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Disclaimers_
The findings in this report are not to be construed as an official Depart- 3
ment of the Army position unless so designated by other authorized
documents,

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby
incurs no responsibility nor any obligation whatsoever; and the fact that
f the Government may have formulated, furnished, or in any way supplicd 1
E the said drawings, specifications, or other data is-rot to be regarded by

implication or othe rwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission,
to manufacture, use, or sell any patented invention that may in any way
be related thereto.

. Trade names cited in this report do not cownstitute an official endorse-
b ment or approval of the use of such commercial hardware or software, ]

E Disposition Instructions

Destroy this : zport when no longer needed. Do 1o’ return it to the
originator,
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DEPARTMENT OF THE ARMY

U S ARMY AVIATION MATERIEL LABORATORIES
FORT EUSTIS. VIRGINIA 23604

The ohject of this contractual effort was to perform

additional testing on a regeucrative engine to deter- 3
mine environmental effects on performaace and structural
integrity.

'

? This report was prepared by Allison Division of General ]
Motors Corporation under the terms of Contract DA 44-177- 3

AMC-293(T) . 1t describes the tests performed and the
results of those tests. Discussion is presented in areas
of endurance, sand and dust erosion, carbon fouling,

and noise generation,

The regenerative engine rdemonstrated the ability to mecct
performance requirements under all conditions tested. :
No significant adverse effects were noted that would be :
attributable to the regenerative eng.ne system.

This report has been reviewed by technical personnel of
this Command, and the conclusions and recommendations
contained herein are concurred in by this Command,
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ABSTRACT

This report is a s ipplement to USAAVLABS Technical Report 68-9, It
covers the auditicnal regenerative engine testing accomplisheu to deter-
mine environmental effects on the performance and structural integrity of
the regeneratore. The additional testing was done on the same hardware
purchase i under the original contract,

The thid set o! regenerz:..'s successfully completed a 150-hour endurance
test on che first attempt with no indication of regenerator performance de-
terioration or loss in structural integrity. The regenerator: accumulated
a total of 191 hours and in excess of 2?78 starts and 4500 accelerations.
Ove.all engine performance was within the 5% allowable depreciation at

the completion of the test.

The second set of hardware successfully completed carbon fouling and
sand and dust ingestion tests with no performancc loss due to carbon foul-
ing or any evidence of erosion or loss in structural integrity due to sand
and dust ingestion.

The analysis of ‘he sound survey data obtained under the original contract
indicated that t'ie regenerative engine perceived noise level was one to
three decibels | »wer than that of the nonregererative eng ‘'ne when installed
in the YOH-6A helicopter.

The additional testing covered in this report again demonstrated the feasi-
bility of a regenerative engine as a powerplant for aircraft operation. No
problems were encountered which would indicate that u regenerative engine
would be more susceptible to performance depreciiition than the standard
T63 er zine,
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INTRODUCTION

Application of regenert don to the small gas turbine can provide a signifi-
cant improvement in Army aircraft range capability and in fuel logistics.
However, very little is known about regenerator performance under actual
operating conditions.

The original program under this contract was divided into three phases.
Phase T consisted of the design and fabrication of the regenerator and re-
quired engine modifications. A "bolt-on" tvpe regenerator requiring

minimum of engine and uircraft modifications was designed and fabricated,

Phuase IT encompassed the engine testing required to ensure the flight-
worthiness of the regenerative engine,  Phase IIT included modification of
a YOH-6A helicopter and the flight test of the regenerative engine powered
helicopter throughout its operating range.

The regenerator hardware completed the original program in excellent
condition. Since the hardware was available for further investigation, the
original contract was modified to cover additional testing. The basic pur-
posc of the additional testing was to determine environmental effects on
the performance and structural integrity of the regenerators.

This additional work included a 150-hour endurance test, a carbon fouling
test, a sand and dust ingestion test, and a sound survey analysis.

i
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150-HOUR ENDURANCE TEST

The 150-hour endurance test was run using engine S/N 400060, which in-
corporated the third set of regenerators. The regenerators had accumu- | 5
lated a total of 36. 7 hours, including 25 hours flight test, prior to the

start of the endurance test, In preparing the engine for test, the regen- {
crators were removed for visual inspection and a leakage check, The
basic engine wus disassembled only sufficiently to allow installation of an
instrumented exhaust collector.  No attempt was muade to refurbish the
engine after the flight test and prior to starting the endurance test.  The
main goal of the test was to obtain additional endurance time on the re-
generators,

