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Limited cngineering tests were
conducted to determine the perform-
ance characteristics of the YT53-1l.-
13 gas turbine engine installed in
the Ull-1D helicopter, The tests
were also conducted to determine the
approximate additional performance
available from a UH-1D when equipped
with the YT53-L-13 engine.

The US Army Aviation Test Board
(USAAVNTBD) was designated as Lxecu-
tive Test Agency, responsible for
conduct of the limited Phasc E eval-
uation and the US Army Aviation Test
Activity (USAAVNTA) was designated
as Participating Test Authority,
responsible for conduct of theengin-
cering tests.

Ingineering flight tests were
conducted by USAAVNTA at the Con-
tractor's facility in Fort Worth,
Texas, during the period 19 January
through 28 January 1965, A total

P L bl

productive test time of 7,9 hours
was flown,

Specific fuel consumption char-
acteristics were tound to be higher
than thosec presented in the Engine
Model Spucification,

Ingine characteristics were
found to be generally satisfactory
during climb and level flight tests.
The engine critical altitude (alti-
tude at which maximum power cannot
be maintained) was found to be 2,000
feet at standard~day conditions,

The climb tests, which were con-
ducted at takeoff gross weights of
8600 and 9500 pounds, showed a de-
creasc of rate of climb from pre-
dicted values, at approximately 7000
and 5000 feet, respectively. This
decrease in climb performance was
due to a deterioration of the rotor
characteristics, since the engine
was capable of delivering full power
up to 12,000 feet,
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1.2 AUTHORITY

Letter, AMCPM-TR-T, lieadquar-
ters, US Army Materiel Command,
8 July 1964, subject: "USATECOM
Plan of Test, Project No, 4-3-0150-
10, Evaluaticn of Alternate [Lngine
Installation in the UH-1D Helicop-
ter," undated, with lst Indorsement,
AMSTE-BG, Headquarters, US Army Test
and Evaluation Command, 20 August 1964

1.3 OBJECTIVE

The objective of this limited
test was to determine the pertorm-
ance characteristics of the YT53-L-
13 engine installed in the UH-1D
helicopter,

1.4 RESPONSIBILITIES

1.4,1 The US Army Aviation Test
Board (USAAVNTBD) was assigned re-
sponsibility for coordinating the
test plan preparation, executing the
limited serviceability testing, and
coordinating the test reporting.

1,4,2 The US Army Aviation Test
Activity (USAAVNTA) was assigned re-
sponsibility for coordinating the
planning and reporting of the engin-
eering portion of the test with
USAAVNTBD and executing this portion
of the test,

1,5 DESCRIPTION OF MATERIEL

The TY53-L-13 is a turbine en-
gine rated at 1400 thermodynamic/
1100 chaft horsepower, The engine
has the same physical envelope and
is interchangeable with the T53-L-
11 engine currently installed in the
UH-1D helicopter,

The YT53-L-13 engine perform-
ance ratings were changed during the
test period., The following table
presents a list of the performance
ratings at sea level static condit-
ions as revised from the original
Engine Model Specification (Refer-
ence 1,1,1):




PHOTO NO.1
YT53-L-13 ENGINE

The test aircraft was a Ull-1D
helicopter with a 48-foot rotor.
Sensitive instruments were installed
on the pilot's and copilot's instru-
ment panels, The test pitot-static
system was attached to a 7-foot boom
that was mounted on the nose of the
aircraft,

PHOTO NO.2 -UH-1D




1.6 BACKGROUND

1.0.1 The Army has a continuing re-
quirement to attain the optimum po-
tential from all cquipment in the
inventory. The ultimate usefulness
of the Ull-1D helicopter could be en-
hanced by an improvement in the
hovering and climb capabilities,

1.6,2 1In April and May 1903, Bell
Helicopter Company submitted pro-
posals to install and evaluate a
YT53-L-13 as an alternate power plant
for the Ull-1D helicopter, The power
plant manufacturer's test data indi-
cated that the UH-1D hovering capa-
bility, climb performance, acceler-
ation, and/or throttle responsc would
be improved with the alternate power
package,

1.6.3 The Iroquois Project ‘'lanager
(AMCP1-TR-T) requested that the US
Army Test and Evaluation Command
accomplish engineering tests to mecet
the objectives previously stated,

