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INTRODUCTION AND SUMMARY

The Prop-Fan propulsion concept offers the potential for a significant in-
crease in fuel efficiency for future transport aircraft. This report was
prepared to ensure that the technical information generated from recent
wind tunnel and anechoic chamber tests conducted by Hamilton Standard, and
the latest Prop-Fan designs performed by HMamilton Standard, will provide
the data required to support NASA's on-going contracted studies.

The report provides updated parameteric Prop-Fan data packages and the
rationale used in developing the new Prop-Fan data. The data respresents
Hamiiton Standard's projection of Prop-Fan characteristics for aircraft
that are expected to be in-service in the 1985 to 1990 time frame.

The basic Prop-Fan configuration is designed for efficient operation at
0.8 Mach number and 35,000 feet (10,668 M) altitude. The design blade tip
speed 1s 800 feet per second (244 mps) and the design power loading is
37.5 shp/p2 (301 KW/p2) for maximum climb power at 0.8 Mach and 35,000
feet (10,268M).

A1l of the new data are founded on this basic design configuration. Recent
studies on advanced transport Prop-Fan configurations designed for cruise
operation at other than 0.8 Mach number but between 0.7 to 0.85 Mach number
indicate that the 0.8 Mach baseline provides near optimum level of aero-
dynamic and acoustic performance. Hence the data presented here are
optimized for an 0.8 Mach configuration and are also representative of
Prop-Fan performance characteristics for advanced transports at design
points both below and above 0.8 Mach number.

The new data packages are enclosed as Attachments SP 13A77 through SP16A77,
SP18A77 through SP20A77 and SP03A78. The discussions that follow fnclude
a description of the new data and the manner in which they were generated.
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AERODYNAMIC PERFORMANCE

Recent design trends in near-field source noise reduction and increased
efficiency have resulted in an eight blade Prop-Fan configuration that has
more sweep and activity factor per blade than its predecessor (Model SR-1).
The ten blade Prop-fFan configuration was developed because of its improved
noise, efficiency, and weight characteristics, but it retains the same total
rotor activity factor as the eight blade Prop-Fan.

The performance data shown in Attachments SP13A77 and SP14A77 have been up-
dated to reflect 1) the latest performance level estimates for eight and ten
blade Prop-Fans, 2) data at additional Mach numbers, and 3) Prop-Fan slipstream
characteristics. This information provides a means to establish the aero-
dynamic efficiencies and slipstream characteristics for eight and ten blade
Prop-Fans from static operation through operation at 0.80 Mach number. The
data are shown in the traditional nondimensional coefficient format, i.e.,

net thrust coefficient (CTNet) as a function of power coefficient (Cp) for
constant values of advance ratio (J). The tabular form is provided to

ease computer application.

Performance tables are provided for Mach numbers ranging from 0.55 through 0.80
in increments of 0.05 Mach number plus an additional table for operation below
0.55 and static performance. Although the 0.55 to 0.80 Mach number tables
include a tabulation of net efficiency (7Net), the user is urged to employ

the net thrust coefficient (CTNet) for computer inputs to simplify the inter-
polation processes.

The performance data contained in the packages were generated through

Hamilton Standard's performance program H444. The projected efficiency

levels that form the basis of the data packages were developed from the wind

tunnel test results on the SR-1 and SR-2 Prop-Fan models, from the predicted
performance of recently designed Prop-Fan models incorporatinag an advanced

2lan form shape and from the projected benefits of using advanced airfoil sections.

A simplified method developed by the Boeing Company for calculating slipstream
characteristics revealed good correlation with a more sophisticated Hamilton
Standard method and with the swir! data developed cduring Prop-Fan model wind
tunnel testing. The simplified method (based on the ideal propeller
characceristics method presented in Volume 4, Division L of "Airplane
Propellers" by H. Glavert in the Durand "Aerodynamic Theory" series) estimates
swirl angle and axial slipstream velocity distribution as a function of blade
nondimensional radius. From this information and the predictad performance
shown in the tables, the average swirl angle (@) and the average axial induced
velocity immediately behind the Prop-Fan rotor, in terms of AV/V, have been
derived. The results suggest that the number of blades and Mach number

are second order effects. Accordingly, the slipstream characteristics are
tabulated only as a function of power coefficient (Cp) for specific values of
advance ratio (J).
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AERODYNAMIC PERFORMANCE (Continued)

Sample problems in both English and SI units are provided with both per-
formance data packages.

£ AV Pwveevrac

Slipstream Characteristics
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FAR-_AND NEAR-FIELD NOISE

Far-field noise generalizations are presented for six, eight, and ten bladed
Prop-Fans. The data allows the user te predict perceived noise levels and
effective perceived noise levels during take-off and landing. The effective
perceived noise level is a particularly valuable parameter since this is the
measure used to establish Noise Certification Limits and to assess potential
aircraft annoyance factors in areas adjaceat to airports.

The far-field noise prediction procedure employed herein has been developed

by Hamilton Standard for propeller noise predictions during the past ten

years. [t has been adopted by the Society of Automotive Engineers as an
Aerospace Information Report (AIR 1407) and found to yield predictions generally
within 3 PNdb of measured propeller noise levels. The reliability of the far-
field method is enhanced by the good correlation obtained between actual Prop-
Fan model test data and predictions derived using the Prop-Fan far-field

method.

The near-field noise generalization provides fairly extensive detail for six,
eight, and ten bladed Prop-Fan configurations. The procedure includes the
influences of altitude, fan tip to fuselage spacing, and directivity. The
directivity information {s usefi'l in establishing the amount of fuselage
treatment needed to provide uniform interior cabin noise levels near the plane
of rotation where the directivity is seen to peak.

The influence of spacing between the Prop-Fam tip and the fuselage on noise
levels is helpful in assessing the trade-off between fuselage acoustic treat-
ment weight and aircraft structure and control surface weights (i.e., moving the
nacelle out on the wing reduces noise and treatment weight but may require an
increase in tail size to meet aircraft control requirements or & wing weight
change for structural reasons).

The near-field neise prediction method is based on the theoretical Prop-Fan
pradiction procedure developed by HWamilton Standard. Computer results have
been generalized to indicate the level of noise expected for a fully developed
Prop-Fan. Tests are currently under way to confirm the accuracy of the
theoretical prediction procedure.

The Prop-Fan gearbox noise generalization provides estimates of the uninstalled
(i.e., without additional attenuation from enclosing nacelles) gearbox noise
associated with a Prop-Fan propulsion system. The predicticn method is derived
from a procedure developed by Hamilton Standard and published in FAA report
FAA-RD-76-49, II, entitled V/STOL Rotary Propulsion Systems Noise Prediction
and Reduction. The absolute accuracy of the method has not been estabifshed
by correlation studies with test data since there is little test data avail-
able on installed gearboxes. Fowever, the method should be adequate for pre-
liminary design studies of Prop-Fan systems.

4
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FAR- AND NEAR-FIELD NOISE (Continued)

It should be noted that the near-field gearbox noise in cruise is not expected
to be significant since fuselage sidewall attentuation is large at frequencies
where gearbox noise predominates. Moreover, during takeoff - and landing, gear-
box noise is generally well below that of the engine and Prop-Fan and should
not significantly contribute to perceived moise. Accordingly, the gearbox
noise prediction method is presented here to help complete the noise estimates
for a Prop-Fan propulsion system.
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WEIGHTS

The weight information contained in the SP18A77 and SP19A77 packages is pro-
vided to help the airframe designer in formulating aircraft weights for pre-
liminary design studies. The curves show weight estimates for eight and ten
blade Prop-Fan installations (i.e., high-speed rotor and gearbox systems)
designed for 0.80 Mach number cruise aircraft. The technology level employed
is 2ppropriate for a Prop-Fan system expected to be in-service in the 1985 to
1990 time period.

The power loading (SHP/DZ) term used on the rotor weight curve in Figure 1 of
the packages, is based on the maximum power delivered to the rotor. This
usually occurs during the takeoff roll. The tip speed (TS) that should be

used for rotor weights is that at which the maximum power occurs. The weight
curve in Figure 1 is plotted for a tip speed of 800 ft/sec (244 m/sec). Rotor
weights for other tip speeds can be obtained by utilizing the conversion
formula provided in the curve notes. Figure 2 shows a curve of gearbox weight
as a function of the maximum delivered output torque. The curve is based on a
total gear ratio of 8:1. Gearbox weights for other gear ratios can be obtained
from the conversion formula provided on the curve.

The data provides uninstalled rotor and gearbox weight estimates, including
the major components defined on the curves. The weight of a fully installed
Prop-Fan propulsion system 1s estimated to be 1.2 times the sum of the

rotor, gearbox and engine weight. This factor is based on a turboshaf* engine
weight of 0.167 pounds per SHP (0.101 kg per KW) and the additional weight
contributed by the following components:

. Nacelle cowling and fairings

. Nace,le structure for attachment to wing

. Engine-to-gearbox coupling structure and shaft
. Engine/gearbox mounting to nacelle structure
. Engine air inlet ducting

. Ergine exhaust system

. Fire control system

. Gearbox cooling and oil tankage system

. Engine starting sy<tem

. Hydraulic system «nd hydraulic fluid

. Electrical system

. Fuel system

. Pneumatic system

. Engine and Prop-Fan control linkage.
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WEIGHTS (Continued)

The weight projection in the two data packages presented here are a result

of the latest Prop-Fan technology development work. Two specific technology
areas have contributed significantly to this work. First, the rotor weights
take into account the projected blade planform shapes from recent aerodynamic
and acoustic design work; second, the rotor weights reflect the results of a
recently completed reliability and maintenance study. The reliability and
maintenance cost efforts were completed under NASA contract NAS3-20057 and
will be published as NASA CR135192. The study report is entitled "Study

of Turboprop Systems Reliability and Maintenance Costs.