The endurance schedule was set up to simulate the anticipated engine op-
eration associated with helicopter installation. The schedule was derived
from data obtained during logistical evaluation tests of a ligh* observation
helicopter at IFort Rucker, Alabama, as well as from information concern-
ing actual combat inissions supplied by the Army. The 150-hour endur-
ance schedule consisted of running the 20-hour cycle, outlined in Table I,
seven and one-halfl times, for a total time of 150 hours, One of the typical
20-minute missions is shown in Figure 1. The 150-hour endu:ance sched-
ule 1ncluded 278 starts and approximately 4500 acceleratinons., The total )
time on the regenerators at completion of the endurance test was 191
hours.,

TABLE I, SIMULATED FLIGHT ENDURANCLE TEST SCHEDULE 3

T

No. of Total Time
Profile Mission Cycles (Hours)

oD

1 ;
1 x Ferry 1 :30 3
i V1l Training 1 :30 a.
| VIII Observation, Target

Acquisition, and Reconnaissance
X Command Control
i I Tactical
F} 11 Tactical

111 Cruise

) IV Cruise
\Y% Cruise
| VI Loiter

30 ) 1
:30
140
:40
:40
:40
:40
140
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1 The 150-hour test was completed on the first attempt, with very few prob- !
1 lems being encountered on etther the ongine or the regenerators. Inspece- i
tion of the engine during scheduled shutdowns revealed that the right-side £
4
retoining ring, which secures the regenceator air outlet duct to the outer
3 . g = o o o0 .
~ combustion case, had slipped out of its groove. The retaining ring was
3 reinstalled and the test was continued,  The right-hand regenerator was
ilso removed for weld repair of a cracked air inlet duct at 82 and 143
nours, Table 11 is a list of the unscheduled stops made due to engine mal-
function,
TABLE II, 150-HOUR ENDURANCE TEST RECORD
Stop Finduran e { ‘
No. Timne (Hours) Date Remarks
1 136 i 1-H-68 Fongne ready to start endurance,
E 188 1800 4-0-68 Replaced the right-side retamng ming, which E
E sevures the regenerator atr-out duct to the
outer combustion case, back into the groove
4 from which 1t had worked out, !
241 3000 A-11-68 Added 750 ce of oil to engine lube o1l system, 3
277 6730 4-15-68 Repositioned right side retiaming ring (at
3 outer combustion case) which had partatly
worked out.
1 d00 000 4-16-68 Drained 1150 o of o1l from accessory
}' gearbox breather bottle and added 800 ¢ of
) oil to engine lube o1l system,
. A11 42:40 4-16-68 Removed might pegencrator for repair of
F cracks,
] 347 100045 4-18-68 Resesitiored rignt turbine air conling flex

lines which vere ruobing on auter combus-
tion case.  Shight oil leak at rear pawer

'; takenff pad,
! 340 102:30 1-18-68 Added 830 ce of oil to engine lube oil system,
j REKS 130:00 4-22-68 Crack noted on right regencrator at tur-

bine canling a1 Nitting.

i 427 14310 4-23-68 Unscheduled stop. Right regenerator re-

E moved to reparr crack at cooling air fitting.
1

| 130 145:58 4-24-68 Repositioned right-side retaining ring (at

outer combustion case) which had partially
worked out,  Drained 435 ¢o of o1l from
accessory gearbox breather bottle,

j 434 150-00 4-24-68 Completed endurance run,  Noted shight o1l

f leak at rear power takeoff and fuel pump
pads. Drained 125 cc of o1l from accessory
grarbos breather bottle,

]
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In addition to the 150-hour cndurance (est, a pre- and postendurance
calibration run was made at standard sea level conditions. The test re-
sults are shown in Figures 2 and 3. Ingine performance at the start of
the test was below the estimated performuance level). However, as pre-
viously stated, no attempt had been made to refurbish the engine to en-
sure estimated perforn.ance. The basic engine had accumulated a total
of H15 hours at the completion of the endurance test.  Of this total, 312
hours were accumulated as a regenerative engine. At 1380°1 (military
power) the engine depreciation was 1.1 in horscpower and 2,3% in

specific fuel consumption, which is within the 5" allowable performance
depreciotion for the basic engine. In terms of regencrator performance,
the hot side effectiveness decrcased 2 to 377 but the cold side offective-
ness remained ese oaticlly the same,

The pressure drops were within 0.5% on the pre- and postendurance culi-
bration. The regenerator performance indicated little or no depreciation
in the regenerator as a result of the endurance testing.