1.7 FINDINGS

1.7.1 ENGINE STARTING CHARACTERISTICS
It was necessary to start the
test engine in two phases to avoid
excessive exhaust gas temperatures
(EGT), Previous models had been
started in a single phase,

1.7.1,1 First Phase

The first phase of the two-
phase engine start consisted of the
following:

a, The threttle was posit-
ioned at a peint approximately 3/4 of
the travel from full-off to the sole-
noid-operated idle detent,

b, The starter trigger
switch was engaged, a light-off was
observed and the start fuel was turmed

off at 20 percent gas producer (N])
rpm.  (Start fuel had been turned off
at 25 percent N} in the single-phase
start of previous models.)

c¢. The starter trigger
switch was released at 45 percent N),
(The starter trigger switch had been
relcased at 35-42 percent in previous
models.)

M complction of this first
phase and without throttle manipula-
tion, rpm stabilized at approximately
45 percent N). Elapsed times for this
phase varied from 30 seconds for a
cold engine to 20 seconds for a warm
engine, Maximum observed EGT's were
460 degrecs Centigrade (C) (cold en-
gine) and 500 dearees C (warm engine).
These LGT's were well below the limit
of 649 degrees C. (LGT's of 650 to
760 degrees C were permitted for 5
seconds,)
1.7.1.2 Second Thase
In the second phase of the
twvo-phase ecngine start, the throttle
was advanced from its initial posi-
tion (45 percent N]) to the idle de-
tent (67 percent N]). Accecleration
times and pcak EGT's depended on
technique, Abrupt throttl: movement
resulted in rapid acceleration and
pcak LGT's near the limit, Careful
throttle handling resulted in accel-
eration times of 30 to 45 seconds and
peak ECT's of 500 to 550 degrces C.
All engine starts were perforned in
relatively cool amhient temperatures
between 25 and 70 degrees Fahrenheit
(F) and with external power,



Typical engine readings
with the throttle at the solenoid-
operated idle detent were as follows:

Nl 66,8 %
Mo 4200 rpm
Torque 6 psi
Ingine 0il Pressure 73 psi
Transmission
Nil Pressure 50 psi
1,7.2 ENGINE ACCELLRATION
CHARACTERISTICS
1,7,2.1 Engine Accelcration Charac-

teristics - Ground

Typical engine readings at
flat pitch and full throttle were as
follows:

Hl 82,2 %

Nz 0600 rpm (Sclected by
governor)

EGT 500° C

Torque 12,5 psi

Three to four seconds were
required to accelerate to these
values from thosc presented in Para-
graph 1,7.1

1.7.2.2 Engine Acceleration Charac-
teristics - Alrborne

Response during power re-
covery from autorotation (near flat
pitch) was satisfactorily rapid with
needles joining coincidentally with
throttle movement, The rate at which
N1 rpm increased during full-throttle
collective application was rapid and
satisfactorily uniform below 10,000
feet, At higher altitudes, acceler-
ation through the rpm range from 80
to 88 percent was noticeably slower
than at lower and higher rpm's but
was acceptable,

PHOTO NO.3 - PHOTO RECORDER
1.7.3 BLELD BAND OPERATION

The increased compressor ratio
of the YT53-L-13 enpgine has made the
operation of the compressor air bleed
system more important than that used
on previous models, The requirement
for precise bleed scheduling has re-
sulted in abrupt opening and closing
of the bleed band; this, in turn, has
resulted in abrupt changes in power,
In the test installation, the sudden
directional input that accompanied
the power change was particularly
noticeable under the following flight
conditions:

a, Power Recovery from Prac-
tice Autorotation

An abrupt but controllable
right yaw occurredas collective was
applied to stop the descent,

b, Light-Weight, Low-Speed
20 to 50 knots 1indicated
alrspeed (KIAS) ) Level

Flight
Small but abrupt yaw in-

puts occasionally accompanied small
changes in collective.

¢c. Air Taxiing at Light
Wéfghts in ggh; ﬁurbu-

ence

The collective changes mnde
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necessary by wind and turbulence
caused bleed band actuation and dir-
ectional deviation that tended to
make precise control of heading and
height more difficult,

1,7,4 EMERGENCY FUEL CONTROL
OPERATION

When emergency fuel control
was used, engine readings with the
throttle at the idle detent were as
follows:

Nl 45.4 %
N2 2550 rpm
EGT 440° C
Torque 2 psi

When emergency fuel control
was used, throttle sensitivity dur-
ing hovering and transitioning to
forward cruising flight did not
appear to differ from that of pre-
vious models and was acceptable.

