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In compliance with Item 4b of Refe rence (a) - Modification
Acc eptanc e of “Changes to Statement of Work and Services ” dated
12 August  1976 , tests were conduc ted at Fort Story , Vir ginia on
23 November 1976 for the purpose of quantitatively validating that
95% of the sand introduced into the LACV-30 Air Management System
is removed by the filtration system prior to the engine Inlets.

Test Equipment

The contamination measuring system employed was the air
sampling system described in Reference (b) for approximate isokinetic
conditions at the engine plenum inlet and in the vertical duct of the
air management system. The schematic of this sampling system and
the carpe t plot of probe flow rates as a function of engine horse-
powe r conditions and Internal probe diame ter have been reproduced
here in Figures 1 and 2 for convenience. The flow capacities of
readily available vacuum pumps were such that 0.375 inch diameter
stainless steel tubing with 0.035 wall thickness was selected to
make four probes. Three probes are located at the entrance to the
engine Inlet plenum and one Is located in the vertical AMS duc t as
shown in Figure 3.

The sampling probe system was fabricated and check tested by
the Instrumentation Laboratory at Bell Aerospace Textron. The inlet
ends of these probes were chamfered on the outside surface so as to
present a relatively sharp edge to the airflow in the ducts . The
anticipated duc t flow velocities were calculated to be 63.~4 fps at
the Inlet to the engine plenum and 67.24 fps in the vertical AMS duc t
for the prescribed engine operating condition of 1000 horsepower .
For the four 0.375 inch diameter probes and the known vacuum pump
capacities a probe flow veloc ity of approximately 65 f’ps was
expected. In actual fact , the vacuum pumps were capable of produc ing
probe flow velocities ranging from 53 to 55 fps during the tests ,
somewhat lower than those for isokinetic conditions , but not
unacceptable

The filters and filter holders employed in the sampling probe
system were procured from Millipore Corporation , Bed ford ,
Massachusetts . The filters were 47 mm (1.85 inch) diame ter
Fluoropore discs with 1.0 micron pore size (Cat. No. FALP 04700).
Other MF-Millipore filters with 8 micron pore size were also
purchased; but laboratory tests revealed a tendency for these to
absorb more moisture from the air than the more hydrophobic
Fluoropore filters and produced greater inconsistencies in the
measurement of filter weights. The filter holders (Cat. No.
xx43-04r00) accom~dated these filter discs and provided approximately
13.8 cm d (2.14 inc) or ~0 perc~ ri t of the disc as filter area.
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Pre-Test Sampling System Checkout

A series of laboratory tests w.~re performed to evaluate the
sampling probe system and establish the test techniques to be
utilized during the vehicle tests.

The accuracy with which the weight of the filter discs could
be determined was accomplished by weighing ten filters on three
successive days . Except for the short period of time during the
weighing process , these filter discs were stored in a dessicant
controlled environment. The repeatability of results contained
j~ ~~~~~ I indicates a probable accuracy of filter weight measurement
within ±0.25 percent , or ±125 micrograms .

Laboratory tests were performed during which the sampling
system was run for approximately one hour while irx~uc1ng the
relatively clean laboratory air. The purpose of these tests was to
determine the actual probe flow rates attainable as well as the
change in pressure differential across the filters with time under
these low contamination conditions . Table II summarizes the results
of these sampling system checkout tests . During these tests , the
filter disc In the middle probe (No . 2) was placed in the filter
holder in the reverse orientation; that is , the face presented to
the flow was opposite to that of the other three filters . From
Table 11(a), It  can be seen that this or ientation of the f i l t e r
pr oduce d an ini t ially slightly higher pr essure d rop , but that  the
increase in pressure differential with flow time was not appreciably
different from that of the other three filters . For the sake of
consistency during the vehicle tests , the four filters were all
Installed in the manner to produce the lower initial pressure drop .

Probe flow rates were measure d period ically during these
laboratory tests of the sampling system by means of a flow m eter.
Table 11(b) contaIns a representative sample of one set of these
measurements together with the corresponding calculated probe inle t
flow velocity . These measured flow quantities were later employed
In evaluating the total contamination in the inlet air management
system and engine plenum inlet flows during the full scale LACV-30
tests.

As a matter  of interest , the four filters used during these
laboratory tests were weighed before and after the approximately
one hour of run time . A fifth (control) filter was exposed tc the
same type of handling , but no airflow . The results of this check
are contained in Table 11(c). The four filters accumulated approxi-
mately seven times the weight of contaminant as the control filter
even though the a~ r i n d u c e d  into i;h~• sampl1ni~ probes was the normal ,
relatively clean labora t ory air. obviously , particles of the order
of one micron in size were preseri I~ and being stopped by the filters.