The regencrators were pressuce checked prior to and follow ing the endur-
ance test, A\t 20 psig, both th» left- and right-hand regencerators had o
reakage rate well below 0, 0045 pound per minute on both chediis, indicating
that all tubes and braze joints were intact.

The regenerators were photographed prior to and after the 150-hour en-
durance test. Al the completion of the test, there was a light deposit of
carbon on the tubes but no evidence of buckling of any of the individual

l tubes in the core. In fact, the carbon deposit was heavier prior to start-
ing the test than it was after the completion of the 1H0-hour endurance

1 test. The last hour of flight testing consisted of low-power operation,

: which increases the accumulation of soft carbon,  However, the post-

‘ endurance calibration was terminated with the maximum power operation,
g‘;‘ Thus, most of the carbon was burned off, Condition of the regenerator

; corce is shown in Figurcs 4 and 5,

1

The regenerator on the right side was removed twice during the endurance
test for weld repair of cracks that developed in the inlet air duct at the
auxiliary turbine cooling air fitting; a loss of power of 9 to 137, at 1380°I°

_ TOT resulted. The weld beads show the location of these cracks in
Figure 6,

Other cracks of @ minor nature occurred in the exhaust ducting but were
of no consequence with regard to performance, The exhaust duct cracks
are shown in Figure 7




O S i e i i i Ll Tl i A e S T P | P T R P T Vo £ LT BYIowy, 1—;'1

280
5 |
i i
o 240 3
> !
s !
) :
T 200
b~
) ?
2
& !
3]
@ 160 {
:g endurance !
itendurance ‘
120
0O
50 @
0.9

0.7 NG

0.6 il G o

Shars s~ =
el i

Specific Fuel Consumption
(Corrected to 18,400 BTU, LHV)—Ilb/hp-hr

0.5

0.4 :
1000 1100 1200 1300 1400 -

Turbine Outlet Temperature, TTg /f—°F

Figure 2. Pre- and Postendurance Calibration Results.
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- K Vitatd v a PR B b o Y g o ie i Sakralion bibed Eitohd kb
) & S ofnauld o et L 2 o i pEck ¥ T rrem o oy s e d :

.
3
3
b
; ‘
The regenerators successfully completed a 150-hour endurance test witn ‘ :
no cvidence of serious deterioration. The sheet metal eracks in the air
inlet duct could be clinminated by use of a doubler between the duct and
z the fitting.,  The exhaust ducting cracks were a result of wrinkles in the :’
| 4 sheet metal which would be eliminated by production tooling, {
. A i
3

T3 GG
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¢
Figure 4. PN 6858369 Regenerator Prior to 150-Hour Endurance Test.
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Figure 5. P/N 6858369 Regenerator After 150-Honr Endurance {est.

Figure 6. Weld-Repaired Air Inlet Duct.
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CARBON FOULING TEST

No indication of carbon fouling was encountered during the 150-hour test,
However, it is known that carbon buildup will b most prevalent during
idle running. Therefore, a test program was set up to determine if ex-
tended idle running would build up an excessive amount of carbon on the
outside of the tubes which would resull in performance depreciation. The
second porticn of the test consisted of high power running to determine if
the buildup could be eliminated by running at high power. Table III out-
lines the test schedule,

TABLE III. CARBON FOULING TEST SCHEDULE
Time (Hours)

Preendurance Calibration 3
Engine Operation at Idle 3
Postendurance Cnlibration 3
Engine Operation at 55% Power 5
Engine Cperation at Normal Power 2
Engine Operation at Takeoff Power Ll

Total 17

Engine S/N 400067 with the sccond set of regenerators was used for this
portion of the test program. This engine was originally intended for use
as spare purts. Again, no attempt was made to refurbish the engine ex-
cept to irstall the instrumented exhaust collector. The second set of re-
generator s had completed 63, 5 hours (including the 50-hour flightworthi-
ness test) prior to starting the carben fouling test. The regenerators
were in excellent condition, with no leakage in any of the tubes or braze
joints,

The engine was installed for the carbon fouling test,  After completion of
the calibration, engine oil consumption increased suddeniy. Five quarls
of oil were used in 15 minutes operation, Tt was suspected that the No, 5
carbon scal had failed, allowing oil to enter the exhaust collector and

pass through the regenerator,

The engine was removed and the turbine disassembled,  The carbon seal
was leaking slightly, but the majority of the oiir consumption was due to a
plugged scavenge oil tube in the power turbine support. In the T63-A-5

