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Specification No. 2253-A

PRELIMINARY
MODEL SPECIFICATION *

ENGINE, TURBOJET, HELICOPTER ROTOR-TIP MOUNTED

CONTINENTAL AVIATION AND ENGINEERING CORPORATION
CONTINENTAL MODEL 357-1

I. SCOPE

1.1 Scope. - This specifications cover the require-
ments of the CAE Model 357-1 turbc jet engine for helicopter rotor tip
applications.

1.2 Classification, - The CAE Model 357-1 has an
annular ram air inlet; a single-stage transonic axial compresscr, a
single-stage centrifugal compressor, a straight-through flow annular
combustion chamber; a single-stage axial flow turbine; and a plug
nozzle type exhaust.

The engine is designed as a simple cycle,
rugged, lightweight, engine intended for helicopter rotor tip
mounted operation.

2. APPLICABLE DOCUMENTS

2.1 Specifications. - The following specifications
form a part of this specification except as modified herein:

MIL-E-5007B Engines, Aircraft, Turbojet,
Genera! Specifications for:

MIL-E-5009B Engines, Aircraft, Turbojet,
Qualification Tests for:

MIL-E-5010B Engines, Aircraft, Turbojet,
Acceptance Tests for:

*Format complies with Military Specification MIL-E-5008B, "Engines,
Aircraft, Turbojet, Model Specification For (Outline ard Instructions
for Preparation)'',
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.2 Publications. - The following publications
shall be applicable to this specification except as specified herein:

ANA Bulletin 343p Specifications and Standards
Applicable to Aircraft Engines
Use of:

ANA Bulletin 438a Age Control of Synthetic
Rubber Parts

3. REQUIREMENTS

3.1 Model Specification. - This specification conforms
to Specification MIL-E-5008B in basic format. Deviations, and/or addi-
tional requirements due to the extreme force field existing at the normal
operating conditions, are defined under similar or appropriate paragraph
headings and numbers.

3.4 Performance Characteristics. - The engine per-
formance ratings and estimated pericrmance characteristics are
based upon the use of fuel having a lower heating value of 18, 400
B.t.u./lb. and otherwise conforming to Specification MIL-J-5161,
Grade 1; and oil conforming to Specification MIL-L-7808. These
data indicate performance attainable under standard or specified
conditions, with no air being bled from the compressor, with the
power control system specified herein, and with the optimum jet
nozzle as furnished with the engine.

3.4.1 Fuel. - The engine shall function satisfactorily
throughout its operation range for any steady-state and transient opera-
ting condition when using fuel conforming to Specification MIL-J-5624,
Grade JP-4.

3.4.1.1 Alternate Fuel. - The engine shall function
satisfactorily throughout its complete operating range when operated
with fuel conforming to Specification MIL-J-5624, Grade jJP-5.

3.4.1.2 Emergency Fuel. - The requirements of this
paragraph shall apply except that tuels conforming to Specification
MIL-G-5572 shall not be limited to Grade 115/145.
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3.4.1.3

Fue! Contamination. - The engine shall function

satisfactorily when using fuel contaminated to the extent specified

below:

Contaminant

Iron Oxide
Iron Oxide

Particle Size

0-5 Microns
5-10 Microns

Quantity

28.5 ym/ 1000 gal,
1.5 gm/iN0Q gal,

Sharp Silica Sand
Sharp Silica Sand

40-50 Mesh
50-100 Mesh

1.0 gm/1000 gai.
1,0 gm/1000 gal.

Prepared Dirt Conform-
ing to AC Spark Plug
Company, Fart No.
1543637, (Coarse
Arizona Load Dust)

Mixture as follows:

Microns Percent
0-5 12
5-10 12
10-20 14
20-40 23
40-80 30
80-200 9

8.0 gm/1000 gal,

Cotton Linters

Grade 6, Staple be-
low 7; second cut
linters. (Per U.S.
Department of Agri-
culture Standards)

0.1 gm/1000 gal.

Crude Naphthenic Acid

0.03 percent by
volume

Salt water in accordance
with salt spray solution
per MIL-E-5272, except
using a 4 percent salt
concentration

0.0] percent en-
trained

3.4.3

not exceed the following:

Oil Consumption. - The oil consumption shall

1.0 1b. /hr. at Military rated thrust or below

The estimated maximum oil consumption during average
service usage is 0,8 pounds per hour,
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3.4.4 Ratings. - The performance ratings shall be
as listed in Tables 1, 1A, and 2. These data indicate performance
under standard conditions, with no air being bled from the compres-
sor, and using an optimum jet nozzle area.