During the R&MC study, a 12.8 foot (3.9m) diameter point design Prop-Fan

with eight blades was concepted. The weights of all parts were estimated and
it is these weights which form the basis for the parametric data being dis-
cussed here. These estimated weights were ratioed using mathematical relation-
ships proven by past propeller experience to provide rotor weights for the
diameter range of 10 to 20 feet (3.05 to 6.1m) and power loading range of 15

to 80 SHP/DZ shown in the parametric data. The rotor concept includes several
features which were designed to improve reliability and ease maintenance but
which increased the rotor weight. Among these are separate blade retention
bearing races and a bolted rotor mounting flange. A rotor weight increase was
also incurred due to the increased blade chord width associated with improved
performance in the eight blade rotors. This weight increase is also reflected
in the ten blade rotor which has the same total rotor solidity as the eight
blade rotor. The ten blade rotor is significantly lighter than the eight
blade rotor for the same diameter and power loading. This is because the total
blade solidity is comprised of more but narrower airfoils in the ten blade
rotor resulting in lower total blade weight, loads and twisting moments.

The gearbox weight curve in Figure 2 shows a linear relationship of weight
with output torque. This is based on past parametric studies in addition

to the preliminary design work accomplished during the turboprop reliability
and maintainability study. The weights are based on a dual compound idler
gearbox concept with a high bearing set B10 life. Both of these gearbox
design features were incorporated to improve reliability and reduce main-
tenance costs.
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INSTALLATION GUIDELINES

Previous studies have shown that the selection of the optimum Prop-Fan con-
figuration and power loading must include an assessment of Prop-Fan diameter
and its impact on the aircraft design. It is recommended, therefore, that
these guidelines be used in the general parametric and preliminary design
studies for Prop-Fan propulsion systems.

A typical Prop-Fan nacelle arrangement is shown in Hamilton Standard drawing
SK 93074. This drawing reflects an updated version of the 12.8 foot (3.9m)
diameter, eight blaae point design Prop-Fan studied under NASA contract

NAS 3-20057. An Allison PD 370-22 engine is shown driving the Prop-Fan with
blades of advanced design through a dual compound idler gearbox. Aircraft
accessories are driven from a pad on the upper rear of the gearbox. The
Prop-Fan pitch change regulator and slip ring assembly are both mounted at
the center rear of the gearbox with quick disconnects to ease maintenance.
Based on discussions with engine and airframe manufacturers, an engine

inlet duct with a 10% area reduction from iniet to engine compraessor face

is shown. Nacelle axisymmetric radius and length were obtained from
attachment SP20A77.

Formulas for Nacelle Placement

The Prop-Fan spacing requirements on the wing for a four engine aircraft,
shown in Figure 1 of attachment SP20A77, are governed by three factors:

1) erosion and impact effects on the blades, 2) excitation of blades during
ground operation, and 3) cabin noise. The first factor defines the recommended
blade-to-ground clearance, H; the second defines the separation of adjacent
Prop-Fans, T; and the third defines the separation of the inboard Prop-Fan
from the fuselage, F. Excitation of the blades is also influenced by "F" but
at the recommended separation the noise requirement is the controlling factor.

The recommended ground clearance to assure low blade impact and erosion rates
from foreign objects is proportional to the aircraft size, takeoff and landing
distance, the suction action of the Prop-Fan, and the flight frequency. The
takeoff and landing distances are directly proportional to wing loading or
cruise Mach number and inversely proportional to the thrust. The suction
factor is proportional to the disc loading, or thrust divided by the square

of the Prop-Fan diameter. Thus, the required ground clearance is proportional
to the aircraft gross weight and cruise Mach number divided by the square of
the Prop-Fan diameter assuming a given takeoff and landing distance and flight
frequency.
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INSTALLATION GUIDELINES (Continued)

The recommended separation of adjacent Prop-Fans, T, is defined so that the
slipstream of the outboard Prop-Fan does not interfere with the inboard Prop-
Fan or vice versa. This is a geometric problem involving the wing sweap, which
increases the required separation. The formyla is based on a minimum clearance
of flow fields of 52 of the Prop-Fan diameter in order to assure low excita-
tions during ground running operations.

It is desirable to locate the Prop-Fan a large distance, F, from the fuselage

to minimize cabin noise. However, trade-off studies of wing structural weight

and tail surface area versus cabin acoustic treatment weight, must be conducted
for individual aircraft design to determine the optimum Prcp-Fan placement. A
recommended value of F equal to (0.8) D is based on several studies of this
nature. A minimum value of F equal to {0.2) D is required to maintain blade
excitation loads within acceptable limits. The noise levels at the fuselage

for values of F between (0.2) D and (1.6) D are presented in the near-field noise
data package in attachment SP15A77.

Definition of Nacelle Configuration

The Prop-Fan nacelle configuration in Figure 2 is determined primarily by two
factors: performance and aerodynamic blade excitations. The former dictates
the required axisymmetric diameter, d, of the nacelle as a function of power
loading SHP/DZ2. The dashed line represents the more realistic configuration
needed for handling the engine inlet. Figure 3 shows the required ratio of
nacelle diameter to Prop-Fan diameter for the 8 and 10 blade Prop-Fans of

equal total activity factor based on reducing the velocity at the plane of the
blades to alleviate compressibility losses and blade root choking. The six
blade configuration with the same activity factor per blade as the eight blade,
has less root choking and, therefore, permits a smaller nacelle diameter.
Since the effects of nacelle diameter on performance have not been sufficiently
analyzed at the higher power loadings, the diameter ratios in Figure 3 were
cut off at a reasonable level.

The basic structural capacity requirements of the blades and hub are dictated
primarily by the aerodynamic excitation loads and blade response of the Prop-
Fan. The blade excitations are functions of the angularity and velocity varia-
tion in the flow field at the plane of the Prop-Fan. These are usually expressed
in terms of Excitation Factor, £F = Ye (V/348)2, where ye is the equivalent
angular inflow at the plane of the Prop-Fan and V2 is proportional to tne
dynamic pressure. The equivalent angular inflow, ¥we, is dependent on several
factors: the distance, L, the plane of the Prop-Fan is from the quarter chord
of the wing; the tilt angle, ¥ t, of the Prop-Fan thrust axis, or nacelle, with
respect to the zero 1ift line of the wing; the strength of the wing circulation
or wing joading; the attitude of the aircraft and the variation in the flow
field due to the sweep of the wing. By optimizing the nacelle tilt, ¥t, the
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INSTALLATION GUIDELINES (Continued)

excitations during cruise are usually minimized and the excitations during climb
are significantly decreased. Usually, the maximum climb condition determines
the design excitations and loads on the blades. Parametric analysis shows that
the blade moment and shear loads are proportional tec D3 and Dg, respectively,
so that the respective steady-shaft loads, M and V, are proportional to p3

and 92 times the number of blades. For convenience, the equations for M and

V in Figure 4 have the number of blades and the effect of blade activity factor
included in the cunstants. The curve of nacelle iengtn versus Prop-Fan diameter
in Figure 4 {is basad on an equivalent excitation factor of 5 which includes

both first order and higher order excitations. The greater nacelle lengths

are necessary for higher Mach number operation because the increasing wing sweep
with Mach number increases significantly the higher order blade aerodynamic
excitations. The steady-shaft load, M and V, are functions only of the first
erder (ocnce-per-revolution) aerodynamic loads. Therefore, these loads decrease
with Mach number because of the greater percentage of higher order excitation

in the equivalent excitation factor of 5.

Wing/Nacelle Stiffness Required to Prevent Whirl Flutter

ﬁj?ure 5 is a schematic diagram of a Prop-Fan with diameter, D, mounted distance,
, from the effective torsfonal center of the wing/nacelle mounting system
with a torsional stiffnes, Ky.

Fioure 6 shows how the minimum required KT to prevent whirl flutter varies with
the ratio D/ at several Prop-Fan diameters.

The minimum effective torsional stiffness requirements are based on a simple
Houbclt whirl flutter analysis using propeller derivatives based on our aero-
dynamic performance results. The trends follow those in Houbolt's & Reed's

IAS paper 61-34, "Propeller-Nacelle Whirl Flutter." As diameter increases,

the Prop-Fan mass and moment of inertia increase, thereby requiring greater
effective torsional stiffness to assure stability from whirl flutter. The
aerodynamic derivatives increase with flignt speed, so that more stiffness is
required at higher Mach numbers. As the ratio D/ increases, the required
stiffness increases because aerodynamic damping, (i.e., stabilizing forces times
pivot length) decreases.

10
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INSTALLATION GUIDELINES (Continued)

Sensitivity Requirements for Passenger Comfort

The aircraft sensitivity requirements for passenger comfort are a function

of two factors: the vibration level requirements for passenger comfort and

the once-per-revolution excitation due tc Prop-Fan unbalance. An acceptable
overall cabin vibration level is dependent on the statistical sum of the excita-
tions transmitted from th- inboard and outboard Prop-Fans. This relationship
is shown in attachment SP20A77. The cabin comfort vibration limit is based on
the information given in the March, 1965 issue of "Mechanical Engineering"
which shows that the imperceptible level is inversely proportional to the 1.15
power of the frequency and, therefore, directly proportional to the 1.15 power
of the Prop-Fan diameter for a constant tip speed. A parametric statistical
unbalance analysis conducted by Hamilton Standard shows that Prop-Fan unbalance
is caused by both aerodynamic and mass unbalance effects which are proportional
to the square of the Prop-Fan diameter for a given tip speed and to the square
root of the number of blades. The allowable unbalance then is inversley pro-
portional to the diameter squared and the square root of the number of blades.
Combining the above two factors of permissible unbalance and vibracion levels,
leads to the relationship on the last page in attachment SP20A77. The absolute
value of Prop-Fan unbalance was scaled based on the DHC-7 propeller unbalance,
which has resuited in imperceptible cabin vibration.