S




engine, the sc venge oil strut has an oil tube that extends up into the
hollow strut. This tube was found to be plugged. Engine S/N 400060,
which had completed the 150-hour test without plugging, did not have this
tubce installed, Engince S/N 400067 was completely cleaned and assembled
without the scavenge oil tube and with a new carbon scal installed. The
engine completed the rerun of the preendurance calibration test schedule,
but high oil consumption was again encountered after completion of the
calibration. The external sump was found to be plugged. The sump was
replaced, and o glass bottle was installed so that the oil flow from the
sump could be monitored. High gearbox pressure indicated the possibility
of @ worn air-oil seal which was allowing hot gas to neat the oil sump arca
to the coking temperature of the oil.

The test program was continued. A total of 3 hours wuas completed at idle ]
speed to build up carbon on the regenerator core. Engine oil consumption

during this period and also during the postendurance calibration was neg-

ligible. However, oil consumption again increased during the last data

point and five quarts of oil were used in approximately 15 minutes opera-

tion,

The pre- and postendurance calibration, shown in Figures 8§ and 9, indi-
cated no depreciation in engine performance after 3 hours' runring at
idle.  Performance at takceoff temperature (1380°F TOT) was 284 horse-
power and 0. 55 specific fuel consumption. Regenerator performance in-
dicated no change in effectiveness and only 0,1 to 0, 27 increase in pres-
surc drop on the hot side. Since the data indicated no denreciation in
performance, the last 8 hours of the test schedule were deleted. The
test program indicated that with a clean-burning engine and proper atten-
tion to tube size and spacing of the core, no carboning problems will be
encountered on o regenerative engine,

FFurther investigation of the oil coking problem revealed that the pressure
oil nozzle in the power turbine support was flowing approximately one-
third of the normual oil flow, This lower oil flow, plus the higher sump
temperature associ ted with the worn air-oil scal, resulted in the coking
of the scavenge oil system, Tt was feund that the nozzle was partially
plugged with foreign material,  Replacing the pressure oil nozzle elimi-
nated the coking problein. The subscquent sand and dust test was com-
pleteo without turther oil coking problems
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As mentioned previously, approximately five quarts of oil went through
the regenerators after the postendurance calibration,  This oil passed
through the regenerator in a liquid state as shown in Figure 10. The
liquid oil removed ali carbon deposits from the ocutside of the tubes.

There was also some evidence of coked oil on the tubes at the junction of
the tubes to the header., However, the high oil consumption occurred after
the completion of the postendurance calibration. Therefore, the perfor-
mance evaluation before and after the 3-hour idle run was valid,

Figure 10. P/N 6858502 Regenerator After Carbon Fouling Test.
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SAND AND DUST INGESTION

The sand and dust ingestion test on the regenerative engine was conducted
in accordance with Allison T63-A-5A Model Specification 580-F and the
Official 10~-Hour Dust Ingestion Test. The object of the test program was
to deterniine if the regenerators were capable of withstanding the same
dust environment as the basic engine,

The dust used for the test was 0-200 micron A-C coarse test dust conform-
ing to Specification MIL.-A-13488B. The micron size of the dust and per-
cent by weight are shown in Table IV,

TABLE IV. A-C COARSE DUST CONSTITUENTS
Size in Microns Percent by Weight
0-5 12 £2
5-10 12 4+ 2
10-20 14 £ 3
20-40 23 £ 3
40-80 30+ 3
80-200 9+3 |

The dust used was supplied at a rate of 0, 0015 gram per cubic foot. When
based on cngine airflow for Normal power at standard duay sca level con-
ditions, this rate was determined to be 0, '4 pound per hour. The dust
rate was verified by weighing at 30-minute intervals., Total dust ingested
was 4. 4 pounds over the 10 hours of dust ingestion,

Ambicent air was utilized throughout the dust testing, but 59° unity ram
pre- and postendurance calibrations were made to verify performance de-
preciation,

The test schedule consisted of alternate 15-minute periods at 75% normal
power with and withou. dust followed by 5-minute intervals without dust at
normal and takeoff power. The test schedule was set up to minimize the

accumulation of fused silica on the first stage turbi, e nozzle and combus-
tion liner. The test schedule is outlined in Table V.,

