
17 7 4211 From plenum , 8:00 m m .  hover in dust.
18 8 4216 From plenum chamber.
19 8 4211 Filter No. 6, 4th exposure 5:10

m m .  hover in dust.
20 8 4211 From plenum , 5:10 hover in dust.

(1) Eng ine S/N 400190 with Barr ier  Filter.
(2) Eng ine S/N 400191 with Pa rticle Separator.

3-1-12 

--5 - - -- -- -5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ‘, 



Figure I I .

4 4 1 I 0 2 2 4  2 4 4 4 I I I 100 I 2 2.1 3 . I - S 0 1001

I I  I H  ‘~

t ~~~~~ - - -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 P a r t i c le  S i z e  D i s t r . I - . ,- 1 -n ~ f F i . l d  “‘ —

- - 1_
I - IS.s~~~~..4 .5 i_ . r.4~~~_5~~~~~~~-5 I5-. .J~ 

Test S am pl e  f ro m Wli H e l  i c ~ ~. t e r
‘ I  ~~~~~~~~~N I I ;j  

~~~~~~~ ~~ 0 Sa m ple #2 S~ Ih~~~~~~~~ p I.-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

± -
~~~~~ 

E~~

t I

~~~~~ 
{

T 
1~~ 

-
~~~~~~ 

-

- ______

___- — 

~~~~~~~~~~~~~~~~~~ 

._j ~~~L1~ ~~~~~I

- ±
~~~~~~~

.- __ i _ _  . 5  - -•---- r- -
~
- - -

~- 
I 

I — , _ i
~ 

— 4 ‘ -
~~~

— I —
’

i_~ 
I -

~~~~~~ r ~~~~~~~~
-— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— _ _ _ _

~~~~ ~~ r ~~~~~~ 

— - — — s - — —  — — - -

.5 —~ 
I 

- I s -  - 
I —t a

- I 
~~~~~~~~~~ 

r~~~~ T~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_ _  I i :’

_ ‘._

~ 

_ -—1-~~ -~ ~o m

I 
I I

II ~ I~ I 11 
~

_ _ _ _ _ _ _ _ _ _ _ _ _  

-

_ _ _

_

_ _ _  

_ _ _ _  
I I

_____________ 

~ 
~~I ~~~ ~~~~~~~~~~~~~ 

I~

8 4 ~ l ~ S~~~~~~~~~~~~~~ I 
I L - t 

~~~~~~~~ ~~ ~~~
.

- 
.4 

~~

MscRoN~ DIA METER • 
3 .1- 13

~ £ L L C RIV4IC~ INOU S?RI4 I. i,v . 
~~~~~

—o,l,’
,~~.._u~~z_o*~y 191Z1173 1

5-

~~~~~~ ~~~~~~~~~~~~~ -



r~
’- S .4 — - —s_55- .S._5-_~~~~~~~~~~~~~~~~~~ --5-- 5 - .4 —4s-- ——— ~ 

.4__~~-~~~~~~~_  
~~5~~~~~ - ---~~--~~~~

—,s-

I 4 
-:: ~ . ~~~ ~ ‘1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5- . ‘:‘ - - 
‘. 

I
. 

i _ .~._;~~

r -S-- _ _
~~~~

___

~ 
~_;S.S.~• .5. ,

,5ff . Parti cle_ Siu fl1st ri but jm~n o~ ~~~
E5-i:~ ~ .~.L; ~~ ~:;4. .~ j I~I~-j 1; ~~~~~~~~~ 

1t 

~~~~~~~~~~~~ ~~~~~~~~ from LOFI F i e l i cop te r  

~

~~~~~~ -~~.- :~:~~~: . ~ ~ ~~~~~ r-.~~ : ~~~~~ 
~~ ~~~- 

~~ ~ 
0 $sa,~~. #5 See Dust Samp l a. 