TABLE 1
PERFORMANCE RATINGS
STANDARD SEA LEVEL STATIC CONDITIONS

Specific
Fuel Measured

Net Jet Engine Consump. Gas

Thrust{ Rotor Speed |lb /hr /1b.-| Temp. Airfl;w

Pounds (Max. ) thrust (Max. ) + 3%
Rating (Min.) [ r.p.m.~ 7 (Max. ) F. c.! b / sec.
Military 1700 22,000 100.0 0.99 1300 704 28.2
Normal 1375 20,790 ©94.5 0.98 1150 622 26.9
90%Normal 1225 20,130 91.5 G.99 1080 583 25,3
75%Normal 1025 19,140 87.0 1.03 1030 555 24.2
Idle 130% | 9,500/ 43.2 420%x 1240% 671 -

NOTE: It shall be permissible to increase speed at
and 75 percent ratings to meet specified thrust guarantees
providing that, at the increased speed necessary, the speci-
fied specific fuel consumption is not exceeded.

* Estimated

TABLE 1-

** 1b /hr.

A

PERFORMANCE RATINGS
STANDARD SEA LEVEL HOVER CONDITION - V = 650 .ft /sec.

the 90 percent

Military
Normal

Specific
Fuel Measured
Net Jet Engine Consump. Gas
Thrust-| Rotor Speed 1b/hr /lb. - Temp. Airflow
Pounds Meax. thrust (Max. 2 +3%
(Min.) | r.p.m., = 7 (Max. ) F. C.

1540
1165

22,000
20,790

100.0
94.5

1300
1150

704
622
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TABLE 2
PERFORMANCE RATINGS
6000 FT. ALTITUDE, 95°F DAY, HOVER CONDITION=*

Specific
Fuel Measured
Ne! Jer | Engine Consump. Gas

Thrust-| Rotor Speed 1b /hr /lb. - Temp. Airflow

Pounds (Max. ) thrust (Max. 2 +3 %
e oF C

Rating (Min.) | r.p.m. =— % | (Max.) . . |16 /sec.
ﬁ —————r——

Military 1070 22,000 100.0] 1.30 1310 708 24.0
Normal 880 {20,790 94.5 1.295 1160 626 | 23.0

* Rotor Tip Spced, V = 650 ft./sec.

3.4.5, Estimates. - Estimated performance curves,
Figures 1 through 4, shall constitute a part of this specification.
These data indicate performance predicated upon: no inlet duct los-
ses, no air being bled from the compressor, operation based upon
the minus tolerance of the power control system, operation at stand~
ard or specified conditions, and use of an optimum jet nozzle area.

3.4.5.1 Corrections. - Minimum corrections are pre-
sented in Figures 5 through 16. Corrections applicable to the opera-
ting conditions will be presented in a subsequent revision of this
specification.

3.4.6 Altitude - Temperature Limits. - The estima-

ted engine operation and starting limits are shown in Figures 17 and
18.

3.4.6.1 Sea Level Operating Limits. - The engine shall
function satisfactorily up to and including a ram pressure ratio of 1.78
at standard sea level conditions, at -65°F (-54°C.) ambient tempera-
ture, and at +115°F. (+46° C.)ambient temperature.

3.4.6.2 Flight Starting Limits. - The estimated flight
starting limits are shown in Figure 18.

3.4.6. 4 Absolute Altitude. - The absolute altitude of
the installed engine shall not be less than 25, 000 feet at a ram pres-
sure ratioof 1.7.
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3.4.7 Flight Conditions. - Flight cordition requirements
conventionally outlined as MIL- E5007B do not represent appiicability to
a turbojet engine used as a helicopter rotor tip mounted propulsive device.
In lieu thereof the following shall apply' '""The engire shall operate satis-
factorily during all flight conditions encountered during helicopter opera-
tion wherein the engine is rotor tip mounted and subjected to the flight
maneuver forces specified in paragraph 3.14 and Table 3."

3.4.9 Idle. - The idle position on the ground as set by the
power lever idle positmhall be 9500 r.p.m. + 1000 r.p.m. No provisions
for ground reduction shall be made. The idle thrust shall not exceed 10
percent of the maximum thrust from sea level to 6000 feet altituce.

3.4.10 Reverse Thrust. - No provisions {or reverse thrust
shall be made.

3.4.11 Thrust Transients. - The provisions of this para-
graph shall apply to the transients listed below. The values shown shall
be applicable for operating conditions during which the engine inlet air
velocity is 650 feet par cecond.

a. From idle condition to military thrust
available 9 seconds, from sea level to
6000 feet.

