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SUMMARY

A prior investigation of the LACV-30 Air Management
system had noted certain deficiencies, recommended design changes,
and predicted the performance of the modified system. The present
investigation first evaluated two candidate changes and determined
that one of them, consisting of changes to the fan inlet, offered
little potential for improvement and should not be further pursued
while the other, a diffuser at the fan discharge, was beneficial
and should be incorporated.

The finalized Air Management System configuration was
fabricated, installed and tested. Its performance fell somewhat
short of predictions, primarily as a result of pressure losses
attributable to higher than expected (or required) scavenge air-
flow from the inertial separators. However, the requirement for
a positive gage pressure at the engine inlets was met, with achieved
pressures ranging between 1 and 3 inches of water. The potential
for further increasing these pressures by reducing the filter
scavenge flow was also demonstrated. It was concluded that the
modified Air Management System is suitable for use on the LACV-30.
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PREFACE

This report is one of a set of two reports documenting
the results of a program to improve the performance of the
LACV-30 Air Management System (AMS). Report No. 7467-928007,
"Performance of the LACV-30 Air Management System Initial
Configuration" describes the original AMS configuration, presents
test data showing the performance of its various components,
recommends a design modification to provide higher pressures
and an additional stage of filtration, and predicts the per-
formance of the recommended modification. Report No. 7467~
928008, "Performance of the LACV-30 Air Management System
Modified Configuration" presents the results of a test program
conducted to demonstrate the adequacy of the AMS after modification.

The program was performed by Bell Aerospace Textron
under Contract No. DARK02-55-C-9149 with the U.S. Army Mobility
Equipment Research & Development Command. Mr. John Sargent
was the Contracting Officer's Technical Representative and
Mr. C. E. Burr was the BAT Program Manager.
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I. INTRODUCTION

The performance of the initial configuration of the Air
Management System of the LACV-30 was evaluated by tests conducted
in June, 1976, and reported in Reference 1, Several deficiencies
were noted and a plan for modifications to correct them was out-
lined. A rationale was presented for ecach proposed change, along
with a prediction of the system performance after the modifications
were completed. It was recommended that two potential changes,
one at the fan inlet and the other at the fan discharge, be
impiemented and tested on the initial configuration before final-
izing the modified design. When finalized, the modified AMS was
fabricated, installed on LACV-30-2, and tested to verify
satisfactory performance.

The tests of the two potential modifications and of the
final AMS configuration are described in Section II of this
report. The reduced test data is presented in the ZAppendix and
discussed in Section III. Sections IV and V conclude that the
modified configuration meets its requirements and recommend its
use on the LACV-30.
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II. INVESTIGATION

The overall test program from which the AMS and engine
performance data was acquired consisted of 16 tests with a total
of 58 runs, all of which have been reduced by a computer program
for analysis.

Tests 1-6 werc conducted during the first week of June
1976. These were the Phase I tests which provided the basis
for the system changes recommended in Reference 1. The reduced
data for those tests appears in Appendix B of Reference 1.

Tests 7-10, comprising a total of 15 runs at various
engine powers, were performed in early July 1976, to evaluate
the potential for obtaining higher system pressures through the
reduction of fan inlet losses and/or the use of a diffuser at
the fan exit. This data was needed to finalize the recommended
AMS modifications. Because they were performed with the AMS
otherwise in its initial configuration, they are designated as
Phase IB tests.

Test numbers 1l through 16 comprise 24 runs conducted
in early August 1976, to evaluate the performance of the modified
AMS incorporating all the changes recommended in Reference 1.
The arrangement of instrumentation for these Phase II tests is
shown in Figure 1. The types of instrument and their purposes
are listed in Table I. With minor exceptions, dictated by config-
uration differences between the initial and modified AMS con-
figurations, Phase II instrumentation and test philosophy is
the same for Phase I, described in more detail in Reference 1.

The reduced data from the Phase IB and the Phase 1I
tests are included in the Appendix to this report. Also included
there is a table correlating the test run designations with the
configuration variables tested, for all three phases of testing.
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" IIT. DISCUSSION

PHASE IB

The first Phase IB test, No. 7, was conducted in the
initial AMS configuration to provide baseline data in both the
'tethered' mode, i.e., stationary, and underway. For tests
Nos, 8 and 9 the air inlet stack and elbow assembly was replaced
by a Buffalo Forge Company fan inlet bell and vortex breaker,
illustrated in Figure 2. These tests were to determine whether
or not flow disturbances caused by the inlet stack and elbow
were having adverse effects on the performance of the fan and
thus contributing to the low pressures being experienced.
Because the test inlet represents a nearly ideal installation,
its performance is indicative of the upper limit of improvement
achievable with any practical elbow and stack.