11
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RELIABILITY AND MAINTENANCE

A data package has been prepared that contains the following reliability and
maintainability information for a range of sizes of Prop-Fan and reduction
gearboxes:

. Removal rates
. Direct maintenance man hours per flight hour and parts cost per
flight hour. ~
Several assumptions and conditions were made in estimating the reliability
and maintainability values presented in the data packages:
Blade tip-to-ground clearance is per H of Figure 1, SP20A77.
. A duty cycle of 1.25 hours per flight was assumed.

. A commercial operating environment with average monthly aircraft
utilization of 250 hours was assumed.

. A commercial on-condition maintenance philosophy was assumed.

The R&M data was aenerated based on NASA-funded work performed by Hamilton
Standard and to be reported in NASA CR-135192. In that program, a detailed
reliability and maintenance cost study was performed of the Prop-Fan config-
uration as proposed for use in a commercial environment. The study focused
on the following Prop Fan and gearbox items:

Prop Fan Gearbox
o Spinner o Gearbox Housing
o Disc & Aft Fairing o Main Reduction Gear Train
o Forward Cover & Fairing 0 Accessory Drive Gear
o Blades o Power-take-off Drive Gear
o Pitch Change Actuator o Prop Brake & Hydraulic Pump
Drive Gear

o Pitch Change Regulator
o Lube 0i1 Pump Drive Gear
o Slip Ring Assembly
0 De-icing Conduit Assembly
o Transfer Tube Assembly

o Variable Delivery Pump
Mounted on gearbox at
o Auxiliary Pump & Filter Hydraulic pump drive.

12
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The basic data contained in the referenced report was generated based on
analysis of the Prop-Fan configuration design and preliminary parts list,
Specific techniques utilized can be summarized as follows:

« A piece-part reliability prediction was performed. The
primary data source was Hamilton Standard's experience with
the 54460-77 propeller used on the P-3 aircraft. Other data
sources included vendor data and Government Industry Data
Exchanger Program (GIDEP).

» Average repair times, which are needed to develop maintenance
man-hour per flight-hour estimates, were developed by Hamilton
Standard personnel from the Overhaul and Repair Department who
are skilled in estimating repair times under competitive
conditions. Results were compared with, and validated against,
records of actual repair times for similar equipment.

- Parts cost per repair were developed based on historical records
for similar hardware from which rapair costs as a percentage
of acquisition cost were establigshed. These percentages, adjusted
to reflect the on-condition maintenance phiiosophy, were applied
to the Prop-Fan acquisition costs and, in turn, the parts cost
per flight hour estimates were determined based on removal/
repair rates.

13
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€OSTS

In this section cost estimates for a Prop-Fan propulsion system are provided.
The cost estimates contained herein are budgetary, 1977 economy, and intended
for study purposes only.

The Prop-Fan system is envisioned to include the rotor assembly (blades, disc,
pitch-change actuator, and spinner), a pitch change regulator, a slip ring,

and an integrated gearbox unit (gearing, housings,lube system). The costs for
this program were estimated on the basis of similar programs conducted recently.
The hardware costs were estimated by breaking the system into major components
and comparing these components to similar propeller components currently in
production for aircraft such as the Navy E2, €2 and P-3. Factors were then
applied to account for differences in size, simplicity, materials, etc.

Cost information for two configurations (efight and ten bladed Prop-Fans) and

two different diameters, are provided in the summary below. For study purposes,
it is recommended that a linear relationship between cost and diameter be main-
tained for the range under consideration. The factors used to develop the cost
relationships include Prop-Fan diameter, activity factor, weight, and power
loading. As previously described in the technical summary, the ten-way Prop-fan
has the same total rotor activity factor as the eight-way configuration. This
approach results in a blade that is approximately 20% narrower and, in spite of
the addition of two blades, yields a slightly lighter rotor in the ten-way
configuration than in the eight-way.

COST SUMMARY

(1377 ECONOMY)
Prop-Fan Diameter 13 Feet (3.96M) 16 Feet (4.88M)
fiumber of blades 8 10 8 10
Delivery Production Units $227K $227K $284K $284K

(Price per each Prop-Fan)

The prices for production units are based on deli&ery rates of 300 units per
year. For other production rates, the price-quantity scale factor should be
applied to adjust the unit sell price.

14
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PRICE VERSUS QUANTITY SCALE FACTOR
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PROP-FAN PERFORMANCE ESTIMATION

This data package provides Prop-Fan Performance in & non-dimen-
siomal coefficient format vhich permits the user to estimate
performance over a broad range of operating conditions. The

data is presemted in tabular form for ease of computer applicatioa.

The performance is preseated in terms of met thrust coefficient
(CTNet) as a function of power coefficient (Cy) for constant values
of advance ratio (J). The following tables are included:

1 Mach Number <,55

II Mach Number =0.55

II1 Mach Numbey =0.60

IV  Mach Number =0.65

v Mach Number =0.70

VIl Mach Number =0.75

VII Mach Number =0.80

VIII Slipstream Characterigtics

The 0.55 to 0.80 Mach number tables alsu include a tabulatioa of
net efficiency (MNet) to allow for a visual estimation of
performance level,

The mom~dimensienal coefficients are defined in eagineering terms
a® English Units:

;o 1014 Mg Cg o 1014 ¥
ND ND
C = SHP (po/p) SHP (pe/p)

P 20 (¥p/10,000)3 p2  ~2000 (N/1000)3 (D/10)5

Tygp~66-1 (ND/10,000)2 D2 / (p0/p)

CTNET

Typr=6610 (8/1000)2 (p/10)* / (00/0)

C
TNET

where: Typs = Uninstalled Prop-Fan net thrust, pounds
N = Prop-Fan rotational epeed, rpm
D = Prop-Fan tip diameter, feet

po/o = Density ratio, eea level ISA to ambient conditions
(po=0.002378 1b-sec?/feh)
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M ® Free stream Mach number
Ty * Spead of sound, knots
\Y = Free stream velocity, true airspeed, kmots
where: ND = (TS) (60)/w=

TS o Tip speed £t per second

v

= Average swirl angle, degrees

SP13AT?

AV = Iacremental induced axial welocity immediately behind disk, knots

In SI Units:

e 60 My Cu/s _ 60V

¥D ND

P os.erafap_ )3 ol

1000

Y

L
Tyer™ 3409.2(m) D Crgpy/ 9o/

where Ky ® power, kilowatts

TNET = Uninstalled Prop~Fan net thrust, mewtons

Prop-Fan Rotativnal Speed, RPM

Prop~Fan Diameter, Meters

Density ratio, sea level ISA to ambient conditions
Free stream Mach number

Speed ot sound, meters per second

Free stream velocity, meters per sacond

Average swirl amgle degrees

ta
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AV e Incremental axial induced velocity immediatelv bSehind disk,
meters pet second

whete XD = (TS) (60) / =
TS o ti{p speed, meters per seccnd

The "Net Thrust (Tygy)™ is the uninstalled thrust of the Prop-Fan rotor
operating in the presence of a nacelle. The bduovancy force between the
totor and nacelle face has been removed from the rotor thrust, and there-
fore it should not be included in the nacelle drag. Installed propulsive
thrust is obtained by adding the uninstailed ne: thrust (Tygy) to the
cote engine let thrust and then subtracting the drag of the nacelle and
the losses due to nacelle/wing interference.

The slipstream characteristics are also presented {n tabular form.

Average swirl angle ($) and incremental axial induced velocity immedistely
behind the disk over ‘reestream velocity (JV/V) are presented as 4 function
of pover coefficient (C,) for given values of advance ratio (J). Theoreti-
caliv the induced axial velocity doubles in the ultimate wake which is
approzimately two diameters dovastreax,
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TECHNOOQIES

SAMPLE PROBLEMS

English Units

Given: 5322 1b installed thrust required at (.80 Mach number at 35,000 ftr., ISA
Select the diameter required for an:

SHP/DZ of 37.5 for an 8 bladed Prop-Fan operating at 800 feet per
second tip speed

Calculate: ND = (800) (60) / = = 15,279
(SHP/D2) (po/o)

R 20 (ND/10,000)3
(37.5) (3.2196)
(20) (1.5279)3

- 1.692

J = (101.4) (Mo)(Cg)/¥D

= (101.4) (0.80)(576.3)/1527

- 3.060
CTNET = (.4505 (Table VII)
CTyET (0.4505 (3.060)
nNET = J - = (1,815
o}
C 1.692
b 2 .
and Tygp = 66.1 (D)2 (ND/10,000)% Cry 1/ (z0/2)

= 66.1 (D)% (1.5279)2 (0.4505)/ (3.2196)
= 21,592 D-
For the engine selected, calculate a diameter such that:
Net Thrust + Jet Thrust - Nacelle Drag - Wing Int. Drag = 5322 lbs

This is a1 iterative process.
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Veiwooam -
For exampie:
Diameter = 15.50 tfeet
Tvee = 5238 pounds
Tjec = +408 pounds
Dyacelle = =209 pounds
Dinterf = 2105 pounds

Tinstalled ™ 3322 pounds
SHP = (SHP/D-)(D%) = (37.5) (15.58)° = 9079

For take-off, climb loiter and other performance points for Mach numbers less
than 0.55 utilize table I which covers the low J advance ratio range of operation.