[y
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b. From 30 percent military to military thrust
available, 5 seconds, from sca leve} to
6000 fee’.

c. From idle condition to military thrust available
12 seconds, from 6000 feet to the absolute
altitude.

d. From military thrust condition to idle thrust,
5 seconds from sea level to 6000 feet.

3.4.12 Stability. - The requiremsents of this paragraph
shall apply while hovering in still air conditions. The over-all sta-
biiity requirements compatible with conditions of forward flight will
be defined in a subsequent revision of this specification.

3.4.13 Rate of Pressure and Temperature Change. -
The requirements of this paragraph shall not apply.

3.4.15 Measured Gas Temperature. - The maximum
allowable measured gas temperatures shall be as follows:

Temperature
Condition oF. oC.
Military 1330 722
Normal Rated and Below 1180 538

Starting {1,500 - 11,000 r.p.m.) 1450 788

The maximum allowable measured transient gas
temperature shall hot exceed 1375%F.(746°C.)for more than 3 seconds
at engine speeds greater than 11,000 r.p.m. In no case shall the
measured transient gas temperature exceed 1600°F. (872°C.).

3.4.15.1 Measurement. - The exhaust gas temperature
measurement device shall consist of 5 chromel-alumel type thermo-
couples arranged to detect reptesentative exhaust gas temperatures.
The thermocouples shail be 80 wired to present an average tem-
perature signal. The EMF output of the thermocouples used shall
conform with the values given ih National Bureau of Standards Circu-
lar No. 561. The cockpit indicating instrument shall be required to
accept a signal range from 0°F, to 1800°F. (-18°C. to 982°C.).
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3.4.16 Starting. -

3.4.16.1 Engine Starting. ~ The engine shall consistently
be capable of satisfactory ground and air starts within the limits es-
tablished in Figures 17 and 18. Satisfactory starts shall be made
within the time limits shown in Figure 1 of Specification MIL-E-5G07B
when using a starting system compatible with the requirem=nts shown
in Figure 19.

3.4.16,2 Starting Torque and Speed Requirements. -
The starting torque and apeed requirements are shown in Figure 19.

3.4.16.3 Restart Time. - The minimum allowable tims
between ground starting attempts, as determined by engine systemn
limitations, shall be 30 seconds. Starts may be attempted following
a 10 second purging period of engine motoring at 75 to 100 percent
firing speed (1500 - 2000 r.p.m.)

3.4.17 Thrust Indication. - Nc provisions for thrust
indication shall be provided.

3.7 Drawing and Data. - The following Continental
Aviation and Engineering Corporation drawings form a part of this
specification:

Engine Installation - Drawing No. 705500
Engine Assembly - Drawing No. 705501
3.8.3 Change in Vendors, - The requirements of this

paragraph are revised to read: - Changes made in vendors or fabri-
cation sources shall be in accordance with the provisions of ANA
Bulletin No. 423a; Specific substantiation test procedures for each
item shall not be required. Substantiation procedures shall be as
agreed between the contractor and the using service.

3.11 Electrical System. -

3.11.1.1 External Electrical Power. - The estimated
power requirements of the engine which must be supplied from
sources external to the engine shall be as follows:
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Maximum Approximate
Amperes Rotor
Volts at €0°F. R. P. M.
Starting Fuel
Solenoid 10-30 DC 2.0 2000-6000
Ignition Coil 10-30 DC 3.0 2000-6000
3.12 Drv Weight of Complete Engine. - The dry

weight of the complete engine shall nct exceed 365 pounds including
the following components; fuel pump, fuel control system, oil pumps,
oil filter, ignition system, thermocouples and harness, air starting
manifold, and integrai oil reservoir.

3.12.1 Weights of Additional Equipment. - The follow-
ing additional equipment may be furnished by Continental Aviation and
Engineering Corporation:

Oil Cooler 5 1b.

3.12.2 Weights of Residual Fluids. - The weight of the
fluids remaining in the engine following operation and drainage is esti-
mated to be 3.2 1b.

3.14 Flight Maneuver Forces. - In addition to the re-
quirements of this paragraph, the engine and its supports shall operate
satisfactorily when subjected to the load factors and angular velocities
as summarized in Table 3. In addition, transient "R'" loadings up to
to 259g shall be permissible providing they are limited to a total of
30 minutes per 1000 hours of operation and to a duration not to exceed
one (1) minute per occurrence.

The direction of engine ioads summarized in
Table 3 are as shown in Figure 27.

3.14.1 Simulated Flight Maneuver Forces. - The engine
and its supports shall not experience structural failure when subjected
to overloads equivalent to 1.5 times the values specified in paragraph
3.14 and Table 3. Such overloads may, however, render the engine
inoperable.
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3.16.1 Mass Moment of Inertia of Rotating Parts. -
The effective mass moment of inertia of the rotating parts, about the
rotor axis, 1s 2. 3 pound-feet squared.