A typical dust ingestion test setup is shown in “igure 11. The dust is in-
jected into the compressor inlet plenum where it mixes with the compres-
sor inlet air from facilities, The dust then passes through the engine and
exits, along with the exhaust gas, into the test stand exhaust duct.
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TABLE V. SAND AND DUST INGESTION TEST SCHEDULE |

A. Preingestion Calibration (standard sealevel unity ram conditions)

B. Stabilize at 1148° TOT. Ingest dust at a rate of C. 44 Ibh/hr main-
taining N specd for the following schedule:

1 15 minutes with dust on

2. 15 minutes with dust off

3. 15 minutes with dust on

4, 15 minutes with dust off

5. Shut down for 10 minutes and weigh dust ingested,

6. Iire up and stabilize at 1240° for 5 minutes; then
run 5 minutes at maximum rated conditions,

C. Stabilize at 1148° TOT and run the following schedule:

—

15 minutes with dust on
.15 minutes with dust off {
15 minutes with dust on i
.15 minutes with dust off

Shut down for 1 hour and weigh dust ingested.

. Fire up and stabilize at 1240° TOT for 5 minutes;
then run 5 minutes at maximum,.

w o

(o BN RN 5%

D, Repeat B and C until 19 hours of dust time or 10 cycles have
clapsed,

I, Postingestion Calibration (standard sea level unity ram

conditions)
o Figure 12 shows a close-up of the dust ingestion rig. The dust is con- i
j tained in the pressurized glass bottle as shown, The bottle also incorpo- )
rates a vibrator to ensure uniform feed, The dust is piped through an ori- }
3 fice to the aspirator. The aspirator pressure and orifice size are adjusted
] to provide the proper dust rate,

Prior to the dust test, the rig was calibrated to provide the proper dust
rate.  On this test program for the regenerative engine some difficulty
wis erncountered in obtaining o repeatable calibration. Poor repeatability N
was due to the high humidi'y prevalent during the test, An air dryer was
installed in the aspirator pressure line and the dust was oven dried prior
to ingestion,  With these precautions, repeatable calibrations were ob-
tained and the test progran was completed without incident. No further
problems were encountered with the dust rig, engine, or regenerators,

I —
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The postendurance calibration indicated a 26% horsepower depreciation,
ITowever, the majority of this depreciation was due to buildup under the
compressor impeller shroud, The T63-A-5 engine used on this test pro-
oram incorporated an impeller with a full shroud, The T63-A-5A impeller
inenrporales a short shroud impeller which does not accumulatle dust.

To obtain a true indication of the engine depreciation, once-half of the com- l
pressor case was removed and the area under the impeller shroud was ’

e

cleaned.  The postendurance calibration was then revun after the impeller
wis cleaned.  The test results are shown in Figures 13 and 14,

In terms of regenerator performance, the leakage check showed zero ]
leakage, indicating that all tubes and braze joints were intact. The pres- ! 1
sure drop on the hot side showed 4 0. 5% increase and the pressure drop ]
on the cold side decreuased 0. 7%, The effectiveness on the cold side re-
mained the same, while the hot side effectiveness deerecased 29.  The
changes in regenerator performance are within the accuracy and repeat-
ability of the instrumentation.

In terms of engine performance, the depreciation was comparable with
that of the T63-A-5A, as shown in Table VI. The performance deprecia-
tion for the regenerative T63 engine was unproximately 29% higher than
that of the T63-A-5A,

TABLE VI. PERFORMANCE DEPRECIATION COMPARISON
Regenerative
Horsepower TG3-A-HA T63-A-5
280 12hp  4.3% 20 hp 7. 15%
1 239 19 hp  7.95% 22 hp 9. 2%
215 21 hp ). 75% 25 hp 11.6%

One of the potential problem arecas in the regenerator is dust coliection in
the air inlet and outlet ducts, To determine the amount of dust collected
in the regenerators, the regenerators were weighed before and ufter the
dust ingestion test.  The increase in weight was 0, 04 pound on the left-

X hand regenerator and 0. 07 pound on the right-hand regenerator. This in-
crease in weight is not considered to be significant, Figures 15 und 16
show the left-hand regenerator after the dust ingestion test., There was

3 some indication of a scule formation on the first row of tubes (gus inlet)
|
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as shown in Figure 15, On the gas outlet side there was o film of dust
collected, as shown in Figure 16, The tubes were wiped in the center to
give some indication of the thickness of the film.