A comparison of the fan exit total pressure with the
bell installed, Run 8-C2A0707, with the baseline test, at a
similar engine power (650 HP), run 7-C2A0706, showed an increase
of approximately 1.0" w.g. in the fan discharge total head. At
high engine power, the difference was much less. Further, the
static pressures measured at the upstream face of the Donaldson
Filters No. 1 (Station 5) showed so little improvement as to be
of the order of data scatter and were minor compared to the
diffusion inefficiency of the fan discharge kinetic head. Appar-
ently, the inlet stack and elbow losses were approximately as
predicted and no seriously detrimental flow patterns were being
developed.

Comparison of the diffuser Tests 9 and 10 with the
corresponding no-diffuser Tests 7 and 8 indicates that the
diffuser increases the fan pressure recovery by as much as 3.0
w.g., and a study of the 8 individual pressures at Station 5
showed the range of pressure extremes was reduced 50%. This per-
formance is essentially as predicted, and justifies the inclusion
of the diffuser. Phase II began with Test 11 on August 7th
after major changes to the AMS concept and configuration had
been incorporated on LACV-30-2. The modified AMS is illustrated
in Figure 3.

A major redesign was made of the AMS ducts from the
downstream face of Filter No. 1 to the engine compartment inlet
in order to provide for the installation of Filter No.3, the
barrier filter. The first Phase II test, 11, was made with the
modified ducting in place, but the barrier filters removed. All
subsequent tests included these filters and permitted direct
measurement of the pressure drop across them.
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From the manufacturer's data, the barrier filter was
expected to impose a pressure drop of 1.5" w.g. at maximum power.
This drop would increase with time in service to 4.0" w.g. when
the filter load reached 340 grams per panel. Test measurements
indicated pressure drops between 1.5" w.g. and 3.3" w.g. at high
engine powers, which is consistent with the design estimates.

Pressure sensors mounted at four points in each of the
two engine air inlet compartments during Phase I tests had
indicated unsatisfactory distribution and inordinately high
turbulence, accompanied by excessive pressure losses. To alle-
viate these conditions, the cross-sectional area of the inlet
passage had been increased from 1.51 sq. ft. to 2.69 sq. ft. The
effect of this change was to reduce the kinetic head by approxi-
mately 68%, and was found to reduce the inlet loss by 2" to 3"
w.g. The extreme turbulence which is thought to have been a
major contributor to compressor surge during the speed maneuvers
was also practically eliminated and the surge is now rare.

The modified AMS design also relieved the AMS fan of
that portion of its air load which had previously been allocated
the 0il cooling and for ventilating the compartments which house
the engine hot sections, by providing this air from the 1lift
systems instead. This change was expected to reduce the AMS fan
air flow rate by approximately 7,000 cfm, which would result in
a fan total pressure increase of about 4.0" w.g. The measured
air flow reduction was less than expected, as described in more
detail below, and consequently the full pressure increase was
not achieved.

The predicted effect on the system of all the changes
was the ability to maintain a positive pressure at the inlets
of the main engine ranging between 4" w.g. and 7" w.g., depending
upon the condition of the barrier filter, as shown in Figure 4.
However, the predicted pressures were developed from Phase I
data taken during tests of the vehicle when underway, in which
situation the stack inlet experienced an unexpectedly high ram-
air assist of about 1.5" w.g. due to a downdraft that develops
immediately aft of the pilot house. Under stationary tests
without the ram head, the system pressures fell short of predic-
tions. A study of the data from Test No. 13 also presented in
Figure 4, revealed that the fan flow rates were higher than pre-
dicted, which caused greater system losses and a lower fan output
head.

Tests 15-1, -2, and -3 were run with various airflow
paths blocked to isolate the cause of the high fan flows; the
results suggested that the filter scavenge airflows were excessive.
Test No. 16 was implemented to verify that the scavenge flow from
the Filters No. 1, which should be about 10% of the incoming flow,
was in fact significantly higher. This proved to be the case as
is apparent from the tabulation in Figure 3. The scavenge air

14
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flow was 65% (about 2000 cfm) higher than was necessary. The test
also evaluated the effect of various orifices installed at the
discharge end of the inertial filter scavenge pipes and demon-
strated a means for adjusting the scavenge flow to any desired
level. Test 16-3 with a 5.0" diameter orifice in each of the two
scavenge lines raised the engine pressure recorded in test run
16-1 (with wide open scavenge lines) by 1.2" w.g., and reduced

the scavenge flow from 17.3% to 12.7% of the fln flow rate.