3.17 Engine Vibration. - The maximum permissi-
ble case displacement, at or above 110 c.p.s., when measured laterally
(side-to-side) or vertically in the vibration measuring plane specified
on the installation drawing shall not exceed the following:

Maximum Double Ampli-
tude (Peak-to-Peak)
Engine R.P. M. Displacement - Mils.

Front Pickup Over 16, 000 1

Below 16, 000 3

Below 16, 000 5.0 transient
Rear Pickup Over 16, 000 1
Below 16, 000 3
5

Below 16, 000

oo wmWw

.0 transient

3.18 Comprecsor Air Bleed. - Provisions for =x-
traction of compressor bleed airflow, other than that specified in par-
agraph 3.21 (Anti-Icing) of this specification, shail not be made.

3.19.1 Engine Heat Rejection. - The estimated sea
level heat rejection is shown in Figure 21.

3.19.2 Limiting Zone Temperature. - All external
zones of the engine shall be capable of continuous operation when
surrounded by air at an ambient temperature of 250°F.

3.19.3 Oil Flow and Heat Rejection. - An air-to-oil
heat exchanger may be furnished as engine mounted additional equip-
ment. The estimated airflow requirement, the oil cooler air pres-
sure drop, and the oil temperature differential shall be as listed
below:

11
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Oil Cooler Air Oil Temperature
Required Airflow Pressure Drop Differential
2.0 lb/sec. 7 41 inches Hp0 100°F.
3.20.1} Intake Protection. - An intake screen shall not
be provided on the engine.
3.20.2 Inlet Duct Attachments. - The engine inlet duct

attachments are of the bolted-flange type.

3.20.3 inlet Air Pressure Variation. - The estimated
radial and circumferential pressure distribution limits than can be
tolerated without measurable performance loss shall be + 3 percent of
the mean inlet total air pressure, measured at the engine inlet. The
estimated maximum variation which can be saiely tolerated shall be
+ 7-1/2 percent of the mean inlet total air pressure. Performance
losses with variation greater than + 3 percent will be presented in a
subsequent revision of this specification.

3.20.4 Inlet Connection Loads. - The maximum allow-
able loads which may be applied at the inlet flange shall be as follows:

Shear - 300 pounds
Axial - 300 pounds
Overhung Moment - 800 inch-pounds
3.21.1 Type of Anti-Icing. - Anti-icing operation shall

be noncontinuous and activated by pilot command by means to be air-
frame furnished. The specific operational system requirements shall
be specified in a subsequent revision of this specification.

3.21.2 Accessory Section Connection., - A connection
on the combustor housing shall be available for airframe nacelle anti-
icing. The quantity of bleed air extracted shall not exceed 3 percent
of the total airflow from idle position to military position.

3,24.1 Exhaust Connections. - The requirements of
this paragraph are not applicable.

12
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3.24.2 Exhaust Nozzle. - The exhaust nozzle shall be
an integral part of the engine and is of the fixed area type.

3.24.3 Duct Attachment. - No exhaust connections
shall be required.

3.25 Lubricating System. - An integral oil reservoir
of 24 quarts total volume is furnished with the engine. Oil level is
determined with a sight glass oii level indicator. Filling shall be
accomplished manually and an "'O" ring seal filler cap is provided.

3.25.1 Oil Supply. - The capacity of the oil reservoir
is as follows:
Usable Oil - 1.5 gal.
Unusable Oil - 0.3 gal.
Expansion Space - 4.5 gal.
3.25.5 Oil Pressure and Temperature. - The opera-

ting oil pressure shall be 40 + 5 p. s.i. g. within the normal static
gravity fie'd and 175 + 10 p. s.i.g. when operating within the 235g
fieid. The maximum allowable engine oil inlet temperature shall be
250°F. (122°C.). The maximum allowable oil system temperature
shall be 350°F. (177°C.).

The normal oil pressure and temperature
ranges required for aircraft cockpit indicators shall be 0 to 200
p.-s.i.g. and -65°F. (-54°C.) to 300°F. (150°C.), respectively.

3.26 Fuel System. - The following requirements
sha.i be subject to revision following rotation testing.

3.26.1.1 Performance With Assistance From Aircraft
Boost Pump. - This paragraph shall apply except the fuel pressure
range of subparagraph b shall be: From .0 p.s.i. above the true
vapor pressure of the fuel to 3000 p.s.i.g.