•

— .4. —r.~- 
~ 
•-:i~- 

I __ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1i~
D Sample #8 _~_ ~~~~ rr -1a ~ a o~~SIee t ~

~~~~~ .~~.:.:
‘
. i :-: 

-: 
~ 

I . :  ~ . : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~ ( 

-

::~~~: ~~ ~ ]. :: :n:~ ~~~~~~~~~~~~~~~ 
- : f ~~ ~ 

Sample #9
- I  ~ ~ .-. - . ~~~~~~~~~~ J~~4~~4~4. 4Il$~j,4 .~ .14.444— — 

J__ S.
.€ .5 ~~~~ 

..55
~
_5_.4 

~ =.
~~

_ — 

S.. 
Teat conducted _ November i966 ~ ________

r ~:1ri I -. tI 5- 
Yu.m Test St a t i ’n

- -I 
:~t-~ 

T~~ 2 P ~ 
-L.i_ I ~ ~OQ~~~~~~~~~~~~~ OS~~ ~~~~~~~~~~ a

I1J~~~
l 
~~
:-:: ~ -

_ _  

II I ~II~ 
1

)

H t 
t

S .t  
_ _ _ _  - — 

~-~— 
~~m ~~ ~~

— I ~~~~~~~~~~~~~~~~~~~~~~~~~ ---- :
‘ 
— - -

~ 
j ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - 

- - 
~ * 

- T~~ —

~~

_ if ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _

- I - - 

~~ 
I~ 

- 
I 

-

~~~~

~~H I ~~~I °~

~~~~~~~~~~~~~~ 
I 

~~~~~~~~~~ ~~~~~~~~~~~r=~~~~

- - 
~~1 — . 

... , a~~o4

.4., -- 4.-. -. . 
7

- 
, - . 

- 
. a~~~os

xx,
II I I I  . 1  I L —.  I I

I 1 4 1 I 4 2 5.3 3 I 400 4 0 5.1 5 $ 4 S 5 400

M~C DIAMETER 3 1 14
£4.ECT~~ON4C0 JNDUO?RS 31V. loll ~ 111VP114 0 CH c * 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

k1211—74 1

— .5-- .5-5 —--~~~ —~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~~ —~~~ 5--. -5~~~ ~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~ -— ~~~~~~~~~~



p.— . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - -‘—.4 - --.5—— ..—.——- - .-.- - ~~~~~~~~~~~~~~~~~~ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ty

F !Zure 1 3 . .

I 4 ~ 4 7 I I 1 I 3 5 5 $  3 4 3 5 - I I x I S  2 1 3 • I 4 7 I I ~‘I~
. 

1 j ~ 
1 ~~ ~ 

i; I 
~~ ~ 

I ~ ‘ I I ~ 
I ~ ~ ~ ‘ ..4 — ~~—2~r-I—-’- -~ ~8

.5 — I’ . I ’ ’ f ’ - I I I ~~~~~~~’r— - -- —t- ~~~~~~~ ±5.- ~~~ -~~~~~ ~- —
~
1-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r. ‘ F t c 1 ~ “‘

. . ~~~~~~ . ~ I - I I ~ s~.4 - 1 ~- - I- -’I ~ 1
::: - ~~~.. 

-
~ 

- 

~j:._ .J.~ . . ~ t . :_ ~ + t~ i~
_
~.-~4 Test Sa ioa ple for 1.041 . e 1 a ~ ~t c L  ~

~___.~. ;i!~ .~1’ .; -.i-i~L. 5- 

~~~~~~~~~~~~~~~~~~~~~~~ 
0 Sarr -~ I~~~iO S , D ~~, ’ ’ ~a-~~~ m

ii;!. ~~~ 
I 

I~ 

Sample #11 .~~ rr 8 t10  I

_ _  
~~~~~ 

-- -
-h 

~~~~~~~~~~~~~~~~~~~~ ~~~ 

~~~~ - -

I I I 
~~~~~~~~ 

Tm~~~~ co n d u ct e  v 
— 

- - 
I _ -- ‘ jj~f : .. 

~~~~~~~ 
Yume Tc-~ t ~t . . ~~ n

_ _ _  _ _ _  
- r

I - 
I 

- I _____ 

~~~~~~
— 

~~~~~~ 
.4__J_5_• .4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ±-.--- -

-

- T I

- 5- -  _ _

___
I 11 -- - 

I 

1 1  ~
-: 

~~~~~~ I 
-— 

~~~~~~~~ ~~ 1I.- - . - I 
~

.:.._ I —~ - 
I 

-
- --- j 

~~~~~~~ 
. .

~ -
_ _ _  

-¼
~~~ ~~~5-

~~~~~~~~~~~~~~~~ 

- 

4

~~~~

I Ik1iL

~~~~

t

~~ 

~ 

~ 

1,

.