For example, for the 8/15.56 foot diameter Prop~Fan, calculate the power required
for a net thrust of 20241 pounds at 0.25 Mach number at sea level, ISA

Calculate: - J

(101.4) (Mo) (Cgx) / ND
= (101.%) (0.25) (661.2) , 15279

= 1.097

Cryer = (Thet) (90/0) 7 66.1 (ND/17G00)" D*
= (20241) (1.0) / 6o.1 (1.5279)« (15.50)°
= 0.542

From Table I Cp = 0.984

SHP = (20) (ND/10000)3 D* C.. / (po/o)

o
= (20) (1.5279)3 (15.56)< (0.984) 1.0

= 17000
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Given: 23,672 Newtons of installed thrust at 0.80 Mach number of

SI Urits

meters ISA altitude

Select the diameter required for a:

SP13A77T

10,668

EE/DZ = 301 KW/M2 for an 8 bladed Prop-Fan operating at 243.84 mps

tip speed
Calculate: ND = (243.84) (60) / w = 4657
¢ (KW/D2) {po/o)
5.674 a \ 3
| Tooo
(301) (3.2196)
(5.674) (4.657)3
- 1.691
7= (60) M) (Gu/s)
ND
. (60) (0.8) (296.48)
4657 )
Cfyee = .4505 (Table VII)
Wer = CTNet J . (0.4505) (3.06)
) Cp 1.691
/ 2
and Typy = 360.42 <.lfl.) D2 Cry,, / (po/p)
1000
= 340,42 (4.657)2 D2 (0.4505) / 3.2196
Tygr = 1033.7 D°

For the engine selected, calculate a diameter such that:

= 0.8i5

Net Thrust + Jet Thrust - Nacelle Drag - Wing Int. Drag = 23672 Newtons

This is an iterative process.
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HAMILTON STANDARD . o
Vet moaes -
For example:

Diameter = 4,743 meters
Tpee = 23256 newtons
Tjet = +1815 newtons
Dnacelle -930 newtons
Dinterf = .467 newtons

Tinstalled = 272672 newtons
KW = (KW/D2) (D2) = (301) (4.743)2 = 6771

For takeoff, climb, loiter and other performance points for Mach numbers less
than 0.55, utilize table I which covers the low advance ratio range of operatiom.

For example, for the 8 blade, 4.743 meter diameter Prop-Fan, calculate the power
required for a net thrust of 90032 newtons at 0.25 Mach number at Sea Level,
ISA at 243.84 meters per second tip speed
Calculate: - J = (60) (Mo) (Cm/s) /ND
= (60) (0.25) (340.2) / 4657
= 1.096
CTNet = (Tyee) (00/p) / 340.42 (ND/1000)2 D?
= (90032) (1.0) / 340.42 (4657)2 (4743)°

= 0.542

From Table I Cp 0.984
KW = 5.674 (ND/1000)3 D2 Cp / (50/0)
= 5.674 (4.657)° (4.743)2 (0.984) / (1.0)

= 12686

-3



HAMIIJ'ONS‘I’ANMRD%

I\

Yo
. 1079
J. 1519
J.207¢C
0.271
0. 3420
J.a 190
0.5037
0. 9935
0.0848
0.7675
0.8478
0.9137
C.%080
0.9933
1.0218

Q. 1o
d. 2000
0. 3000
(URIYTR Y )
QL5000
O, 00N
O, 7000
0. 3000
0. 90N
1.d000

0.0819
0.1321
J. 1970
Jd, 2788
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O T3
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1.6 3
1. 2085
1
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3 BLADED PRUOP-FAN PFRFORMANCE

R N

YeSasncoms

TABLE !

LrNet

O, 200«
D.2n74
0. 3280
0. 3851
0.+361
Q.. 00
0.51w2
Q. 5385
0.5524
0.5559
V.55l
0.54603
U.95185
0.4870
(VIR D)

0. 1655
O, 2908
0, 3382
0. 4580
0.5135
O, Seod
0. 53940
Q.olan
0.6250
0.0130

O. 117
g. 1528
0. 2500
Q. 330N
AFIVRR
Dew ™V
O. 5381
0. 5%
J.o3le
Do~ ")
N, TOTs
D, 7L 0

O, Tans

< 1).55 MACH NUMRFR

d.o

0.8

1.0

Cp
Q.00
QL2
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0, 28«1
0. 385o
0. 5307
0.63133
U. 7840
0.9 73
1. 11as
1.29%n
1.+4871
l.6082

0,020
0.178«
0,279
O, 3944
g5 23
Q.0079
J.8 30
1.0
1. 1969
1.9
1.5921
1.7551
1.9110

R\ Y Yo
AP Y R
dolod
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0. 8801
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1230w
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.72
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‘Yth

ARV
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A
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doalel
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d, 80
RPE AN
AP
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O, Teds
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O, losa
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l.olis
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t
s

Cp

0.2241
0.3892
0,5604
0.7361
0.9153
1.0998
1.2917
1.4934
1.7002
1.8389
1.9801

0.0565
. 2404

o
e
W

(S I I e I o
. ¢ &
O O I & 100

0.1453
0.2874
0.4323
0.5786
0.7282
0.8785
1.0296
1.1824
1.3381
1.4975
1.6609
1.8297

7 1799

— L/ e

8 BLADED PROP-FAN PERFORMANCE

TABLE I (Coat)

CTNet

0.09Q3
0.1656

.2377
0.3055
0.3698
0.4297
0.4844
0.5324
0.5722
0.5945
0.6146

0.0045
0.0872
0.1670
0.2427
0.3133
0.3797
0.4413
0.4968
0.5295
0.5591
0.5833
0.6042
0.6235

0.0391
0.0966
0.1527
0.2072
0.2582
0.3071
0.3542
0.3989
0.4413
0.4806
0.5165
0.5483
0.5988

< 0.55 MACH NUMBER

J

2.8

3.0

Cp

0.1322
0.2929
0.4562
C.6211
0.7889
0.9576
1.1271
1.2982
1.4718
1.6492
1.8313
2.0189
2.2103
2.3996

0.1461
0.3270
0.5105
0.6952
0.8832

9.6025
0.8089
1.0187
1.2287
1.4396
1.6523
1.8683
2.0889

CTNet

0.0283
0.8911
0.1480
0.2051
0.2586
0. 3096
0. 3586
0.4051
0.4488
0.4891
0.5208
0.5581
0.5858
0.6074

0.0285
0.0921
0.1537
0.2127
0.2682
0.3210
0.3714
0.4192
0.4638
0.5045
0.5410

0.0399
0.1059
0.169«
0.2303
0.2871
0.3410
0.3926
0.4409
0.4856
0.5259

Cp
0.0626
0.2854
0.5121
0.7402
0.9303
1.2035
1.4365
1.6706
1.9071
2.1479

SP13AT7
Revision A
2/28/78

bTNet

-.0059
0.0626
0.1304
0.1953
0.2573
0.3148
0.3696
0.4214
0.4697
0.5134
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2.0

Cp
0.3976
0.5065
0.6187
0.7343
0.8529
0.9741
1.0979

1.2241

0.4954
0.6198
0.7425
0.8782
1.0117
1.1479
1.2864

0.3665
0.5017
0.6403
0.7824
0.9275
1.0755

0.2516
0.4172
0.5867
0.7599
0.9365
1.1103
1.204]
1.4349
l.o73%
1.8648
2.0584

TABLE Il

8 BLADED PROP-FAN PERFORMANCE

CTnet
0.1717
0.2193
0.2647
0.3087
0.3573
0.3933
0.4335
0.4724

0.1956
0.2440
0.2902
0.3550
0.3786
0.4209
0.4614

0.1283
0.1810
0.2321
0.2808

0.2355
0.2886
0.3392
0. 3881
0.4357
0.4807
0.5238
0.5052

0.55 MACH NUMBER

NNet

0.864
0.300
0.856
0.341
0.825
0.807
0.790
0.772

0.869
0.866
0.854
0.839
0.824
0.806
0.739

[ NoNoNaReoNeNolo N
.« 0

~4 ~3 0 0 O W ww®

1O T LW wWrte OO r—

0O r &~

.

- L] Ll . . L] .
J5- 10w

COOCOOO0OOO0O0
.
100 W W W Www w2

@Oraumo\ﬂou

~1 &

0.863
0.851
0.337
0.321
Q.304
0.787
0.770

10

[9%]
.
i~

P s v = OO O QO
.