3.26.1.2 Performance Without Assistance From Air-
craft Boost Pump. - The engine shall start and operate as specified
within this specification when supplied with fuel, at the engine inlet,
as specified in paragraph 3.26. 1. 2 of Specification MIL-E-5007B
except that the vapor/liquid ratio specified in subparagraph d shall
be revised to read: zero to 0. 3.

13
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3.26.5 Fuel Filters. - The requirements of this para-
graph shall apply except that the referenced fuel contamination shall
be as specified in paragraph 3.4.1.3 of this specification.

3.26,6 Fuel Flowmeter. - Provisions shall not be
made for flowmeter installation.

3.27 Engine Control Systemn. - The fuel control sys-
tem is basically a W§/Pcq scheduling system, established by a 3-D
cam as a function of engine speed and inlet air temperature. The
system performs the function of pumping and scheduling fuel to the
engine to properly permit starting, acceleration, speed governing,
deceleration and fuel shut off.

In the pumping and metering section of the con-
trol, the functions of boost pressure regulation, fuel pumping, igni-
tion fuel flow supply, main fuel metering, servo pressure generation,
and fuel shut off are performed.

A computer section receives the engine-sensed
input and provides intelligence for metering valve positioning which,
due to a relatively constant valve pressure drop, provides fue!l flow
<ontrol proportional to the metering valve area.

3.27.2 Starting Procedure. - The normal starting pro-
cecdure shall be as listed below:

a. Rotate engine to starting speed of 2000 r.p.m,
(air impingement, windmilling, or other).

b. Move throttle to Ignite Position.
c. Energize Ignition Switch to ON (permits fuel
flow to engine starting fuel nozzles and acti-

vates ignition exciter coil),

d. When visual evidence of ignition is received,
move throttle to Idle Positicn.

e. Turn Ignition Switch to OFF at approximately
6000 r.p. m,

14
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3.27.3 Power Lever. - The relation of the power lever
tc engine speed is as shown in Figure 22. Provision is not made for
reverse thrust operation.

3.27.4 Control System Adjustments. - Ia service con-
trol adjustments shall be limited to idle position limits, maximum po -
sition limits, and fuel density. These adjustments shall be re :dily ac-
cessible, adjustable with the engine in operation, and clearly marked.

3.28 Ignition System. - The components furnished
and their normal operation when supplied with nominal input require -
ments shall be as listed below:

No. Component Nominal Input Normal Operation
2 Igniter Plugs Igniter Coil Output A minimum 4 sparks per
and Leads second, at a 10 volt DC

input, at an electrical
stored energy level of
0.625 joules/spark, per

plug.

1 Ignition Coil 10-30 Volts DC Satisfactory operation of
igniter plugs.

3.29 Acce-sory Drives. - An engine speed output sig-
nal shall be provided integral with the fuel control. The required
sensing unit shall be of the frequency counting type. The output sig-
nal shall be as shown in Figure 23.

4. QUALITY ASSURANCE PROVISIONS

4.3 Qualification Tests. - Qualification of the engine
shall be predicated upon the satisfactory completion of qualification
tests substantially equivalent to the requirements as specified in
Specification MIL-E-5009B. Specific tests to demonstrate the capa-
bility of the engine to operate in extreme force fields shall be mutu-
ally agreed upon with the Using Service, following Whirl Rig tests.
Satisfactory completion of tests shall include Using Service approval
of the test reports. The qualification tests shall be specified in a
subsequent revision of this specification.

15
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Preliminary Flight Rating Tests. - This paragraph

not applicable to this preliminary qualification engine specification.

conducted on each production engine.

Acceptance Tests. - An acceptance test shall be

Acceptance shall be predicated

upon the satisfactory completion of engine tests substantially in accord-
ance with Specification MIL-E-5910B and modified, as mutually agreed
upon with the Us:1g Service, to deimonstrate extreme force field opera-
tion capability. The acceptance tests shall be specified in a subsequent
revision of this specification.

5.

PREPARATION FOR DELIVERY

Preparation for Storage and Shipment. - The engine,

components, and accessories shall be prepared for storage and shipment
in accordance with Specification MIL-E-5607A or with previously approved
manufacturer's procedures.

6.

Sxmbol

e I I
3

H

NOTES

Definitions and Symbols. - The symbols used in
this specifiication are defined as follows:

9_11 antity

Thrust
Gross thrust
Net jet thrust (Fn = Fg - Fy)

Ram drag of engine airflow taken on the basis

of total induction airflow
Acceleration due to gravity
Rotation about the engine axis
Rotation about the helicopter axis
Engine speed
Absolute nressure
Standard sea level pressure,absolute
Ambient static pressure, absolute
Any gas total pressure, absolute
Absolute temperature
Standard sea level temperature
Ambient static temperature
Any gas total temperature
Velocity relative to undistrubed ambient air

16

Unit

1b.
1b.
1b.