~~~

1 

~~ ~J!~~ 
II III

_ _ _ _ _ _ _ _ _ _  ~ I ~ ~~~ 

I~~ I

?~~~~ 

~~~~~ 

~~~~ 
~~~~~~~~ .5 Z I S  I 

_____________

M$C~O1~~ DIAMETER 3-I - 15
4 ~ LCCTNONICS ~N~~Ufr *IAl. OSV ISIS S •NSCCIII.D CHICA.. ~4 2.4. 

~~~~~~~~~ ~~1ffiIt? I

- - -‘— .xx - -

p 
—— -5-— .-~~~~~ 

- 
~~~~~~~~~~ ~~~~~~~~~~~ 

_~~~~~~ S.~~~ — 
~~~~~~~~~~~~~~~



- 5-  .~~~~~~~
- -~~~~~~- - ----~~ - --~~5-.-----

,- -- -~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .4- -

I I 

~~~~~~~I F ~~~~5J 
~~~~~ 2 2,$ J

._........
4 3 3 I I S O ~~~~~~~~~~ I~~ ~~~2~ ,~~~ ? m I  •~~~~~~~~~ I ? $ S ~~ 2O4

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
- 

~~~~ ~ ; ~
--t P.~~t i c le Si ze D . s l t i b u t i  ~~~~) ‘ ~ F ~~ - Id mi

-. 
- -  

- 

~::. I .  - I ! - - 

~ ~
:-
~ ~.

- 

~ ~~~ ‘~~4~’~~~ - ~ t~ 
I 

~ I Tes t  S . . r n 1 , l -  Ir lm LO Ft e l i c o p t e r .~~~~~~~~~~~~~~~~~ 
~—::::~ :~

-
_ ~~~~~~~~~~~ t : 1e~~~~~~~~~~~ 1 :

r 2 j 
~5 

t ~~~ ~~~ 
I ~ ~ 

A S a m p l e  #16
~ 

I 2 ~~~ I- I I5- 
~~~~~~ . ~ ;; . : 1::.. , ~

-—
~
-1

~ ~~~ ~~~~~~~~~~~~~~~~~~ ~~ 

Sample # 17

-5--- 

I 
I ~ S. ~~~~ 

__-5 ~~ ~~ 
~~ 

\~\ ~ ~ Test c o n d u c ted N ~~m ~r 1966

f— i_ —.~i. .
~
. -_ L 4 L_j _1 ._~: 

Yulno Xe t St a t I

t I- .~ - 11 i ~ ~ ~ ~ :-1_~~:~~.. 
- ‘- T  . ~ ~~~ ~ a ~~oa *A .  ~ . 2 8  ~ .5 

~~~~~ ~ ~~~~~~~~

J~ 4~
4 
t~: ‘

~ ~~~~~ 
~~~~~~~ 1

I
:~~1

_ _  

~ 
~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~ 

- : .  :~~~~~~~~~~: 

~~~

~ ~~11~ ~~~~~~~~~~~~~~~ 
-f~-

±~~: 
i
~~~~~~~~~~~~~~~~

4 I
r+

tJ
~~~~~~~~~~~~~~~~~~~~~~~~~~

4±: t :

I H ~~~ _
- - ~~~~~ _~ _~~1 

~ -i.4~~~
_ _  J JL ~~L _ _ _  

2 . 2  

~~~ 

_ _ _  

~ ~: Jr 

!~ 
~ 

_ _ _~~~~~~~~~~~~~~~~~ III ~~~~~ 
~~~ ~~ I 1 

________ 

I 

~~~~~ Ill
____________ ~ ______ ~ I ~ ____

~ J~flI~~~• ~ 
-
~~1- 2-r—

~r~
- ~~~~ 2 ii4~tiifli

~~~~~~ ~!~t It~11II~1t~I1 —..+—-4. 

. 1 ,  
It~lI~IIt I I ~1 

1 1 1 1  

~~ .5 2 2.. 
~ 

I r1 tI $Ii~~itI~

MK~~O4 DIAMETER - 3-I - 14.
P (LECTROP4ICC IWDUI1NIA1L. OIV. 54.3 ~a SSS~~32(4.0 C3IC~ 0O a ILl. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

912

•1
4

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I 

- --  —~~~~~---~~~ --.5—— —~~ ~~~~~-- ,--~~~~~~~~ .4-. ---- -- -~~~~~~~ .5 ,—.
----~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



r~
- - ~~ - - - -.4--- - - - - - - . 4. -. —--- -- -—-—-— —---5- .4—. —-- -55.4 -5— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~
-5— —

1~~ —Fkg1~r~’ 15 .