RELATED SUBSYSTEMS

In the modified AMS the cooling air is taken from the
lift system. Ducts installed outboard from the forward engine
bays of both main engines conduct air from the lift system plenum
through inertial separators into those hays (see Figure 3). From
these bays, approximately 6000 cfm passes through the six oil
coolers and the remainder ventilates the two middle engine com-
partments where the main engine combustors and exhausts are located.
The rate at which air is supplied by the lift system varies roughly
25% with gross vehicle weight, and about 50% with lift fan speed.
However, the cooling capability varies positively wita the lift
power demand and therefore tends to vary with the rate at which
heat is ¥ejected to the cooling system. This is an advantageous
reversal from the characteristics of the original system, with
whichh cooling capacity tended to vary inversely witli the power
demand.

All Phase II tests were made with this configuration.
The test data verifies that high pressures are present in the
0il cooler compartment whenever the engines are providing
significant power.

Figure 3 shows the design of an exhaust duct extension
developed in conjunction with the AMS redesign. Though not pro-
perly a part of the air managecment system, the extension is relevant
in that it is advantageous to prevent the ingestion of exhaust
gas by either the AlS fan, which supplies air to the main engines,
or the lift system fans which now supply o0il cooling air. This
duct is intended to minimize the probability of exhaust ingestion
in either place.
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TIV. ' ‘CONCLUSIONS

The several changes in the arrangement and configuration
of the AMS discussed in this report have alleviated the problem
of sand ingestion and provided for substantially positive gage
pressures at the inlets of the main engines under all contemplated
operating conditions. The transfer of cooling air from the AMS
to the 1lift system raised the pressures throughout the system
and has practically eliminated the overheating of the main engine
reduction gear lubrication system.

Still higher pressures can be made available by reducing

the scavenge flow from the inertial separators without degrading
their performance.

V. RECOMMENDATIONS

The modified AMS is recommended for use on the LACV-30.
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APPENDIX

PHASES IB & II TEST DATA

TABLE A-1. SUMMARY OF AMS TESTS

TEST TEST DATE TEST CONFIGURATION
NO. (1976) A B @ D E F G 3 ). J
Phase 1
i June 8, 9 1 1 i 1 1 il il 1 1 il
2 10 1 2 0 | ! ‘
3 il | 2 i ' !
4 15 3 ;
5 15 1
6 16 2
Phase IB
7 July 6 v il j ;
8 7 2 v |
9 15 2 2
10 20 il
Phase II
v v v \ 7 |
14 Aug 7 2 2 2 2
12 7 : 3
163 9 v
14 9 2 v v
15-1 10 1 3 2
15-2 10 3
15-3 10 1
16-1 11 1
16~2 11 l l 4
16-3 11 v v v v v v 5




TABLE A-2. DEFINITION OF TEST CONFIGURATIONS
VARIABLE CODE CONFIGURATION
A - Fan Inlet Duct 1 Inlet Stack & Elbow
2 Inlet Bell
B - Rotor Blade Angle 1 = 36° (as delivered)
2 = 38%° "
3 = 330 2
C - 0il Cooler Louvers 1 Full Open
2 Haof Open
D - Vehicle Condition 1 Tethered
2 Underway
E - FAN DISCHARGE 1 Two Splitters
2 Concentric Annular Diffuser
F - Eng. Inlet Duct 1 1.51 sq. ft.
2 2.69 sq. ft.
G - Eng. Exh. Ducts 1 Elbow with 2 Turning Vanes
2 Elbow with 1 turning Vane
3 Bifurcated Duct with Extensions
H - Filtration 1 Filters #1 and #2
2 New Duct, Filt. #1 & #2 only
Installed
3 New Duct, Filt. #1, #2, & #3
Installed
I - Cooling Air Source 1 AMS Fan
2 Lift System Side Deck
J - Air Distributuon 1 Normal (Main Engines, APU,
Scavenge & Cooling)
2 Main Engines, APU, & Scavenge
3 Filter Scavenge Flows Blocked
4 Filters #1 with 6" diam.
Scavenge Orifices '
5 Filters #1 with 5" diam.
Scavenge Orifices
+
]
A-2
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