• Similar results could be expected with this probe system (luring any
tes ts conduc ted in an uncontaminated environment.
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• TAF~LE II. SA~1PLI NG S Y S TE M  I~~H0RAT0RY TESTS

(a) Filter Pressure Drop

Filter Pressure Drop (PSI)

Probe 2. 2* L ~ I ~Time Engine Inlet Plenum Stack
(mm .)  I

0 N.A. - Impr oper Pump Se t t ing
5 1.87 2.18 1.5° i.88
10 l.C~1 2.20 l.u3 l.r)~4
1) l.°~ 2.21 1.(’~ l.~ (
20 l.-~’ 2.23 l.~,(. 1.98
25 1.99 2.25 1.68 2.00
30 2.01 2.2t 1.70 2.01
35 2.02 2.27 1.72 2.02
40 2.05 2.30 1.7)m 05

• 45 2.07 2.32 1.76 2.09
50 2.10 2.35 1.78 2.11
55 2.15 2.36 1.80 2.13

• 60 2.15 2.39 1.81 2.15

P & ~~~ 0.28 0.21 0.22 D.27~
Increas(. 15 10 iLl. iLl.

*Fjlter Reverse in Holder

(b) Sampling System Flow Rates

~“i1ter Probe Flow Probe Velocity
Probe Location ~~P ( P s i )  (SCF M) ( FPS )

1 (9ot. 2.18 1.65 54
W~~~~ I

2* .~~~ < M1d 1.91 1,68 55
bO LD )

3 ~ H (~TOP 2.10 1.67 55

_____  
Stack 2.36 1.63 53

*Fj l ter Reversed in Holder
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Table II ( C o n t . )

(c) ~ilter W~ ights

Weights (Grams )
Control

Probe 1 
- 

2* 3 4 Filter

‘re-Test 0.054084 0.054761 0.055269 0.057160 0.049018

‘ost-Test 0.055766 0.056576 0.056903 0.058453 0.049239

Contaminate 0.001632 0.001815 0.001634 0.001293 0.000221

Average 0 001594
~ontaminate

• *Filter Reversed in Holder

I
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A n eal che ck on  t h ~ s y s t em  was made w h e re in  a small am U n ’
of eand oh 1oElrE .~d at  ‘e r t  sto ry  was p u r p o s e f u l ly  I n t r o d u c e d  1 fl~ C CU ’
of ~he sampling :-y s t . Im probes w h i l e  m o n i t o r i n g,  the  pressure ~~ pacross I l ot  t i lt e r  and one o t her .  [‘he r e s u i tl ig  p r e s s ur e  d rop