I 4 5 8 I I 5 142 I l  2 7.5 3 4 5 4 ‘ I S IlO .5 2 24 2 . 3 4 1 4 3 ’24I
—.— . , ~:. I I ~ - ‘ ~~ ~ 

- .4- 5 . .- 5- --5- --5— .
~-. IS a

_±~ ~~~~~ ~~~~ ~ ~ ~~~~~~~ ~ - +... ... ..- - 
- 

. 
_
—4- P a r t l c  IC  S it e  DIn I lb n . t  I ‘r’ ~ : - .~ id

~~~ t 
2 S.LL~~~~-5 -~i~4~~ 

;1t
~~:: :t~~::~~~ 

~~~~~ e lIc0ptt r 
- 

~.

~~~~ ~~~~~
_ :: ~T~! ~~~~~~~~~ 

_.:r~r~L:~S. - 5~..1S. ~~~~~~~~~~~~ ~ f r o t t o  S

-~~~ 

~~
-). - 

. -:
~ I ~ 

- !- : 
~~ 

I - •- ~ I 
~~~~~~~ ~ ~ ~~~

‘
~~~

‘ 
~~~ ~~i.4. .4._ I- - 4-- I I ~ t 

,. _ . 
~

~~
-t— 

~ 
:~ --h- ~~

— -  : ~~~ :± ::4 ~~~ - ~~~: ‘
~ 

N

..::: . . ::i . ~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

— - -  —.4 -.4 - - -- - -

~~~~~~~~~~~ ~~~
‘:

~~~~~-: -
~~

-

~~~~~
— 

- -
~~ -

~L ~~~~~~~ .;::~~~~~~~~ ~~ 
: — -

~~
-—•--

~~~~ 
T~~t ~~~~~~~~~~~~~~~ N~vtmb~ r 9~~ .

I -L~ L— ~;!i 
S 

~ S.~ 
Yuina Te Statla n_Ii: ~~ :~~

-- ~ ~: ~
~~~:~~~:: ~~~~ ~ 

_ _

i~: 11 iLiI1~ I ti~TIV: ~~~~~~~~~~
- ~~~~~~~~ -- P I 

1 
2. 1 .

.4 .. 4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •r—- .•
~~~

-5•-
~
2—- 23

— - — - 
I I I - 

I

1 ~~ -  ~1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i _ •~
_. 1~ - - -  

~~~~~~~~~~~~~~~~ ~~~~~ :::i~~ -~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

: L4 — . . ‘  ...: 
- 

- . :  ~~~ -

;

~

:::

~

::

~

. :

~ 

.... .. .
~~~~~~,

- ,  
I~
-5
~~ 

- 5-
~~~~~ 

I - .

— 
~~I 

, 
. 

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~
. -~~~~ ,

~~~~~~~~~~~~~~~~~~~~~~~ 
- 

I~: ~~~~~~~~ .!:~:t ~~~~~~~~~ : : ~
‘
~~~~4---~~

~~

- 1t~ t~t -_ 
-

~~ 

- --—f-h

f1~1-~14---~
-- 
_

~~~~~~J~~~~I
— 

I
_

I
_
~

_ _  
~ 

- 

~~~~~
-t 
~~~ I

~~~m~1wIi -L.~- 4111~111d.~ ~
1 -~.0t14 tA.~i.~~~~~~ 

~~~~~~~ . j~5~ 
~~~~~~~~~~~~~~~~ I 

~
1I_t_2j

~ ~~~~~~~~~~

I 
- 

000 1

0(423

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. a. 

11 1 4 1 
I I

I I  I 2  I I  , . , ~ — I

2 3 5 / 4 I .0 2 2.5 3 I I A P S S 30 .5 2 2.0 3 * $ S S 5 ‘304

MICROPE DIAMETER 3- I - l i
3 £LaC1~~ONmcs INDU$YRI 4L I)IV I’ll — •IIICPIILD CS•C* ~~~ IC. ILl. I~

9121E 77

_ _ _ _ _ _  

I

- — ----.4— .4 -—- -5— — —-5--- .4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -..-—-.4’——.—-—..—— ~~~~~~~~~~~~~~~~~~



--- .4- - ----

Figure 16.