1b.

ft /sec.2
rad /sec.
rad /'sec.
r.p. m.
p. 8.1,

p. 8. 1.

p. 8. 1.

p. 8. i,
ORarnkine
ORankine
oF
ORankine
knots




Symbol

s.f.c.
Wa
Wy
HPext

HP, ef

0

C'd

Specification No. 2253-A

Quantity

Specific fuel consumption

Total engine airflow

Engine fuel flow

Horsepower extracted from the accessory
drives over and above that required for
engine components

Reference horsepower; arbitrarily taken as
10 percent of the horsepower in the jet
at static sea level conditions

Relative pressure, P/Pg, Air, (), and P
have subscripts referring to any particu-
lar station

Relative temperature, T/Tg, air, 6, and
T have subscripts referring to any par-
ticular station

Duct loss correction to thrust

Inlet duct loss
AF/Fp = APtz/Ptz (Cq - 1)
Exhaust du~t loss
AF/Fn = Cd (aPt5/Pts)
Duct loss correction to fuel flow
Inlet duct ioss
aWg/Wg = aPty/Pyp (C'g - 1)
Exhaust duct lcss
sW¢/Wg = C'q (aPy5/Pts)
Power extraction correction to thrust

AF/Fn = Cpx (Hpext/HPref)

17

Unit

1b /hr /1b. -thrust
lb /sec.
1b /hr.»

hor sepower
horsepower
nondimensional

nondimensional
nondimensional

nondimensional

nondimensional
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Sxmbol Quantitx Unit
C'px Power extraction correction to fuel flow nondimensicnal
aW¢/W¢ = C'py (HPext/HPrej)
6.2.1 Subscripts. - The subscripts employed in this

specification are in accordance with the following:

Subscript_ Meaning
a air
am ambient-static values of undistrubed air mass
f fuel
] jet
n net
s standard sea level values
t total
2, 3, station subscripts ({refer to Figure 26)

6.3

Method for Correcting Estimated Performance. -

The following sample computation relates to Inlet and Exhaust Duct
Losses, and Power Extraction:

a.

Find the net thrust and fuel flow for:
3 percent inlet duct pressure loss,
2 percent exhaust duct pressure loss,

5 horsepower power extraction.

For the following flight conditions:

N = 100 percent
h = 25,000 ft.
V = 600 knots T. A.S.

18




rniet thrust:

AF,

Fn
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The following equation shall be used in determining

APy APqs HPex:
= (Cd - 1) + Cq + Cpx |

Pt2 Pts HP,_.¢

From Figure 4 we obtain the following ideal net
thrust, 962 pounds, and the fuel flow, 1172 pounde
per hour, for the specified flight conditions,

Substitute the following values for the parameters
in the equation.

From Figure 5, C3= -.60 C'y = 0 for all flight conditions

From Figure 7, Cp, = .072 C‘px = 0 for all flight conditions

5

AF, =962 (-1.62x .03 -,60x .02 +.072 — )

300

AF, ==57.1; thus F, = 904.9

The following equation shall be used in determining
fuel flow:

AWE/We = (C'q - 1) OPy/Pt2 + C'g APy5/Pys + C'py HPoyt/HP ot

AWg

Substitute the aforementioned values of C'y,
C'px in the equation:

-35.6; thus Wy = 1136.4 1b/hr.

The following sample computation illustrates the
effect of Ambient Temperature.

Find the Net Thrust, Fuel Flow, and Airflow

for the following flight conditions at Military
Power Rating:

19
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Tam =
vV =

From Figure 3, at standard altitude conditions:

100 percent

15, 000 ft.

60°F

400 knots T. A.S.

Fn = 1081
s.f.c.= 1.19 Ib/hr/1b. - thrust
We = 1.19 x 1081 = 1287 Ib/hr.
Wa = 21.5 1b/sec.
AF,
From Figure 12, = -.185
Fn
AWf
From Figure 14, = -.12
W¢
AW,
From Figure 16, = -.13
Wa
Therefore,
-.185x 1081 = -2001!b., and F, = 1081 - 200 = 881 Ib.
-.12 x 1287 = -1541b/hr., and Wy = 1287 - 154 = 1133 Ib/hr.
-.13 x21.5 = -2.81b/sec., andW,= 21.5 - 2.8 =18.7 Ib/sec.