0.3922
0.5994
0.8106
1.02 55
1.244

1.466

1. 6015
1.9204
2.1515
2.3848

0.3008
0.5272

0.7581
0.9929
1.2318
1.4744
1.7204
1.9699

hl '\ﬂlw

-t -

2,4758

CTNet
0.0726
0.1345
0.1940
0.2510
0.3056
0.3579
0.5%082
0.4570
0.5030
0.5409
0.5899

0.0931
0.1564
0.2171

L2756
0.3314
0. 33848
0.4364
0.4862
0.5325%
0.57606

0.0555
0.1226
0.1877
0.2493
0.3087
0.3655
0.4201
0.4726
0.5217
0.5080

SP13ATT
Revision A
2/28/78

" Net

c.719
0.826
0.859
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Cp
0.5068
0.6347
0.7660
0.9005
1.0379

1.4073
1.5671

0.2343
0.13843

"0.5382

0.6959
0.8571
1.0216
1.1891
1.3592
1.5323
1.7077
1.8859

0.2545
0.4225
0.5944
0.7702
0.9495
i.1321
1.3179
1.5065
1.6981
1.8925
2.0893

L

TABLE III

8 BLADED PROP-FAN PERFORMANCE

cTNec
.2001
.2494
0.2965
0.3422
0.3368
0.4295
0.4711
0.5105

0.1308
0.1843
0.2362
0.2855
0.3332
0.3792
0.4240
0.54666
0.5081

0.0645
0.1225
0.1786
0.2327

.2844
0.3339
0.3816
0.4281
0.4724
0.5147
0.5556

0.0638
0.1243
0.1827
0.2387
0.2923
0.3435
0.3929
0.3410
0.4864
0.5298
0.5721

0.60 MACH NUMBER

0O Net

0.869
0.865
0.852
0.836
0.820
0.802
0.784
0.766

0.843
0.866
0.869
0.860
0.846
0.830
0.813
0.796
0.778

0.716
0.829
0.863
0.869
0.3863
0.850
0.835
0.819
0.802
0.784
0.767

L » o &
1 W W W W W

02
34

COOOLCOOOO0O0

S
.
~a
[e )
~1

11

J
3.0

3.6

S

0.3061
0.4940
3.6880
0.3818
l.o812
1.2840
1.4901
1.6994
1.9120
2.1266

0.3964%
0.6061
0.8200
1.0378
1.2594
1.4840

7129
1.9449
2.1794
2.4158

0.3036
0.5329
0.7604
1.0043
1.2402
1,4918
1.7410
1.9939
2,491

0,2188
0.4091
L7242

J,9837
1,2476
1.5154
1.7869
2.0n1b
2. 3392

2.0193

CTyet

0.0736
0.1362
0.1964
0.2541
0.3092
0.3020
0.4129
0.4022
0.5085
0.552¢6

0.0943
0.1583
0.2196
0.2787
0.3350
0.3891
0.4411
0.4910
0.5378
0.5823

0.05603
0.12a1
0.1899
0.252}
0.312
0. 309
0.,a244
LA773
d.5267
Q.3734

0.0238.

0.0950
0.1043
0.2306
0.2935
0.3530
0.s3118
0.+4673
0.5198
J.5082

SP13AT7

N et

0,844
0.847
04,341
0,330
0.31lo
(3.300
Q.781
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2.6

2.8

3.0

CP
0.3822
0.5244
0.6704
0.8202
0.9733
1.1296
1.2888
1.4505
1.6147
1.7810

0.2385
0.3919
0.5495
0.7111
0.8763
1.0450
1.2168
1.3914
1.5690
1.7488

0.2583
0.4295
0.6049
0.7843
0.9674
1.1538
1.3435
1.5360
1.7317
1.9305

0.1238
0.3104
0.5014
0.6968
0.8960
1.0990
1,3055
1.5154
i.7283
1.9450
2.1037

TABLE IV

8 BLADED PROP-FAN PERFORMANCE

CTNet

0.1345
0.1894
0.2424
0.2929
0.3416
0.3888
0.4345
0.4779
0.5195
0.5605

0.0661
0.1253
0.1825
0.2376
0.2901
0. 3405
0.3892
0.4363
0.4814
0.5241

0.0652
0.1268
0.1860
0.2429
0.2973
0.3493
0.3994
0.3479
0.4938
0.5379

0.0102
0.0750
0.1385
0.1994
0.2580
0.3138
0.3673
0.+188
0.4685
0.5153
0.5599

0.65 MACH NUMBER

NNet

0.845
0.867
0.868
0.857
0.842
0.826
0.809
0.791
0.772
0.756

0.721
0.832
0.863
0.869
0.861
0.847
0.832
0.815
0.798
0.779

0.707
0.827
0.861
0.867
0.860
0.848
0.333
0.816
0.799
0.780

0.246
0.725
0.329
0.859
0.864
0.857
0.844
0.829
0.813
0.795
0.776

3.6

3.8

o)

0.1930
0.4016
0.6146
0.8318
1.0530
1.2782
1.5070
1.7397
1.9751
2,2132

2.4535

0.3075
0.5%00
0.7770
1.0184
1.2639
1.5134
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CTNet

0.0282
0.0953
0.1607
0.2227
0.2825
0.3395
0.3941
0.4469
0.4970
0.5441
0.5891

0.0572
0.1259
0.1926

.2555
0.3161
0.3740
0.4297
0.4829
0.5325
0.5795
0.6262
0.0242
0.0963
0.1665

L2334
0.3577
0.4162
0.4724
0.5250
0.5740
0.6221

0.0719
0.1454
0.2160
0.2824

0.3471

SP13ATT

n Net

0.467
0.760
0.837
0.857
0.859
0.850
0.837
0.822
0.805
0.787
0.769

0.633
0.793
0.843
0.853
0.850
0.840
0.827
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0.786
0.329
0.338
0.835
0.827
0.815
0.748
0.77e
Q.761
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2.8

3.0

Cp

0.4030
0.5661
0.7334
0.9046
1.0795
1.2577
1.4390
1.6228
1.8092
1.9984

0.2639
0.4398
0.6202
0.8047
0.9933
1.1855
1.3309
1.5793
1.7810
1.9852

0.1254
0.31631
0.5119
0.7122
0.9162
1.1243
1.3361
1.5514
1.7698
1.9914

0.1959
0.4086
0.6261
0.8480
1.0741
1.3042
1.5381
1.7753
2.0156
2.2598

TABLE V

8 BLADED PROP-FAN PERFORMANCE

CTyet
0.1295
0.1881
0.2447
0.2985
0.3502
0.4002
0.4483
0.4939
0.5373
0.5804

0.0672
0.1302
0.1907
0.2489
0.3044
0.3575
0.4087
0.4580
0.5048
0.5491

0.0107
0.0769
0.1418
0.2039

.2635
0.3202
0.3747
0.4271
0.4773
0.5247

0.0290
0.0974
0.1639
0.2270
0.2877
0.3456
0.4010
0.4545
0.5047
0.5527

0.70 MACH NUMBER

n Net

0.836
0.864
0.867
0.858
0.844
0.828
0.810
0.791
0.772
0.755

0.713
0.830
0.861
0.866
0.858
0.845
0.829
0.812
0.794
0.775

0.256
0.729
0.831
0.859
0.863
0.854
0.841
0.826
0.809
0.790

0.474
0.763
0.838
0.856
0.857
0.848
0.835
0.819
0.301
0.783
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J
3.4

3.6

3.8

s
.
o

Cp
0.3122
0.5490
0.7905
1.0366

. 2869
1.5413
1.7992
2.0604
2.3242

0.2240
0.4818
0.7447
1.0124
1.2846
1.5610
1.8412
2.1246
2.4111
2.7002

0.4275
0.7135
1.0046
1.3004

0.3890
0.6999
1.0161
1.3372
1.6026
1.9921
2.3251
2.6623
3.0010

Crnee

0.0584
0.1284
0.1960
0.25%598
0.3212
0.3800
0.4364
0.4902
0.5400

0.0248
0.0980
0.1692
0.2370
0.3014
0.3631
0.4224
0.4790
0.5319
0.5812

0.0732
0.1476
0.2192
0.2863
0.3519
0.4129
J3.4715
0.5281
0.5790

0.0538
0.1315
0.2060
0.2765
0.3446
0.4078
0.4703
0.5277
0.5807

SP13AT?

n
Net

0.636
0.795
0.843
0.852
0.849
0.838
0.825
0.809
0.790

0.399
0.733
0.818
0.843
0.845
0.838
0.826
0.812
0.794
0.775

0.651
0.786
0.829
0.537
0.833
0.825
0.813
0.795
0.776

0.554
0.751
0.811
0.827
0.826
0.820
.308
93

-
i

tJ

[oNeNe
~ o~

&~
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J Cp CTNet N Net
4.2 0.3695 0.0399 0.454
0.7070 0.1207 0.717
1.0500 0.1980 0.792
1.3979 0.2715 0.816
1.7504 0.3406 0.817
2.1070 0.4086 0.813
2.4673 0.4718 0.803
2.8317 0.5312 0.788
3.1981 0.5865 0.770

TABLE V (Comt)
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3.0

3.0

Cp
0.2708
0.4535
0.6410
0.8331
1.0292
1.2295
1.4331
1.6400
1.8500
2.0626

0.3239
0.5259
0.7327
0.9440
1.1593
1.3736
1.6015
1.82758
2.0567

0.4177
0.6414
0.869%9
1.1026
1.3397
1.5806
1.8250
2.0725

0.5630
0.8077
1.0599
1.3167
1.5804
1.8454
2.1135
2. 3849
2.0582

Q.2279
0.4916
0.7609
1.0348
1.3136
1.59%8
1.8839
L1745
2.4079
2.76348

Oneans

TABLE VI

8 BLADED PROP-FAN PERFORMANCE

crNet

0.0698
0.1350
0.1972

.2572
0.3141
0.3687
0.4215
0.4716
0.5193
0.5647

0.0794
0.1462
0.2098
0.2710
0.3290
0.3847
0.4285
0.4892
0.5373

0.1000
0.le82
0.2327
0.2946
0.3537
0.4103
0.4649
0.5157

0.1314
0,2005
0.2654
0.3280
0.3881
0.4455
0.4990
0.5505
0.5985

s & @

~1Q e~ O e
O OWmr— woOWwm
~1ts 0 O o &~

O OUOoOOOo
.
b b b — — O

(o)

0.4878
0,5412
0, 5997

0.75 MACH NUMBER

et
0.722
0.834
0.861
0.864
0.835
0.840
0.824
0.805
0.786
0.767

0.735
0.833
0.859
0.861
0.851
0.837
0.821
0.803
0.783

0.766
0.839
0.859
0.855
0.845
0.831
0.815
0.796

0.79&
0. 844
0.851
0.847
0.338
0.821
0.804
0.785
0.760

0.4006
0.736
0.319
0.3832
0.343
0.835
0.323
J.308
J.739
Q. 770

J
3.8

4.0

-~
.
ra

Lp
0.,4356
0.7279
1.0251
1.3274
1.6344
1.9451
2,259
2.5771
2.8973

0.3960
0.7130
1.0356
1.3632
1.6954
2.0317
2.371%
2.7183
3.0607

0.3760

CTth

0.0749
0.1508
0.2235
0.2916
0.3583
0.4202
0.4792
0.5364
0.5873

0.0551
0.1341
0.2098
0.2812
0.3504
0.41406
0.4776
0.5356
0.58386

0.0409
0.1228
0.201%
0.2759
0.3401
0.4148
0.4788
0.5385

0.0325
0.117«
0.19384
0.4753
0.3476
0.4139
0.4340
0.5457

SP13ATT

[ eV R

QU OO0OOCOO
.