Balance Piston Sea l Radius

Average Seal Radiu s (In .)
Engine Before Alter Radius Increase (In.)

400190 2 .0794  2 . 0874  . 0080

400191 2 . 0824 2.0844 . 0020

400192 2.0798 2.0814 .0016
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f~~ure 17.Blade and Vane Frequen Te~T Eng ine S / N  400190

Blades

New Post Test Frequency Change
Stage Hi gh A v g  Low Hig h Avg Low CPS Percent 

-

1 1673 1631 1571 1681 1639 1587 +8 0.5
2 1821 1777 1749 1863 1820 1795 +43 2.4
3 2542 2499 2452 2627 2576 25 24 + 77 3. 1
4 3574 3479 3355 3669 3569 3511 +90 2.6
5 4513 4330 4130 4627 4424 4235 +94 2.2
6 5450 5286 5123 5607 5448 5292 +162 3. 1

Vanes

New Post Test Frequenc y Change
Sta ge Hi g h A v g  Low Hi gh A v g  Low IJPS. Percent

1 932 907 860 914 882 812 -25  2 . 8
2 947 919 894 903 856 832 -63 T . 4
3 1558 1470 1385 1441 1353 1253 -117 8 . 6
4 1952 1888 1832 1811 1719 1673 - 1e9  ~~~. 8

5 2466 2378 2256 2385 2243 2140 -135 3 . 0
6 2380 2245 2145 2174 2066 1991 -179 3.3

3-1- 19
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Fi~~~re 18.
Blade and Vane Frequencies, Engine S/N 400191

a
Blades

New Post Test Frequency Change
Stage Hig h Av g  Low High Avg Low CPS Percent

1 1 742 1698 1644 1739 1699 1646 +1 0.0
2 1791 1786 1762 1816 1792 1769 +6 0.3
3 2 r20 3  2560 2489 2611 2569 2499 +9 0.4
4 3t31 5 3557 3480 362 7 3569 3492 +12 0 . 3
5 4675 4502 4368 4704 4517 4400 +15 0 . 3

5 7 7 6  5 3 3 1  5 3 5 2  5 7 9 6  5 5 5 0  5 3 7 1  + 1 9  0 . 4

I
Vanes

New Post Test Frequency Change
Stage High Avg Low High Avg Low CPS Percent

1 865 848 819 855 842 815 -6 0.7
2 1001 934 890 989 919 868 -15 1.6
3 1554 1443 1322 1530 1423 1301 -20 1.4
4 1966 1915 1822 1935 1875 1731 -40 2. 1
5 2729 2587 2501 2676 2542 2450 -45 1.7
6 2417 2289 2223 2399 2249 2149 -40 1.7

.11
3- 1-20
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Figure 19.
Blade and Vane Frequencies, Engine S/N 400192

Blades

New Post Test Frequenc y Change
Stage Hig h Avg Low Hi gh Avg Low CPS Percent

1 1 741 167 1 1625 174 1 1672 1622 + 1 0.0
2 1828 1801 1777 1843 1813 1796 +12 0. 7
3 2660 2574  2 5 3 0  2687 2 6 1 8  2554  +44 1.6
4 3545 3410 3249 3580 3445 3273 +35 1.0
5 4517 4413 4334 454~ 4441 4363 +28 0. 6
6 5699 5535 5199 5765 5586 5245 +51 0.9

Vanes

New Post Test Frequenc y Change
Stage High Avg Low High Avg Low CPS Percen t

1 908 871 811 896 856 789 -15 1.7
2 946 907 859 922 870 81~ -37 4. 1
3 1539 1419 1255 1470 1366 1230 -53 3.7
4 1999 1950 1921 1947 1876 1837 -.74 3.8
5 2591 2511 2426 2530 2411 2354 -100 4.2
6 2418 2361 2288 2353 2288 2193 -.73 3. 1
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Fig ur e  20.
Engine Performance DataTEng ine S/N 400190

Power Settmng 75% 90% Nor MIL

Before Dirt Ingestion

TOT °F. 1148 1226 1280 1380
Shaft Hp. 236 278 300 342
M m .  Allow. Spec. 203 243 270 317