1.7.5 TORQUEMETER

Because the YT53-L-13 has
over 25 percent more power at sea-
level standard-day conditions than
the transmission can absorb, it is
capable of providing transmission
limit torque over a much wider range
of ambient temperatures and operating
altitudes, Thus, with this en; -e,
pilots will refer to the torqueme.:r
as their primary power-limiting in-
strument on a much greater proportion
of flights, The instrument's in-
adequate size and poor readability
will, therefore, have much more oper-
ational significance, A larger and
more readable instrument should be
furnished as standard aircraft equip-
ment,

1,7.6 HOVERING

Installation of the YT53-L-13

engine in the UH-1D caused the out-
of-ground-effect (OGE) hovering ceil-
ing to be increascd by an average of
1200 feet., Under sea-level, stan-
dard-day conditions, the UH-1D
equipped with the YT53-L-13 engine
could hover OGE at a gross weight of
10,000 pounds, and in-ground-effect
(IGE) (2-foot skid height) at a gross
weight of 11,800 pounds. The Ul-1D
hovering data for IGE and OGE con-
ditions were not available, without
cxtrapolation, to allow calculation
of hovering ceilings under standard-
day conditions above 8000 feet,.

1.7.7 CLIMBS

The installation of the YT53-
L-13 engine increased the overall
climb performance of the Ul-1D over
that previously obtained from the
T53-L-9 engine.

The climb tests, which were
conducted at takeoff gross weights of
8600 pounds and 9500 pounds, showed a
decrease of rate of climb from pre-
dicted values, at approximately 7000
and 5000 feet, respectively, This de-
crease in climb performance was due
to a deterioration of the rotor char-
acteristics since the engine was cap-
able of delivering full power up to
12,000 feet,

The service ceilings (altitules
at which the rate of climb is 100 fect
per minute) were found to be 24,000
feet at a climb-start weight of 7000
pounds; 18,500 feet at a climb-start
weight of 8600 pounds; and 15,400 feet
at a climb-start weight of 9500 pounds.
All climbs were corrected to the air-
frame manufacturer's recommended con-
tinuous torque limit of 926 foot-
pounds, which is equivalent to 1160
shaft horsepower (shp) at sea-level
standard-day conditions and a trans-
mission input of 6600 rpm,

All climbs were corrected to



the maximum power available on a stan-
dard day. This power available was
based on the engine contractor's tem-
perature bias curve. A limited amount
of data from the 7000-pound climbs
showed a decrease of approximately 20
percent from the contractor's curve,
This deviation wculd cause a decrease
in maximum power available and, hence,
a decrease in service ceiling.,

1,7.8 LEVEL FLIGHT

The limit airspced flown dur-
ing this test is shown in Figure 1,
The airspeed envelope was furnished
by the airframe manufacturer prior
to the tests,

L 5, UP O
o0 LIS

(e, LT TO
'Ch;!m LES

A A
A A

Uald LES =

For the conditions flown, the
power-required data showed good agree-
ment with that obtained in the 'Cate-
gory - Type II Performance Tests of
the YIIU-1D with a 48-Foot Rotor"
(Reference 1,1.k).

Specific range calculations were per-
formed using the power-required data
from Reference 1,1,k and the fuel-
flow characteristics presented in
Figure 16, Scction 3, Appendix I,

The recommended cruise airspeed was

determined at the optimum specific
range,

A comparison of the aircraft's
specific range with the YT53-L-13 and
the T53-L-9 engine installations is
presented in Figure 2, The specific
range of the YT53-L-13 was decreased
by approximately 2.5 percent at sea
level and 5000 feet. The specific
range was decreased by approximately
2 percent at 10,000 feet, At 5000
and 10,000 feet, specific range was
determined for gross weights ranging
from 6000 to 8000 pounds and 6000 to
7000 pounds, respectively. The
optimum specific range could not be
obtained above these weights and
altitudes becausc of airspeed limits,