After completion of the test program, the core of the left-hand regenerator

was investigated metallurgically.  This investigation was directed toward
obtaining evidence of crosion and corrosion,  All of the ducts were re-
moved, and the core was cut at the split header which defines the inter-
face between the first and sccond pass.

Figure 17 defines the regenerator configuration and can be used to locate
the areas which were photographed during the metullurgical evaluation,
IYigures 18 and 19 show the first pass of the regenerator core, There ig
an indication of surfuce scile on the outside of the gas intet tubes, as
shown on Figurce 18, NMost of the dust that had colleceted on the outside of
the gas outlet tubes during the test had been shaken off due to normal
handling,.

IFigures 20 and 21 show the condition of the second pass of the regencrator
co. . Again, there wus no visual indication of erosion or damage to the
tubes as a result of the dust ingestion. There was no cvidence that the
scale on the gas inlet side was more pronounced than the scale on the
first pass.

FFurther investigation of the scale revealed that it coulc be casily brushed

from the tube wall surface and was soluble in water. The scale formation
extended through the first seven rows, A soap-and-water wash eliminated
all the scale; however, there was still an indication of surfuace discolora-

tion, as shown in IFigure 22,

At the completion of the sand and dust test, the third sct of regenerators
had accumulated 106 hours of engine testing. Since the endurance time
accumulated can be considered significant, the tubes were analyzed to
determine if there was any indication of incipient corrosion or oxidation.
Tube specimens were taken from rows 1, 2, 13, and 25 on both the first
and second pass of the regenerator core. The specimens were mounted,
ground, and inspected at up to 200X magnificaticn,

Figure 23 shows the typical condition of the inside diameter of the tubes,
All tubes in both the first and the second pass were very clean, with the
exception of braze on the ID of some tubes in the vicinity of the tube-to-
header braze joint.
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Gas Inlet—Second Pass

Gas Outlet —Second Pass

Figure 20. Gas Side of Regenerator Core—Second Pass.

29

e s o Aty DO




Ll o

Qg i il

—Y

Figure 21.

Air Outlet —Second Pass

Air Side of Regenerator Core—Second Pass.

30

=3 i At




e A
.

” r 'r. “ p v.— - R
o ¥ H D RPN A .
LB e P G A S D L

e 5:

IFirst Row

Seventh Row

A e )

I'irst Through Seventh Rows After Soap and Water Wash

1-
] Figure 22. Outside Diameter of Gas Inlet Tubes—3X View.
31

. e 5 4 fo Reazy e ki .
B B e BT . -
Hﬁ L 2" L skl e it St il A4l R L) Nk Ll

oy A




I W | T P N v —— s i 4 o Lac

el s i L SLiaban bl Dot ol Realiin | Al hint ook b b dede ko i) Ul Laslt R L TR gt s Edeial e i D a2l A iagsaiis v Laa i w“””q
e b gL il st Cachd o bt st v ie i v

2D e e L

P

Third Row —Second Pass
(Braze Present)

Figure 23. Inside Diameter of Gas Inlet Tubes—6X View.

32

.
hﬁ.’)ﬂn' i " N v a5 T e e e s e b e i Y
Sb0a dadi Sidd il A 3 4 it LAk ANk land. PV Y T8 L1 0L LU S s U PITRTL 1 U MILPUIY § ORI FOPIPR] PP WY ATCUTTY &




Tubes were randomly selected throughout the core to check for any indi-
cations of oxiduation on the outside and inside of the tube. There was no
cvidence of oxidation on the nutside of the tubes, The inside of the tubes
showed no oxidation on those tubes without braze, The tubes with braze
generally showed no oxidation except for one or two tubes in the first
rows of the sccor A pass of the core,

There was an ‘ndication of incipient oxidation on the surface of the braze
and in the braze diffusion zone of isclated tubes in this arca of the core as
shown in Figure 24, The oxidulton penetration wus approximately 0. 0005
inch., The exidauon is not congidered to he serious and the photomicro-
graphs ore included primarily te document the oxidation. The tube metal
temperatures in the first rows of the second pass of the core ranged from
800 to 1300°F. The steady-statc metal temperatures were in the neighbor-
hood of 800°1, with peak temperatures in the 1300°F range during tran-
sients,

Since the incipicent oxidation was always assoclated with braze on the in-
side of the tubes, i.is reasonable to believe that even this slight oxidation
ceuld be eliminated with the elimination of the braze.