% Var. from Spec. +16.25 +14.40 +11 . 11 +7.89
Spec. Fuel Cons. - 700 - 682 . 674 . 667
Max. Allow . Spec. . 762 - 725 - 706 . 697
%Var. from Spec. - 8.13 -5.93 -4.~~3 -4. 30

After  Dirt Ingestion

TOT °F. 1148 1226 1280 1380
Shaft Hp. *197 *237 *266 ~o 3J5
M m .  Allow. Spec. 203 243 270 317

% Var. from Spec. * -2.96 *-2.47 * -1.50 * -0.63
Spec. Fuel Cons. * - 785 1:1 . 740 * . 718 * . 692
Max . Allow. Spec. - 762 - 725 . 706 . 697
% Var. from Spec. 1:1+3.02 ‘1 +2.07 * +1.70 -0.72

* Asterisked numbers indicate engine performance out of spec , limits.

Percent of Perfo rmance Depreciation

Shaft Hp. -16.5 3 -14. 75 -11.33 - 7 . 89

Depreciation (%)
Spec. Fuel Cons. +12. 14 + 8.50 +6.50 + 3.75
Increase (%)

3 - 1 - 2 2
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- — — . 4 — -- — —~~~
.4 -5— — -  —.4 —-~~~~~~~~~~~~~~ . .. --  ~~~~~~~~~~ . - - - ..- - ~~~~~ -— ~~~~~ -— - -~~~~~-5- -— - ~ - - -~~~~~~~~~~~



- -  .4~~~~ - _- _, .__... - -  ... ~~~~~~~~_ ._ __ ‘ ‘  , ,~~~~. 5 - 5 - ’ — 5---5-•” —

YC~ OFFICIAL USE O1~IV(

Figure 21.
Engine  Per fo rmance  Data , Eng ine S/N 400 191

Power Setting 75% 90% Nor MIL

Before Dirt Ingestion

TOT °F. 1148 1226 1240 1380
Shaft Hp. 237 275 301 346
M m .  Allow . Spec. 203 243 270 317
% Var. from Spec. +16. 74 +13. 17 +11.48
Spec. Fuel Cons. .705 .679 .672 . 658
Max. Allow . Spec. . 762 . 725 . 706 - 697
% Var. f rom Spec. - 7 . 4 8  - 6 . 34 - 4 . 82  - 5 . 6 0

After Dirt Ingestion

TOT °F. 1148 1226 1280 1380
Shaft Hp. 231 2.69 297 340
M m .  Allow. Spec. 203 24~ 270 317
% Var. from Spec. +13. 74 +10. 79 ~-l0. 00 +7.26
Spec. Fuel Cons. - 722 . 693 . 680 .667
Max. Allow . Spec. - 762 . 725 . 706 . 697
%Var. from Spec. -5. 25 -4.41 -3.68 -4.30

Percent of Performance Depreciat ion

Shaft Hp. -2.53 -2.18 -1.33 -1.73
Depreciation (%)

Spec. Fuel Cons. + 2 . 4 1  + 2 . 0 6  + 1 . 1 9  + 1 . 3 7
Increase (%)

- 
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Engine Performance Data, Engine S/N 400192

Power Setting 75T’~ 90% Nor  MIL

Before Dirt Ingestion

TOT°F. 1148 1226 1280 1380

Shaft Hp. 242 282 310 352

M m .  A l low.  Spec. 203 243 270 317

~~Var . from Spec. +19 .21 +16. 05 +14.81 +11.04

Spec. Fuel Cons. . 687 . 665 . 656 . 653
Max. Allow. Spec. .762 - 725 . 706 . 697
% V a r .  f rom Spec. - 9 .8 4  _ 8 . 2 1c1 - 7 . 0 8  - 6 . 3 1

After Dirt Ingestion

TOT °F. 1148 1226 1280 1380

Shaft Hp. 231 273 299 347

M m .  Allow. Spec. 203 243 270 317

% V a r .  f r o m  Spec. +1 3 . 7 9  + 1 2 .  34 + 1 0 . 7 4  + 9 . 4 6

Spec. Fuel  Cons.  . 712 . 680 . 667 . 655
,\Irix . Allow . Spec. . 762 . 725 . 706 . 697

~ Var .  f rom Spec. - 6. 5 6  -6.2 1 ..5.5l -6.03

Percent of P er f o r m a n c e  Depreciation

Shaft Hp. -4. 55 -3 . 1 9  - 3 . 5 5  - 1 . 4 2
Dep r eciat ion (%)

Spec. Fuel Cons. +3.64 +2.26 +1.67 +0.31

I n c r e a s e  ( 7 )
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Fi gu r e  23 .
Turbine Nozzles Flow Area  Changes

New Build Af ter  Dirt  Ingestion
Nozzle Area (in. 2) Area (in. 