A comparison of referred fuel
flow versus referred shp for the
YT53-L-13 and the T53-L-9 engines,
Figure 16, Section 3, Appendix I,
showed that at sea-level standard-day
conditions the fuel flow of the YTS53-
L-13 engine was increasecd signifi-
cantly when the bleed band was pro-
grammed to be in the open position at
N1 spceds less than approximately 86
percent, While the bleed band was in
the open position, the engine air
flow was decreascd and the fuel flow
and EGT's were increased,



1.8.1 The YTS3-L-13 engine was
found to be acceptable for install-
ation in the UH-1D helicopter,

1,8,2 The YTS52-L-13 engine installed
in the UH-1D improved the following
performance characteristics of the
helicopter:

a, At gross weights from 6000
pounds to 8500 pounds, the OGE hover
ceiling was increased by an average
of 1200 feet on a 95-degree F day.

B}
[ ]

a, The fuel-flow character-
istics of the YT53-L-13 engine should
be improved so that they are compar-
able to fuel-flow characteristics of
the T53-L-9 engine, (Paragraph 1.7.8)

b. The engine fuel control
should be modified to eliminate the
directional control inputs, which are

b. The OGE hover ceiling at
9500 pounds was increased from 1000
feet to 5000 fect on a standard day.

¢, The standard-day climb
service ceiling was increased by 4000
fecet at a takeoff gross weight of
9500 pounds.

1.8.3 The YT53-L-13 engine installed
in the Ul-1D reduced the specific
range of the helicopter under sca-
level standard-day conditions.

caused by the bleed band operation,
so that the bleed band is actuated at
a lower Nj speed, (Paragraph 1.7,8)

c., Further tests should be con-
ducted on the UH-1D to determine any
detrimental effects of altitude per-
formance resulting from the higher
installed power, (Paragraph 1.,7.8)
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2.0 INTRODUCTION

Inginecring flight tests were
conducted to determine the limited
performance characteristics of the
YT53-L-13 engine installed on the
UH-1D helicopter by USAAVNTA, at
the contractor's facility in Fort
Worth, Texas. Thirtcen flipghts wermr
conducted for 7.9 productive flight
hours. These tests were accomplished
during the period 19 January through
28 January 1965, <

These tests were conducted in
non-turbulent air so that accurate
performance data could be ohtained.
Test data were hand-recorded from
sensitive instruments or recorded
automatically from a photo panel.

CLIMBS
OBJECTIVE

2.1
2.1.1
Climb tests were conducted to
determine the performance during
climbing flight and the service
ceiling at the best climb airspeed.
2.1,2 METHOD
Continuous climb performance
tests were conducted from sea level
to service ceiling at threec gross
weights, Power used for these climb
tests was 1160 shp, which cu.res-
ponded to the airframe contractoi’:
maximum torque limit of 926-foot-
pounds at 6600 engine rpm up to the
engine critical altitude. Above
critical altitude, the power used was
that which corresponded to the Nj
"Topping" limit as defined by the
engine contractor's temperature bias
curve,

A,"l-' 2 {
a.""'k-‘m e 4-:!; 3

2.1,3 RESULTS

Test results are presented
graphically in Figures 3 through 5,
Section 3, Appendix I,
2.1.4 ANALYSIS

Presented in Paragraph 1.7,.7
(Findings),

2,2 LEVECL FLIGHT
2.2.1 OBJECTIVE

Tests were conducted in level
flight to determinc range, endurance,
and increase in maximum airspeed as
a result of the YT53-L-13 engine
installation in the UlI-1D,

2.2,2 METHAD

Speed-power tests were con-
ducted at various conditions of alti-
tude, gross weight, and rotor speed.
Each spceed-power was flown at a con-
stant value of gross veight/,. This
required increasing altitude as fuel
was consumed, During the tests, data
were recorded in stabilized level
flight at various airspeeds through-
out the allowable speed range at
approximately 10-knot increments to
define adequatcly the power-required
characteristics. In addition to
basic power parameters, fuel-flow
data were recorded,

2,2.3 RESULTS

Test results are presented
graphically in Figures 7 through 11,
Section 3, Appendix I.



2.2.4 ANALYSIS

Presented in Paragraph 1,7,8
(Findings).