20
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FIGURE 1
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FIGURE 2

CAE MODEL 357-1 TIP TURBOJET ENGINE
ESTIMATED PERFORMANCE CHARACTERISTICS
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FIGURE 3

CAE MODEL 357-1 TIP TURBOJET ENGINE
ESTIMATED PERFORMANCE CHARACTERISTICS
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FIGURE 4

CAE MODEL 357-1 TIP TURBOJET ENGINE
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FIGURE 5

CAE MODEL 357-1 TIP TURBOJET ENGINE
ESTIMATED THRUST LOSS CORRECTION DUE TO DUCT LOSS
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FIGURE 6

CAE MODEL 357-1 TIP TURBOJET ENGINE

ESTIMATED POWER EXTRACTION CORRECTION
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ALTITUDES - SEA LEVEL AND 15,000 FEET

800 1200 1600 2000

400

M&o - 3SNIY] 0} UOT}I9IJ0) UOFIORVIIXY JOAOJ

4\
44 4 JwVL + 4 *H y ! 4+ 4444 -+ 44 * 4 — h 4 t+ -
| L 1.|.?4 —44 4+-+ 4+ # < - 4+t 444 44 4 + 4-4 L.4-4 & 4
+4++-+-+4++ lvlTAﬁr = vH v.j‘v kS > 4 W‘. +-+-¢ + + 1 -« 11
4 4] Bl . * EEE el 4} 1441 ..‘ﬁ 1]
- :
T HE N TTTH TR
T T TS AT AT
; 41+ = +- - 4 4 4 8 B i o o o o 4+ -
i+ 44 -4 4 4 44 4 +— + v#Ll.LllI.hv : +-4€3% +
—
-4+ ++ 4+ -+ - 4 - — 44 4
- 44+ = #.AIAI —+ —+- ~ = T
= 1 ]
4 44 -+ +4 ﬁr« = AT + ++ b1
W B &5 S . w } » —_ 3
44+ 4-4-1- <+ + 4 -4 -4 Y —+4+ 4+ 44 —
IAT\T.IY = = 4 - - vtﬁ . - 4
4+ ++ + . 1 +41+11 #1 1+1 :
4 - L t =L - Y 44444 4 w
t
L T—W. 4 v 4 = - - -
f LT | t %, H it 91t ]
4 - AL s ‘ﬁ = . AT.. o G 4 .4 ..T.u .
<
4 r .A i 1 - +4- - b+ 1 —
I + —
-+ +-1 1 - + k t 4+ + 4 f + ++1++1++1 #l.l -4 vu
T 4 0 o 4 y = + - AT H + 4+ 4+ 4 4+ 4
IRSENNNERS S -28885 BERE ' !
H + —+ 4+ -+1+ =9 +1 - + —4 1 + = Tt ﬁ +1 <+
T TS T
44 - 44414 —+—4
—+4 4 4 - +-4 -
+4- » & -1
lL -+ -4 - JY -4 - —+ 4
—~ 4+ -
] 111177 1 121 0 &
-4 -+t 4+ - -+
+ 4 <4+
444+ 4 +4-4 -4 44 +4 -+ 4 } —+—
l. <+t <1+t 1+t 44 + 4+ H
- - + + - .
+-+4 41 41444444444 g ++ 14 -+ -
+4 -4 4+ 41 44+ + - 4+t 1+ R
-4 -4—4 AIV E - — - -+ 1 - 4 - 4. s 4+ +
4 $+-4 4444 4+ +1 11+ 4 4+ 4 4 X 1 T,Y%L = —+ * 4 8l
N ) -
L] i ° L] (4 Ld
N ] 0 + ' '

Pounds

F
n

Net Thrust -

26
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FIGURE 7

CAE MODEL 357-1 TIP TURBOJET ENGINE

A
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FIGURE 9

CAE MODEL 357-1 TIP TURBOJET ENGINE

ESTIMATED TURBINE OUTLET PRESSURE
AND TEMPERATURE RATIOS
ALTITUDE - 15,000 FEET
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FIGURE "0

CAE MODEL 357-1 TIP TURBOJET ENGINE
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ALTITUDE - 25,000 FEET
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FIGURE 12

CAE MODEL 357-1 TIP TURBOJET ENGINE

ESTIMATED EFFECT OF AMBIENT TEMPERATURE

ON THRUST
ALTITUDE - 15,000 FEET
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FIGURE 13
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FIGURE 14

CAE MODEL 357-1 TIP TURBOJET ENGINE

ESTIMATED EFFECT OF AMBIENT TEMPERATURE
ON FUEL FLOW
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FIGURE 15

CAE MCDEL 357-1 TIP TURBOJET ENGINE

ESTIMATED EFFECT OF AMBIENT TEMPERATURE

ON AIRFLOW
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FIGURE 16

CAE MODEL 357-1 TIP TURBOJET ENGINE

ESTIMATED EFFECT OF AMBIENT TEMPERATURE
ON AIRFLOW
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ESTIMATED ENGINE OPERATING LIMITS