I~ WKW~ ~

W O e =0 r~n

" & e " & » .
10 W UL ~d T
OO N~

tor— &~ S Ly~ -1 &~

QUOO0OO0COC
.

.
~4
-4

]



/md
UNITED

TABLE VII

8 BLADED PROP-FAN PERFORMANCE

HAMILTON STANDARD

J Cp CTNet
2.8 0.2800 0.0727
0.4716  0.1405
0.6687  0.2050
0.8708 0.2673
1.0776  0.326l
1.2887 0.3827
1.5037  0.4374
1.7221  0.4888
1.9438 0.5376
2.1584  0.5855
3.0 0.3343  0.0826
0.5451  0.1517
0.7612 0.2174
0.9821  0.2807
1.2076  0.3406
1.4373  0.3980
1.6709  0.4535
1.9079  0.5053
2.1481  0.5545
3.2 0.4310 0.1037
0.6636 0.1741
0.9012  0.2406
1.1439  0.3046
1.3908  0.3651
1.6420 0.4234
1.8970  0.4793
2.1550 0.5308
3.4 0.5%776 0.1359
0.8343  0.2067
1.0963  0.2737
1.3626  0.3389
1.6336  0.3990
1.9085 0.4577
2.1866 0.5128
3.6 0.5043 0.1034
0.7820 0.1779
1.0652  0.2486
1.3531  0.3167
1.6457  0.3798
1.9424  0.4415
L2428 0.4999

0,80 MACH NUMBER

et
0.727
0.834
0.858
0.859
0.847
0.832
0.814
0.795
0.774
0.756

0.741
0.835
0.857
0.857
0.846
0.831
0.814
0.795
0.774

0.770
0.840
0.854
0.852
0.840
0.825
0.809
0.788

0.800
0.842
0.849
0.846
0.830
0.815
0.797

0.738
0.819
0.840
0.843
0.831
0.818
0.832

16

J
3.8

4.0

4.2

4.4

4.6

Cp
0.4458
0.7464
1.0527
1.3643
1.6803
2.0005
2.3243

0.7302
1.0616
1,3983
1.7397
2.0853

0.7363
1.0946
1.4582
1.8268
2.1998

0.7678
1.1548
1.5474
1.9449
2.3468

0.8282
1.2459
1.6691
2.0973
2.5298

0.9215
1.3714
1.8270
2.2875
2.7523

CTNet

0.0771
0.1543
0.2292
0.2990
0.3656
0.4301
0.4908

0.1374
0.2149
0.2874
0.3581
0.4235

0.1259
0.2059
0.2813
0.13531
0.4217

0.1200
0.2025
0.2807
0.3542
0.4265

0.1197
0.2043
0.2845
0.3601
0.4328

0.1248
0.2114
0.2933
0.3706
0.4447

SP13ATT

TNet
0.657
0.788
0.827
0.833
0.827
0.817
0.802

0.753
9.810
0.822
0.823
0.812

0.718
0.790
0.811
0.812
0.805

0.745
0.771
0.798
0.801
0.799
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TABLE VIII
SLIPSTREAM CHARACTERISTICS

J Cp ¢ AV/V J G ) av/v
0.4 0.2 24,40 0.1132 1.4 0.2 3.50 0.0180
0.4 30.9% 0.1223 0.4 6.10 0.0336
0.6 33.50 0. 12458 0.6 .23 0.0474
0.8 35.50 0.1240 0.8 10.10 0.0585
1.0 37.15 0.1228 1.0 11.70 0.0670
1.2 38,40 0.1210 1.2 13.18 0.0732
1.4 14.50 0.0786
0.6 0.2 16.10 0.0852 1.6 15.70 0.0834
0.4 21.30 0.1030 1.8 16.70 0.8800
0.6 24,90 0.1131
0.8 27.20 0.:i181 1.6 0.2 2.53 0.0143
1.0 29.10 0.1212 0.4 4.73 0.0268
1.2 30.70 0.1233 0.6 6.53 0.0384
1.4 32.00 0.1245 0.8 8.2 0.0485
1.6 33.10 0.1251 1.0 9.62 0.0569
1.2 10.98 0.0637
0.8 0.2 10.00 0.059¢ l.4 12.22 0.0689
0.4 15.30 0.0813 1.6 13.40 0.0736
0.6 18.55 0.0950 1.8 14,45 0.0779
0.8 20.80 0.1030 2.0 15.40 0.0820
1.0 22.75 0.1085
1.2 24.50 0.1129 1.8 0.2 2.03 0.0116
1.4 26.00 0.1160 0.4 3.83 0.0228
1.6 27..5 0.1188 0.6 $.36 0.3330
0.8 6.77 0.0419
1.0 0.2 6.40 0.0360 1.0 8.10 0.0490
0.4 10.70 0.060S 1.2 9.33 0.0559
0.6 13,78 0.0772 1.4 10.50 0.0603
0.8 16.10 0.0867 1.6 11,60 0.0650
1.0 18.10 0.0933 1.8 12.57 0.0695
1.2 19.80 0.0988 2.0 13.52 0.0733
1.4 21,20 0.1032 ‘
1.6 22.40 0.1070 2.0 0.2 1.70 0.0102
1.8 24.38 0.1099 0.4 3.15 0.0193
0.6 4.50 0.0230
1.2 0.2 4.70 0 7240 0.8 5.78 0.0362
0.4 7.93 0.0435 1.0 6.97 0.0431
0.6 10. 55 0.059% 1.2 8.05 0.0494
0.8 12.55 0.0701 1.4 9.13 0.054°
1.0 14.30 0.0781 1.6 10.10 0.05923
1.2 15.90 0.0850 1.8 11,02 0.0638
1.4 17.40 0.0904 2.0 11.%0 0,0678
1.6 18.60 0.0952 2.2 12.63 2.071§
1.8 19,74 0.0993

17
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TABLE VIII (Cont)

J o $ av/v J Cp s AV/V
2.2 0.2 1.40 0.0092 3.0 0.2 0.75 0.N059
0.4 2.70 0.0170 0.4 1.50 0.0105

0.6 3.90 0.0243 0.6 2.25 0.0152

0.8 4.98 0.0310 0.8 3.00 0.0199

1.0 6.02 0.0375 1.0 3.75 0.024]

1.2 7.03 0.0432 1.2 4,50 0.0282

1.4 8.00 0.0482 1.4 5.25 0.0325

1.6 8.92 0.0530 1.6 6.00 0.0369

1.8 9.82 0.0573 1.8 6.75 0.0410

2.0 10.69 0.0615 2,0 7.50 0.0449

2.2 11.48 0.0655 2.2 8.25 0.0488

2.4 0.2 1.22 0.0082 3.2 0.2 0.70 0.0052
0.4 2.30 0.0145 0.4 1.40 0.0C95

0.6 3.32 0.0205 0.6 2.09 0.0140

0.8 4.30 0.0263 0.8 2.78 0.0185

1.0 5.28 0.0319 1.0 3.48 0.0227

1.2 6.23 0.0372 1.2 4,18 0.0263

1.4 7.13 0.0425 1.4 4,87 0.0302

1.6 8.00 0.0473 1.6 5.57 0.0342

1.8 8.83 0.0520 1.8 6.26 0.0379

2.0 9.60 J3.0563 2.0 6.96 0.0418

2,2 10.32 0.0602 2.2 7.66 0.0455

2.6 0.2 1.03 0.0072 3.4 0.2 0.65 0.0045
0.4 2.00 0.0122 0.4 1.30 0.0088

0.6 2.90 0.0182 0.6 1.96 0.0129

0.8 3.78 0.0237 0.8 2,61 0.0169

1.0 4.63 G.0320 1.0 3.2 0.0209

1.2 5.50 0.0338 1.2 3.91 0.0245

1.4 6.35 0.0385 1.4 4,56 0.0282

1.6 7.20 0.0433 1.6 5.22 0.0319

1.8 8.03 0.0478 1.8 5.87 0.0352

2.0 8.80 0.0523 2.0 6.52 0.0388

2.2 9.50 0.0568 2.2 7.17 0.0420

2.8 0.2 0.83 0.0015 3.6 0.2 0.60 0.Q0%0
0.4 1.66 0.0115 0.4 1.20 0.0073

0.6 3.00 0.0168 0.6 1.30 0.0118

0.3 3.33 0.0219 0.8 2.0 0.0158

1.0 4.16 0.0257 1.0 3.00 0.01¢92

1.2 4.99 0.0312 1.2 3,60 0.0225

1.4 5.82 0.0359 1.4 4,20 0.0253

1.6 6.66 0.0%02 1.6 4.80 0.0292

1.8 7.49 0.0445 1.8 5.40 0.0322

2.0 8.32 0.0488 2.0 6.00 0.,03553

2.2 9.15 0.0531 2.2 6.60 0.0387
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TABLE VIII (Cont)