~
) % Area Change

Eng ine S /N 400190

1st—Stage Nozzle  3.44 3.50 +1. 75
(P/N 6845911)
2nd-Stage Nozzle
(P/ N 6850944) 5 . 2 9  5 .2 4  - 0 . 9 4
3rd-Stage Nozzle
(P/N 6829013) 8. 79 9.00 +2. 39
4th-Stage Nozzle
(P/N 6850943) 11.66 ii. 77 + 0 . 94

Engine S/N 400191

1st-Stage Nozzle
(P/N 6845911) 3.50 3.62 +3.44
2nd-Stage Nozzle
(P/N 6850944) 5.17 5 . 2 3  + 1 .1 6

3rd-Stage Nozzle
(P/N 6829013) 8. 75 8. 91 ~ 1.82
4th-Stage Nozzle
(P/N 6850943) 11.87 11.99 +1.01

Eng ine S /N 400192

1st -Stage Nozzle
(PIN 68459 11) 3.41 3.58 +4. 98
2nd-Stage Nozzle
( P / N  6850944) 5. 11 5 .  17 + 1 .  17
3rd-Stage Nozzle
(P /N 6829013) 8. 72 8. 91 +2.  18
4th—Stage Nozzle
( P / N  685 0943) 11 .75  11.84 + 0 . 7 7
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APPENDIX II

TEST AND CLEANING INSTRUCTIONS FOR THE
LOH AIR INLET FILTER

FURNISHED BY THE MA NUFAC TURER

Aircraft shall be flown w~~h f i l te r  instal led according to the A r m y  te st
schedule until the ~p across the fil ter reaches 4” H20. This will beindicated by a light in th e cockpit. Pilot shall land as soon as possible
alter this indication is given. If -.p rises excessively the bypass door
will open permitting f ree  flow of inlet air bypassing the fi l ter  element.

To remove fi l ter , release the 13 Nylatch fas teners  securing the retain-
ing strips around sides and f ront  of fi l ter  and remove retaining str ips.
Filter may now be removed fr om supporting s t ruc tu re , however if exact
weight of dirt  picked up by the filter is to be r ecorded it would be advis-
able to sli p a pla stic bag ar ound the element  or to in se r t  a pla st ic sheet
under it to collect any dirt which may be lost during removal ,

To remove filter from the top fa i r ing the ed ges must be rolled up around
the unit to permit withdrawl through the side access opening.

If the bypass has opened it would be advisable to close or re set  it while
the element is removed.

R eplace a clean filter by again rolling up- the ed ges around the unit and
inserting it throug h the side access opening . TLe rear ed ge of the filter
should be engaged f i rs t  ensuring that it is pr operl y irisertea into the
groove provided by the rear support s t ructure  member.  Next r e p lace the
side anci forward  retaining strips.  Ensure that all the Nylatch fas teners
are lined up properl y with the mating holes in the s t ruc ture  befor e pressing
them in.
Clean the dir ty f i l ter  element as following:

1. Rinse filter out from back to front using a low pressure  stream
of water to remove the majori ty of entrained dirt.

2. Immerse  f i l ter  in a container of warm water mixed with a low
sudsing detergent. Depth of the solution should be sufficient to
completely immerse the filter in an upri ght position. Water
tempera ture  should not be over 120°F . Holding the fi lter  by

3-lI— 1
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one end gently agitate it up and down several times in the
solution.

3. Rinse  out in a container of clean water or f lush  off wi th  a low
pre ssure  s t ream of clean water .

4. Shake out excess water and place in sunli ght or a wa rm dr y
area to dry before reuse. If compressed  air is used to remove
excess water caution must be observed to prevent damage to
the media from a direct blast of high velocity air.

NOTE : If no de tergent  or tank is available filter may be flushed out
using onl y a low p r e s s u r e  s t ream of water .  This of course will
not remove discoloration due to oil or grease.

3-11-2
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