2,3 AIRSPEED CALIBRATION

2.3.1 OBJECTIVE

The objective of this test
was to determine the position error
of the test airspeed system,

2,3.2 METHOD

The calibrated trailing bomb
was used to obtain airspeed cali-
bration of the test system, The air-
speed from the trailing bomb was com-
pared to the test airspeed system
while the aircraft was flown in sta-
bilized level flight,

2.3.3 RESULTS

Test results are presented
graphically in Figure 12, Section 3,
Appendix I,
2,3.4 ANALYSIS

The test airspeed had a po-
sition error of +3,5 KIAS,

10
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GENERAL ENGINE INFORMATION

1.,  ENGINE DESCRIPTION

The YT53-L-13 engine, rated at
1400 shp, is a successor to the T53-
L-11 engine. The additional power
has been achieved with no change in
the basic T53-L-11 cngine envelope
mounting and connection points and
with a 6 percent increasc in basic
engine weight,

The performance gain is accom-
plished thermodynamically by the
mechanical integration of a modified
axial compressor, a two-stage com-
pressor turbine, and a two-stage
power turbine into the T53-L-11 en-
gine configuration,

Replacement of the first two com-
pressor stators and changing of the
first two stages of compressor rotor
blades and disks results in an
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approximately 20 percent increase in
mass air flow through the engine,
This is accomplished without the use
of inlet guide vanes,

An inlet flow fence, located on
the outer wall of the inlet housing
in the area of the previously used
inlet guide vanes, provides the de-
sired inlet conditions for thec trans-
onic compressor during acceleration
at low speeds, At compressor speeds
up to 70 percent, ths fence is in
the extended position as shown in
Figure 3. Above 70 pcrcent, the flov
fence is retracted into the outer
wall of the inlet housing, Similar
to a piston ring, the circumference
of the flow fence is changed by the
action of a piston actuator powered
by compressor discharge pressure,

RETRACTED

FIG. 3 ,COMRESSOR INLET FLOW PENCE 11-1




The specification for this engine
allows the use of JP-4 or JP-5 type
fuel for satisfactory operation
throughout the engine's operating
envelope, During this program, JP-4
fuel was used,

2. POWER CONTROL SYSTEM

The fuel control for the YT53-L-
13 engine is a hydro-mechanical type
of fuel control, It consists of the
following main units:

a. Dual-eclement fuel pump

b. Gas producer speed governor

¢. DPower turbine speced topping
governor

d., Acceleration and deceler-
ation control

e, Fuel shut-off valve

f, Transient air bleed control

An air bleed control is incorpor-

ated within the control to provide
for opening and closing the compress-
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or intcrstage air bleed in response
to the following signals present in
the power control:

a., Gas producer spced

b. Compressor inlet air temper-
ature

c. Tuel flow

The fuel control is designed to
be operated ecither automatically or
in an cmergency mode., In the emer-
gency position, fuel flow is termin-
ated to the main metering valve and
is routcd to the manual (emergency)
metering and dump valve assembly,
thile in the emergency mode, fuel
flow to the cengine is controlled by
the position of the manual metering
valve, which is directly connccted
to the power lever (twist grip).
During the cmergency operation,
there is no automatic control of
fuel flow during acceleration and
deceleration; thus, EGT and schedule
must be pilot-monitored.
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ArPeENDIx Il

SYMBOLS and ABBREVIATIONS

TAS (V)

CAS (V) (V ,,)
Korie)

IAS

max
OGE

1GE
C.G,

Gh
RP'1/rpm
°C

Definition
Truc Airspeed
Calibrated Airspeed
Knots
Indicated Airspced
Maximum Airspced Attainable
Out of Ground Effect
In Ground Effect
Center of Gravity
Gross WWeight
Revolutions per Minuce
Degrees Centigrade
Desrees Fahrenheit
Shaft llorsepover
Rate of Climb
Tine ro Climb
Thrust Coefficient

..autical ‘liles Traveled

Nautical ‘iles Per Pound of Fuel

Gas P'zaducer Speed
Power Turbine Speed
Rotor Specd

Lxhaust Gas Temperature

Air ’lass Uensity

Unit

Knets
Kiiots
Knots
Knots

Kiuiots

Inches
Pounds
Degrees
Degrees
Feet per Minute

“linutes

Percent rpm
Percent rpm
rpNn

Degrees

Lb-sec2

t
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APPENDIX |V

COO0RDINATION

Coordination has
with the U, S. Amn
Board and the

becen effected
y Aviation Test
Bell llelicopter Company,
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