h’ f i l t  o r war not  measurably iifferent t han ~L a t  I e t r s i n e  i
t ’ rom she pr e v i  C U S  t ’J . ow te  ~s . 1 nr p . c ‘•i on of the  f i l te r  shc .w ~~1 t h a
the L a r g e r  particles ha been th rown outward along tL.~- lfl s l i e  cf
the ‘

~~~~~

“ r~no which r ’alel th.~ two ha lv es  of the filter holder
t og.I t})er. ‘h i s  was OI l  ~oub~ ’nily due to the flow dIrec~ irig ::ir.es
mol •i’~J m t  t h i  I ~e on t ie inle’ cap of the filter holder. •1.is

t 4 ~~ t was perf’ur~r:~ d wico : nce with t he  filter }:c’rizor~ta1 and cnce
with it vert ical , with similar results.

rJ\c’v—30 Fort ,:~ ory Test Results

lao sampling probe system was Ins talled on L~ cV-30—l at i ’ crt
St C ry , Virginia. bc pertinent parameters employed in the analysis
of the data obtained is contained in I’able T IT.

The tests were conducted primarily on the  ov er land  tra~ n i n~
course at Fort Story . t b  the sampling probe system inoperative
craft engines were started and accelerated t o  and m a i n t a i n ed  b e t w e e n
1000 and 1100 eshp . A sequence of slow maneuvers was then executed
with the sampling system operating. The maneuvers were aimed at
keeping the craft engulfed in the cloud of sand and Just iisturbe i
by the efflux of air from the cushion . The craft was cperased in
this :)cI flner for a total time of approximately 22 minutes.

A fter shutdown upon return to the base , it was found that an
inadvertent spill:ige of oil on the belts and pulleys of ~he vacuum
pumps had caused some slippage at tires during the  tests. This
resulted in a reduced vacuum being d rawn on t h e  sampling system and
produced lowe r flow quantities and velocities in the probes. This
condition equally affected the thre xe engine plenum inlet probes and
the single AMS stack probe . Since the Important factor was the
ratio between the contaminants collected on the filters in the engine
plenum inlet probes ond in the AMS stack probe , It was concluded
that the data recorded would provide representative results.

[‘he filters were carefully removed from the sampling system ,
packed in dust proof containers and shipped to the Bell Aerospace
lextron Tnboratories for analysis. rho filter w e i g h t s  before and
a f t e r  the Fort Story tes t s  were t abula ted in [‘abies IV and v .

‘able TV contains the f i l t e r  w e igh t  data recorded  on three  success ive
days prior to the tests , from which ave rage clean filte r weights were
determined for the a n a l y s i s .  i ’nble V contains the filter plus

• contaminan t weigh t data after tb Lis t e  for  t h r e e  we ig l it i g s  made
a f t e r  d i f f e ren t  leng ths  of storage t imes i ti  a dt ’ssican t, con t ro l l ed

• a t ) n ( ’s .p he r c . Since the data show tie consistent weigh t t rend with
st c r’age time , the averages of these three weights were taken for

a 
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I’APLF ’ I T T .  I i 1~ F I :U ST V1’?T PARASF ’ERS

FN~ ~TflF }~~~lJUM INLE l

( _______ I :‘FM ( -  IS SIDE ) AMS S ‘ACK

l lc:w Area per
Side (:q. Ft . ’) 2.7i (- .~ ~

Flow Velocity (FPS) t3 .~

1 10w Quantity
per Side (SCFS ) 176.8 450.2

(SCFM) 10,609 27,014

PROBES (EACH)

Flow Area (Sq. Ft.) 507.4 x l0 ° 507.4 x lO~~

Vlcw Velocity (FPS ) 55 53
Flow Quantity (SCFS 0.02773 0.02713

(SCFM 1.664 1.628
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TABLE TV. PRE-TEST FILTER WEIGHTS

Date 11/2/76 11/3/76 11/4/76

Rel. i-Ium . 46% 44% 143% 
_ _ _ _ _ _ _ _ _ _ _

Fil ter
No. Filter Weights (Grams ) Avg .

No. 1 (inlet) 0.053149 0.053092 0.053080 0.053107

No. 2 (Inlet) 0.053335 0.053205 0.053261 0.053267

No. 5 (Inlet) 0.049873 0.049447 0.0494)48 0.049589

No. 4 (Stack) 0.051504 0.051274 0.051348 0.051375

TABLE V. POST-TEST FILTER WEIGHTS

(11/24 & 25/76 )
Weights (Grams)

Pre- 3 Hr. 9b Hr.
Filter Dessicant Dessicant Dessicant Avg .

No. 1 Inlet
Filter+JJish 1.453968 1.454041 1.454339
Dish 1.398839 1.398839 1.398839
Filter 0.055129 0.055202 0.055500 0.055277

No. 2 (Inlet)
Filter+Dish 1.445207 1.445177 1.4)45021
Dish 1.390888 1.390888 1.390888
Filter 0.054319 0.054289 0.054133 0.054247

No. 5 (Inlet)
Filter+Tjish 1.443630 1.443605 1.443480
Dish 1.392289 1.392289 1.392289