CAE MODEL 357-1 TIP TURBOJET ENGINE

COMPRESSOR INLET TEMPERATURE - T3 - oR
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FIGURE 18

CAE MODEL 357-1 TIP TURBOJET ENGINE

ESTIMATED ENGINE STARTING AND OPERATION LIMITS
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FIGURE 19

CAE MODEL 357-1 TIP TURBOJET ENGINE
ESTIMATED ENGINE STARTING REQUIREMENTS
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FIGURE 20

CAE MODEL 357-1 TIP TURBOJET ENGINE

ESTIMATED
ENGINE WINDMILLING CHARACTERISTICS
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ESTIMATED HEAT REJECTION AND OIL FLOW

CAE MODEL 357-1 TIP TURBOJET ENGINE
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FIGURE 21

VERSUS ENGINE SPEED
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FIGURE 22

CAE MODEL 357-1 TIP TURBOJET ENGINE

POWER LEVEK POSITION
VERSUS ENGINE SPEED
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FIGURE 23

CAE MODEL 357-1 TIP TURBOJET ENGINE

ENGINE SPEED SENSING OUTPUT SIGNAL
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ENGINE LOAD DIRECTIONS
(As Listed in Table 3)

47



Lo

oa bt s

sl

Unclassified
Security Classification

DOCUMENT CONTROL DATA - R&D

(Secunty clessification of titla, body of abetract and indexing annotation must Se entered when the oversl! report 1e clasetlied)

t ORIGINATING ACTIVITY (Corporste suthor) 2a SNEPORY SEC :RITY € LASSIFICATION

Hiller Aircraft Company, Inc. Unciassified

25 Gmroue

Continental Aviation & Engineering Corporation

2. REPORT TITLE

Heavy-Lift Tip Turbojet Rotor System, '"Preliminary Model Specification for
Coutinental Model 357-1 Engine', Volume XIII

4 DESCR!PYIVE NOTES /Type of report end Inclueive dates)

S. AUTHOR(S) (Laet nama. firet name, Initlaf)

6. REPORT CATE 78. TOTAL NO OF PAGES Th NO OF REFS
October 1965 48
0. CONTHACT OR GRANT NO. $8. ORIGINATOR'S REPORT NUMBE ¥S)
DA 44-177-AMC-25(T)
b »roJECT NO. USAAVLABS Technical Report 64-68M
c. Task 1M121401Dl4412 b g;r:q:;ozfpolv NO(S) (Any other numbers that mey be aveigned
d.

10. AVAIL ABILITY/LIMITATION NOTICES . . .
Qualified requesters may obtain copies of this report from DDC.

This report has been furnished to the Department of Commerce for sale to tke
public.

11. SUPPLEMEK TARY NOTES 1 12. SPCNSORING MILITARY ACTIVITY

US Army Aviation Materiel Laboratories
iFort Eustis, Virginia

13. ABSTRACT

Volume XIII of a report entitled '"Heavy-Lift Tip Turbojet Rotor System'' contains
Continental Preliminary Model Specification No. 2253-A, which contains re-
quirement, capability, and engine performance data on the Continental Model
357-1 (1700-pound thrust) turbojet engine for helicopter rotor-tip mounting.

DD 5o, 1473 s ellomsidied

Security Classification




Unclassified

Secunty “isssifs ation

¥EY WORDS

LINK A LiNK B LiNx C

ROLE wY aoLE wY ROLEK wY

Specification

Hclicopter Rotor Tip~-Mounted
Turbojet Engine

1. ORIGINATING ACTIVITY: Enter the name sad addreas
of the contractor, subcontractor, grsniee, Depariment of De-
fense sctivity or other orgsnization fcorporate author) issuing
the report,

2a. REPORT SECUNITY CLASSIFICATION: Entsr the over
all security clsssificstion of the report. Indicste whether
‘‘Restricted Dats’’ is Included Marking is to be in accord
ance with sppropriste sacurity regulations.

2b. GROUP: Automastic downgrsding is specified in DoD Di-
rective 5200, 10 and Armed Forcos Industriai Msnusl. Enter
the group number. Also, when spplicable, show thst optional
gnu:ings have been used for Group 3 snd Group 4 ss suthor-
ized.

3. REPORT TITLE: Enter the complete repost title in all
capital letters. Titles in s!! cseea should be unclessified.
If a meaningful title cannot be selected without clasaifice-
tion, ahow title claaeificstion in all capitals in parentheais
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriste, enter the type of
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