In general, the metallurgical investigation showed that the regenerator
was in ex~ecllent condition after 10 hours of dust ingestion and a total of
106 hours ergine testing,
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SOUND SURVEY ANALYSIS

Sound surveys were conducted on the Allisor Plant 10 flight focility amoon
as parasitic tests durving the performance o oluation of the T63 engine in
the Hugnes YOIH-ouA helicopter, Data were obtained crom both the regen-
crative (250-F3) and the standard CT63-20 5 engines so that the offect of
the regencrator on engine noyse could be dorern ted,

Changes in the exhaust nozzbe roquired by ine rallbation o0 the regenerator
are shown in Figures 25 through 27,

Identical test procediunres wore nscd an both cases o provide aniform data
for comparison purposes. The helicopter was hovered, i ground ffeet,
while neise was recorded, The noocrophone positions were in Tu-degree
increments 1o zero ront) to T80 degrees around the Lot sule of the
helicoptor on o 100=-Toot radies frons the madn rotor masi,

Data reduction was accomplished by plavies the noise recordings hoc!
through one-third octave filters. The filtered level was digitizoed so that
the microphone nd recording svstem corrections and all computations
could be made by computer. PNdAB conversions were made using the
tables .nd method given in SAE ARP 865, Sound power computations
followed the classical method as shown in Figure 28, Sound pressurce
level syiametry was assumoed in determining sound power,

Noise received by the microphone is a composite from engine and non-
engine sources,  The most important nonengine noise sources are the
helicopter main and tail rotors, The major portion of rotor noisce is
casily identificd because of its direct relation to rotor specd and number
of votor blades,  Table VII presents a description of the rotorr system and
the froquencies ot which rotor noise will appear,

Analvsis of the noise data procceded with two objectives in mind,

f ® Determine the o ffect of the regencerator on engine noise,
b ® -<valuale engine and rotor noise in terms of human environment,

1 The effeer of the 1egenerator on engine noise was analyzed in terms of
sound power to avoid the possible «onfusion arising from changes in sound
dircction associated with the installation of the regenerator,  One-third
octave band scund power levels for the 191 horsepower (hever in ground
effect af maximum gross weight) and 29 (idle) horsepower conditions arce
shown in IYigures 29 and 30, At 191 horsepower, tae dominance of rotor
noise clearly extends to the 400-1{z band, Above 100 Hz, the cffeet of the
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Figure 28. Sound Power Calculation Method.
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regencrator is clearly revealed as a two- to three-decibel reduction in
power level, Below 400 Hz, although partially obscured by the rotor
noise, a reduction in exhaust nozzle noise is evident in the 100-to 160-11z
bands., Even though the regenerator did produce measurable noise re-
duction, it is doubtful that the reduction would be noticed by a casual ob-
server since the two- to three-decibel high-frequency reduction is near
the threshold of detection (15 to 20% noise change) and the change in ex-
haust noise would be masked by the unchanging rotor noisce,

At idle, the comparison is confusing., Definite noise reductions cccurred
in the exhaust noise bands (80 to 160 Hz) and in the 315-to-500 Iz bands.
The source for the 315-t0-500 Hz bands is not known. Above the 630-1Hz
bund, noisc actually increased with the regenerator installed,  The ten-
deney to peak in the 1000- and 8000-Hz bands may point to an cxplanation
for this unexpected result. The peaking tendeney points to the presence
of discrete tones in these bands.  The tones appear in the same bands for
the regenerative and the nonregenerative configurations, indicating that
the source is related to speed variation.  Since the ratio of observed gas
produccr speeds (31, 183 to 27, 980 rpm) is greater than the ratio of band
center frequencies, theo tones must be associated with power turbine
speed,  The engine has only one source, the power takeoff drive gear,
which would contribuic to the 4000- and 8000-H~ bands, Details of the
helicopter's muin reduction gearbox train are not known, so possible con-
tributions from this source cannot be identified. Since the noise above
the 630-Hz band is linked to power turbine specds, it appears that at low
horsepower, this portion of the spectrum is dominated by gearbox noise
from the engine or the helicopter or both., The highe: levels observed
with the regenerator installed could be the result of the higher power
turbine speed during this testing.

Figure 31 presents the previously discussed noise reductions in direct
form as the difference for cach one-third octave band between the non-
regenerative and regenerative confipurations.