FIlt,er 0.05l3~Il 0.051336 0.051191 0,051283

No. 4 (Stack
Filter+Dish 1.487280 1.487919 1.487801
Dish 1.395352 1.395352 1.395352
Filter 0.091928 0.092567 0.092449 0.092315

13.
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050  I I I  t h e • t i r t 1 ~~s is . Hile V I  ~al Ul~ttes t b ’  average  w e i g i : t  1c
coti t aminaut  coilec  d on e ’achi (1 the fou r fil ters d uring I he
1J\e V— ~~0 I c ’s ts. b ’ three from the en g in e  p l enum inle  p r c [ ’s l . : i ’.’o

boon :i ye raged o yield a vain ’ of con tamina t Ion weigh’ of I . iSh l b
[‘lie f l i t  or  fro m I h e p robe  in tb ’  v e r t i c a l  du ct etaek ~ c:

t h e  ~ r Mam m~igememm t 1 Sy s t em  a c c u m u l a t e d  a tota l  of U . 0 ~ 0 . k  g rams

Do t er m I n a t i o n  ot ’ the rep r e sen t at  lye con t amina t  ion in i .e o ve r:tI I
due t flow d et e r m i n e d  fr om these probe f i l t e r  values was mad e using
the f o l l o w i ng  re la t Ionship:

1, ~duc tduc t  probe
probe

Wei ght  of contaminant  in a given length  of t ime

= :i ir  fl ow rate

• Values  from Tables TIT arid IV pro duced  the fo l lowing
con tamina t ion :

AMS St:iek

= Q•~14 oq24 o x 2701)4

= ~‘(S . 3 g rams in 55 m inu to 5

T nl et  to each Nm Puck Fl onurn

1 Ot. ~QC

[ni  ct •~~ O. OiUlb ~

= 10.30 grams l i i  25 minu te s

[‘i C’ total contamina Lion to bo Lii N iii Pecks :

W l n let S t ) t a .l X 10.~

-
‘ ~ ~~ ~ I I t ’l t ’ t1115 I t I  25 tnir -i u t e s

I 5’

- • . •



‘1’ABLV VI. 1~ - S P -  ‘ i lS’ ~ MINUS PRF ’- i’i ~s i ’  ( I ’ l L  [‘PR ‘
~~ ~~ i - ~I T h~ ~

Filter 
— 

Averaged Weigh t s  ( I :ra m s)
No. 1 (Titlet )
post— l’ost
Pro— lost-
Re s idue  0 .OO2l7C)

Nc.  2 ( I n le t)  LO

P( - s t— T e s t
P r o - l e s t
Residue o.000°80 

‘I-

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  0
No. 5 ( I n l e t)
P o s t — T e s t
Pr e— [’& ’st
Residue o.oolt ,n) 4

No. ~i (S tack)  I JPoe 1 — [‘os t
P ro — l e s t
Re s id ue o. OLI o( )

~O

1 .~
___________ - -—..~~~~~ - - — —
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Nflcroscopic inspection of’ filter number one revealed a
‘oiieent . ra t ion em ’ 10 micron  sized p a r t i c l e s  at the pore areas  ot ’
I lie 11 1 l et ’ . Scat  t o  r ed ove r the remain ing  area  w e r e  par Li d e n
l a r g e r  than 10 m i cr o n s .  [‘he ma , i or i  t .y o f tie’so were in t h i  r ang~’

i t ’ 20 to iSO m i c r o ns . t’her~’ we r a l s o  a few irregular shap i
n : i r t , i  e L o s  , a p p a ren t l y  gr a in s  of sand , in the 350 micron s i ze  range

• S i t i c e  the 1)aI’I ’ i or f i l te r  i s  ic ’~~i g t t o c 1  to pre vent the  passage of
- • t i l l s  s in e  p a r ti cl e , I b y  tItU S I have e n te r e d  the du c t  sy: t or i l i n te l .

undo t e e  r e d  bolt ’s or c rauks c r  b o r n  i n t r odu c e d  to the system wh om ’
i t  was opened fo r  rou Li n e main temia nce

e L i d e ’  1112 1  ONS

1. ‘the  q u a n t i t a t i v e  test 1 m’esu l  I s  show t h a t  01 p e r c e n t  el~ t h e
:‘ a m i d  a mid  h U n t e i i t et ’ i t i g  t h e  !1A i ’\ — 3 0 I J e t  Air M: ii:eg m nI Svc
was r~’muo ve~l b C Ihiti preS ent [‘i) t r a tio n  n~, e t e r n .

2 . Son ic ’ p a st  I C _i t S larger than 10 m i c r on s  w e r e  det o u t e d  at I l i e
eng ine  p l e n u m  i f l . l e I . Si  IIC O t h e  ba I ’ I ’ .i e r  f il  tot ’  u a i i ~ ie I pu s s
p ar t - i d o s  of th is s in e , s l o p s  should be t a k e n  t O  l e t  01’ s :ii
t h e  duc t , s y st e m  tn t ’::l ln : t i I t a ( i v t f l ’ t e I i t  e t i l  ry of’  s~t nd :~~: l  lu st
around  :uuih / o r downs teream 01’ the h ar r ier  I ’ .i 1 t ee .

: 1 1 1 k  I N ‘ l~

~ Med i t i c a t i on  No .  l~ 0O t h i ) 1 d l i e  , ‘ c r i t, t’~LC 1. Ne . LAA 1SdS— _ _ t ) i . O i ,
a I d I ‘ I Se p t , ’ml e c ’  r 1~

( b ’ )  ~te rk S I a Lo in  n t  fo r  V - t i  ida I i o t t  of t i l e ’ t a m i d I ’ll t r a t
l l ’ l ’cc t • i  ve mi rn ci ’ L i i i ’ ~~~‘\I ~i) A l r Man age ’memt  1. Sy i t  t o m
4 1  I i t ( ’ } i l I i e ’ J )  t , t i  1~ I~I~ \~c ’ l I I ’ I ’  I~ I~A ’ l ’  F e I ~l ‘ t ’  t I I . . A
M I;RA Ifl ’t ‘V I i’OlIi I ’ . I .  ~~U 1’ !’ .
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