I ¢ AV/V
3.8 0.2 .56  0.0033
0.4 £.12 0.0038
0.6 1.68  0.0iC3
0.8 2.2  0.013?
1.0 2.80  0.0170
1.2 3.36  0.0200
1.4 3,92 0.0232
1.A 448  0.0263
1.8  5.06  0.0292
2.0 5.60  0.0320
2.2 6.16  0.0345
4.2 0.2 0.46  0.0028
0.4  0.93  0.0062
0.6  1.39  0.0095
0.8 1.86  0.0125
1.0 2.32  0.0155
1.2 2.78  0.0182
1.4 3.25  0.0210
1.6 3,71  0,0238
1.8 418 0.0263
2.0 4.64  0.0285
2.2 5.10  0.0308
4.6 0.2 0.40  0.002¢
0.6  0.79  0.0352
0.6 1.19  0.0080
0.8 1.58  0.0108
10 .98 0.0132
1.2 2,38  0.0155
1.4 2,77 0.0182
1.6  3.17  0.0203
1.8 3.56  0.0223
2.0 3.96  0.0243
2.2 4.36  0.0262
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PROP-FAN PERFORMANCE ESTIMATION

This data package provides Prop-Fan Performance in a non-dimen-
sional coefficient format which permits the user to estimate
performance over a broad range of operating conditions. The

data is presented in tabular form for ease of computer application.

The performance is presented in terms of net thrust coefficient
(cTNet) as a function of power coefficient (Cp) for constant values
of advance ratio (J). The following tables are included:

I Mach Number <.5!

I1 Mach Number =0.55

III Mach Number =0.60

IV  Mach Number =0.65

v Mach Number =0.70

VI Mach Number =0.75

VII Mach Number =0.80

VIII Slipstream Characteristics

The Q.55 to 0.80 Mach number tables also include a tabulation of
net efficiency (NyNer) to allow for a visual estimation of
performance level.

The non-dimensional coefficients are defined in engineering terms
as English Units:

Jm 101.4 Mg Cg . 1014 V
ND ND
< SHP (po/p) SHP {(po/c)

Cp

20 (ND/10,000)3 D2 2000 (¥/1000)3 (D/10)3

Fypp=66.1 (ND/10,000)* p2 / (po/p)

“TyEr
Tygr=6610 (¥/1000)2 (0/10)* Cp ./ (e0/p)

vhere: TNET = Uninstalled Prop-Fan net thrust, pounds
N = Prop-Fan rotatioral speed, rpm
D = Prop-Fan tip diameter, feer*

pe/p > Density ratio, sea level ISA to ampient conditions
(00=0.002378 lb-sec?/ft®)
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My = Free stream Mach number

Cx = Speed of sound, knots

v = Free stream velocity, true airspeed, knots
where: ND = (TS) (60)/«

TS = Tip speed,ft per second

¢ = Average swirl angle, degrees

4V = Incremental induced axial velocity immediately behind disk, knots

In SI Uaits:

60 M, Ca/s .GOV
ND ND

J=

/0)

% 5.674 3 p2
1ooo

2
2 0
Typr~ 3409.2 ('000) D2 Crypy/ (00/%)

where Ky = power, kilowatts
TNET = Uninstalled Prop-Fan net thrust, newtons

N = Prog Fan Rotational Speed, RPM

D Prop-Fan Diameter, Meters
oolo = Density ratio, sea level ISA to ambient conditioms

M, = Free stream Mach number

Ca/s ® Speed of sound, metcrs per second
v = Free stream velocity, meters per second
¢ = Average swirl angle degrees
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av = Incremental axial induced velocity immediately behind disk,
meters per second

where ND = (TS) (60) / =
TS = tip speed, meters per second

The "Net Thrust (Typr)" is the uninstalled thrust of the Prop-Fam rotor
operating in the presence of a nacelle. The buoyancy force between the
rotor and nacelle face has been removed from the rotor thrust, and there-
fore it should not be included in the nacelle drag. Installed propulsive
thrust is obtained by adding the uninstalled net thrust (Typy) to the
core engine jet thrust and then subtracting the drag of the nacelle and
the losses due ro nacelle/wing interference. .

The slipstream characteristics are also presented in tabular form.

Average swirl angle (3) and incremental axial induced veiocity immediately
behind the disk over freestream velocity (AV/V) are presented as a function
of power coefficient (Cp) for given values of advance ratio (J). Theoreti-
cally the induced axial velocity douvbles in the ultimate wake which is
approximately two diameters downstream.
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SAMPLE PROBLEMS

<nglish Units

Given: 5409 1b installed thrust required at 0.80 Mach number at 35,000 fr., ISA
Select the diameter required for an:

SHP/DZ of 37.5 for a 10 bladed Prop-Fan operating at 800 feet per
second tip speed
Calculate: ND - (800) (60) / = = 15,279

¢, = (SHP/D?) (po/p)
20 (ND/10000)3
(37.5) (3.2196)

(20) (1.5279)3

= 1.692
J = (101.4) (Mo} (Cg) / ND

= (101.4) (0.80) (576.3) / (15,279)

= 3,060
CTNet = 0.458 (Table VII)
\ (0.458) (3.060) _
Wer = CTNet J = 0.828

Cp 1.692
and Tyee = 66.1 (D)7 (¥D/10000)2 Cpy, . / (p0/0)
= 66.1 (D)% (1.5279) (0.458) / (3.2196)
= 21.951 p?
For the engine selected, calculate a diameter such that:
Net Thrust + Jet Thrust = Nacelle Drag - Wing Int. Drag = 5409 lbs

This is an iterative process.
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For examp e:

Diameter = 15.56 feet

Tnet = 5315 pounds
Tiet = +408 pounds
Dhacelle = =209 pounds
Dinters = 2105 pounds

i Tins:alled = 5409 pounds
SHP = (SHP/D2) D2 = (37.5) (15.56)2 = 9079

For takeoff, climb, loiter and other performance points at Mach numbers less
than 0.55, utilize table I.

For example, for the 10 bladed / 15.56 foot diameter Prop-Fan calculate the
power required for a net thrust of 20,630 pounds at 0.25 Mach number at Sea
Level, ISA at 800 feet per second tip sveed.

Calculate: - J = (101.4) (Mo) (Cg) / ND
= (101.4) (0.25) (661.2) / 15279
= 1.097

CTNet

(Tyer) (p0/0) / 66.1 (ND/10,000)2 p?
= (20,630) (1.0) / 66.1 (1.5279)2 (15.56)2

= 0.552

From Table 1 Cp 0.984
SHP = (20) (ND/10,000)3 D2 Cy / (po/p)
= (20) (1.5279)3 (15.56) (0.984) / 1.0

= 17,000
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Given:

SI Units

meters ISA altitude

Select the dismeter required for a:

SP14A 77

24,040 Newtons of installed thrust at 0.80 Mach number at 10,668

KW/D% = 301 KW/m2 for a 10 bladed Prop-Fan operating at 243.84 mps

tip speed
Calculate: ND = (243.84) (60) / v = 4657
¢, - (H/D?) (00/p)
5.674 ( ND \3
1000
_ (301) (3.2196)
5.674 (4.657)°
= 1.692
J = (60) (Mo) (Cp/s)
ND
. (60) (0.8) (296.48) _ . .
4657
CINet = 0.458 (Table VII)
CTy
n; a _“TNet ; . (0.458) (3.06)
Jet Ca s 0.828
and Typr = 340.42 _ND_ 2 p Clyer / (20/0)
1000
= 340.42 (4.657)% (D2) (0.458) / 3.2196
TNet = (1050.2) (D2)

For the engine selected, calculate a diameter such that:

Net Thrust + Jet Thrust -~ Nacelle Drag - Wing Int. Drag =

This is an iterative process.

24040 Newtons
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For example:

Diameter = 4,743 meters

Thet = 23622 newtons
Tjet = +]1815 newtons
Dpacelle = =930 newtons
Dinterf = =467 newtons

Tinstalled = 24040 newtons
KW = (RW/D2) (D2) = (301) (4.743)2 = 6771

For takeoff, climb, loiter and other performance points for Mach Numbers less
than 0.55, utilize table I which covers the low advance ratio range of operation.