Perceived noise (PNdB) for the 191-horsepower and 29-horsepower con-
ditions is shown in Figures 32 and 33 in polar form to illustrate the vari-
ation in PNAB around the helicopter, Changes in perceived noise between
the regenerative and nonregenerative engine follow the obscrvations made
concerning sound power., At 191 horscpower, the regenerative configura-
tion is quicter by 1 to 3 PNdB from 20 degrees to 170 degrees around the
helicopter. At 29 horscpower, the regenerative configuration shows an
increase of 1 to 4 PNdB in the forward arc (0 to 110 degrecs), which way
due to variations in rotor speed,
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The maximum levels of perceived noise 101, 0 and 102, 53 PNdDB for the re-
generative and nonregenerative configurations f{all within the range of
commonly obscrved but undesirably high airport noi,e, These levels will
vary with changes in horsepower and/or distance., At distances or alti-
tudes of about 1000 feet, the maximum level should be 80 to 85 PNdB or
less which is generally acceptable by todav's standards,

Figure 34 shows the changes in perceived noise between the nonregenerative
and regencerative confipgurations for both 191 and 29 horsepower

The noise emitted from the helicopter was evaluated for possible hearing
damage risk using MIL-A-8806 Revision B (proposcd) as a guide, Flgure
; 35 shows a comparison of the criteria and the maximnum observed buand
E levels, The band levels were adjusted to account for the change in band

width prier to plotting them in Figure 35.

The maximum one-third octave band levels observed at 100 feet are shown

in Table VIII and do not indicate any significant damage risk for exposures
of about 1 housr or less.,

Hewever, crew members working within 25 feet
of the helicopter should be provided with ear protection if their exposurce
will exceed 15 minutes,

sl

The measured sound pressure levels used to compule sound power and
perceived noise levels are shown in Figures 36 through 57,

ey

TABLE VIII, MAXIMUM OBSERVED ©ONE-THIRD OCCTAVE
E' BAND SOUND PRESSURE LEVELS AT 100 FEET
l’ One-Third Octave Band Center Sound Pressure
‘ Frequency (Hz) Level (db)
’ 16 75
i 31,5 88
63 82
125 a1
250 Ju
I, 500 01
b ; 1000 88
2000 83
i 4000 7D
{ 8000 71
|
!
1L
i 45
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Figure 37.
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SUMNMARY OF RESULTS

1.  The third sct of regenerators successfully completed a 150-hour en-
durance test on the first attenipt with no indication of regencrator i
performuance deterioration or loss in structural integrity., The regen-
crators accumulated a total of 191 hours ind in excess of 278 starts
and 4500 accelerations,  Overall engine nerformanrce was within the f
5% allowuable depreciation at the completion of the test,

The second set of regenerators coneleted the carbon fouling test with
no performance depreciation, Engine performance after 3 hours!
idle running was the sume as the preendurance calibration,  Carbon
fouling was never a problem throughout the entire test program,

] 3. The second set of regencrators also successfully completed a 10-hour
] sand and dust ingestion test with no evidence of ¢rosion or deprecia-
tion in regenerator performance. Overall engine depreciation was
comparable to the depreciation encountered on the T63-A-5A without
a regenerator. There were no leaks in any of the tubes or braze
joints, and metallurgical examination showed no erosion or oxidation
i on any of the tubes, However, isolated tabes with braze on the inside
d diuameter of the tube indicated incipient oxidation in the braze diffusion
zonc and on the surface of the braze.

4. The addition of 4 regenerator reduced the souna power level and per-
ceived noise level one to three decibels. Fven though the regenerator
did produce measurable noise reduction, it is doubtful that the reduc-
tion would be noticed by a casual observer, since the two- to three-
decibel high-frequency reduction is near the threshoald of detection
(15 to 20% noise change) and the change in exhaust noise would be
masked by the unchanging rotor noise.
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CONCILUSIONS AND RECOMMENDATIONS

The test data obtained during this program have demonstrated the feasi-
bility of a4 regenerative engine as a powerplant for aircraft operation,
There was no eviaence of excessive performance aepreciation, erosion,
carbon fouling, or loss of structural integrity, The test results did not
reveual any inherent design characteristics which indicate that the service
life of the regencerators is not equivalent to that of the basie engine.

IFuture design studies for small gas turbines should consider the adv.an-
tages of regeneration.  Engine-aircraft design studies should be made to
evaluate the effect of the lower required fuel capacity on overall aireraft

i design and performance, TFor those aireraft requiring infrared supnres-

sion, the reduced infrared signature of the regencrative aircraft can be

taken into consideration when determining overall aireraft design and

performance,
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