For example, for the 10 blade, 4.743 meter diameter Prop-Fan, calculate the
power required for a net thrust of 91762 newtons at 0.25 Mach number at Sea
Level, ISA at a 243.84 meters per_second tip speed.
Calculate: = J = (60) (Mo) (Cm/s) / ND
= (60) (0.25) (340.2) / 4657
= 1.096
CIyet = (Tp.,) (p0/0) / 340.42 (ND/1000)2 p?
= (91762) (1) /360.42 (4.657)2 (4.743)2
= 0.552
Fror Table I .Cp = 0.984
KW = 5.674 (ND/1000)3 D% C, / (po/o)
= 5,674 (4.657)3 (4.763)2 (0.984) / 1.0)

= 12686
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0.2

0.4

Co

0.1073
0.1519

.2072
0.2725
0.3442
0.4238
0.5118
0.6085
0,7091
0.7996
0.8969
0.9702
1.0395
1.0843
1.1306

0.1000
0.2000
0. 3000
0.4000
0.5000
0.6000
0.7000
0.8000
0.9000
1.0000
1.1000

0.0819
0.1322
0.1976
0.2775
0.3700
0.4778
0.6045
0.7499
0.9062
1.0752
1.2452
1.4304
1.5945

TABLE 1
1Q ELADF.2 PROP-FAN PERFORMANCE
< 0.55 MACH NUMBER

‘et T % Cryee
0.2062 0.6 0.0629 0.0657
0.2675 0.1213  0.1397
0.3288 0.1967 0.2148
0.3872 0.2874 0.2986
0.4401 0.3907 0.3780
0.4860 0.5108 0.4548
0.5237 0.6491 0.5266
0.5528 0.8075 0.5912
0.5709 0.9778  0.6426
0.5812 1.1584 0.6789
0.5846 1.3470 0.7152
0.5733 1.5456  0.7537
0.5565 1.7334  0.7664
0.5300
0.4983 0.8 0.0932 0.0864

0.1807 0.1714
0.1650 0.2847 .2576
0.2940 0.4039  0.3426
0.3890 0.5367 0.4246
0.4665 0.6385 0.5012
0.5205 0.8619 0.5701
0.5685 1.0483  0.6285
0.5980 1.2445 0.6726
0.6255 1.4527 0.7022
0.6500 1.6619 0.7296
0.6695 1.7303 0.7435
0.6800 1.9100 0.7494
0.1147 1.0 0.0468 0.026
0.1831 0.1493 0.1196
0.2572 0.2699 0.2132
0.3332 0.4071  0.30438
0.4085 0.8572  0.3929
0.4813 0.7251  0.4750
0.5490 0.9157  0.5488
0.6050 1.1207  0.6107
0.6501 1.3377  0.6625
0.6979 1.5661  0.6985
0.7328 1.8015 0.7219
0.7700 1.8902 0.7183
0.7712 1.9849  0.7334

2.0763 0.7367

J

102

1.€

1.8

Cp
0.1036
0.2445
0.4031
0.5746
06.7622
0.9728
1.2006
1.8424
1.6937
1.7972
1.,9012
2.0043

0.0465
0.2120
0.3952
0.5928
0.8040
1.0387
1.2947
1.5635
1.8381
2.1251

0.1767
0.3888
0.6166
0.8570
1.1211
1.4086
1.7063
2.0114

2.3277

0.1451
0.3912
0.6537
0.9289
1.2265
1.5478
1.8784
22177

2.5674

SPI4ATT

CTNet

0.0663
0.1685

.2678
0.3625
0.4506
0.5296
0.5957
0.6523
0.6933
0.7052
0.7129
0.7185

0.0150
0.1263
0.2341
0.3358
0.4300
0.5148
0.5859
0.6451
0.6866

0.7122

0.0896
0.2003
0.3150
0.4150
0.5064
0.5816
0.6415
0.6338
0.7085

0.0610
0.1361
0.3024
0.4008
0.5053
0.5828
0.6423
0.b0839
0.7053
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J
2.0

2.2

ZOA

Cp

0.1249
0.2331
0.357y
0.4692
0.5902
0.7124
0.8361
0.9621
1.0913
1.2239
1.3608
1.5037
1.6486
1.7924
1.9398

0.0616
0.1896
0.3208
0.4547
0.5917
0.7308
0.8705
1.0119
1.1558
1.3034
1.4549
1.6121
1.7751
1.9350

0.1553
0.3047
0.4582
0.6109
0.7682
0.9259
1.0846
1.2456
1.4103
1.5791
1.7553
1.9344

10 SLADED PROP-PAN PERFORMANCE

TABLE I (Cont)

cTNet

0.0426
0.0968
0.1498
0.2019
0.2517
0.2997
0.3462
0.3911
0.4338
0.4740
0.5114
0.%459
0.5765
0.6024
0.6265

0.0069
0.0652
0.1221
0.1778
0.2318
0.2827
0.3319
0.3793
0.4246
0.4669
0.50066
0.5426
0.5755
0.6021

0.0433
0.1038
0.1629
0.2205
0.2741
0.3259
0.3756
0.42131
0.4675
0.5089
0.5463
0.5800

<€ 0.55 MACH NUMBER

J
2.6

208

3.0

3.2

Cp

0.1414
0.3106
0.4823
0.6559
0.8327
1.0099
1.1879
1.3683
1.5520
1.7401
1.9341
2.1356

0.1356
0.3463
0.5394
0.7342
0.9323
1.1307
1.3298
1.5310
1.7363
1.9462
2,.1626
2.3866

0.2062
0.4199
0.6363
0.8541
1.0752
1.2961
1.5182
1.7427
1.9716
2.2061

0.3016
0.5403
0.7812
1.0244
1.2697
1.5151
1.7618
2.0120
2.2674

cTNet

0.0319
0.0959
0.1581
0.2184
0.2748
0.3288
0.3806
0.4299
0.4759
0.5183
0.5564
0.5905

0.0319
0.0990
0.1640
0.2266
0.2850
0.3411
0.3946
0.4452
0.4920
0.5349
0.5728
0.6061

0.0439
0.1135
0.1808
0.2453
0.3051
0.3626
8.4173
0.4685
0.5155
0.5579

0.0677
0.1393
0.2082
0.2736
0.3347
0.3931
0.4482
0.4992
0.5452

SP14ATT
Revision A
2/28/78
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2.0

2.2

2.6

S

0.3315
0.6497

0.7716

0.8969
1.0250
1.1566
1.2902
1.4260
1.5640
1.7039
1.7638
0.3923
0.5199
0.6512
0.7860
0.9240
1.0650
1.2090
1.3555
1.5045
1.€558
1.8090

0.3539
0.5265
0.6728
0.8227
0.9759
1.1322
1,2916
1.4537
1.6182
1.7851

0.2408
0.3964
0.5561
0.7197
0.8869
1.0575
1.2313
1.4081
1.5877
1.7701

TABLE II

10 BLADED PROP-FAN PERFORMANCE

C
Thet

0.2317
0.279%
0.3258
0.3713
0.4156
0.4587
0.5000
0.5406
0.5792
0.6154
0.5820

- 01539

0.2071
0.2580
0.3067
0.3541
0.4005
0.4054
0.4886
0.5301
0.7516
0.6089

0.1360
0.1917
0.2456
0.2970
0. 3466
0.3949
0.4419
0.4869
0.5301
0.5729

0.0674
0.1278
0.1863
0.2428

. 2967
0.3484
0.3987
0.4475
0.4942
0.5389

0.55 MACH NUMBER

“Net

0.872
0.860
0.854
0.828
0.811
0.792
0.775
0.759
0.740
0.722
0.660
0.864
0.876
0.872
0.859
0.844
0.827
0.810
0.793
0.775
0.759
0.740

0.851
0.874
0.876
0.867
0.853
0.837
0.821
0.804
0.786
0.771

[+ -]
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10

2.8

3.0

3.4

Cp

0.2617
0.4364
0.6152
0.7980
0. 9846
1.1745
1.3678
1.5642
1.7638
1.9670

0.3151
0.5109
0.7109%
0.9149
1.1226
1.3340
1.5489
1.7672
1.9896
2.2139

0.1943
0.4086
0.6281
0.8513
1.0787
1.3100
1.5451
1.7837
2.0255
2.2704
2.5177

0.3116
0.5510
0.7951
1.0435
1.2963

CrNee

0.0669
0.1300
0.1909
0.2496
0. 3057
0.3594
0.4115
0.4620
0.5101
0.5564

0.0772
0.1427
0.2055
0.2661
0.3240
0.3795
0.4333
0.4851
0.5345
0.5816

0.0291
0.0983
0.1661
0.4203
0.2926
0.3518
0.4090
0.4642
0.5165
0.5663
0.6148

0.0592
0.1304
0.199%
0.2648
0.3290
0.3883
0.4470
0.5031
0.5551
0.6050

SP14ATT

Revision A
2/28/78
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2.2

2.6

2.8

G

0.5330
0.6682
0.8072
0.9494
1.0949
1.2434
1.3946
1.5482
1.7041
1.8621

0.3910
0.5366
0.6862
0.8396
0.9965
1.1565
1.2198
1.4856
1.6541
1.8249

U, 2441
0.4024
0.5649
0.73158
0.9018
1.0757
1.2529
1,4331
1.6163
1.8022

0.2648
0.4422
0.6238
0.8096
0.9991
1.1923
1.3897
1.5897
1, 7927
1.9987

TABLE III

10_ BLADED PROP-FAN PERFORMANCE

cTNet

0.2122
0.2642
0.3140
0.2424
0.4097
0.4555
0.4994
0.5416
0.5834
0.6215

0.1389
0.1955
0.2504
0.3025
0.3530
0.4022
0.4498
0.4953
0.5390
0.5827

0.0686
0.1300
0.1893
0.2467
0.3012
0 °837
Oo QUA7
0.4540
0.5013
0.5465

0.0680
0.1320
0.1936
0.2531
0.3098
0. 3642
0.,4172
0,4683
0.5168
0.5632

0.60 MACH NUMBER

N Net

0.876
0.870
0.856
0.840
0.823
0.806
0.788
0.770
0.753
0.734

0.853
0.874
0.876
0.865
0.850
0.835
0.818
0.800
0.783
0.766

0.731
0.841
0.871
0.877
0.868
0.855
0.840
0.823
0.806
0.788

0.719
0.836
0.869
0.875
c.868
0.855
0.841
0.424
0.807
0.789

11

J
3.0

3.2

3.4

3.6

S

0.3191
0.5177

. 0.7207

0.9278
1.1388
1.2535
1.5718
1.7936
2.0185
2.2463

0.1965
0.4137
0.6355
0.8618
1.0923
1.3269
1.5654
1.8075
2.0532
2.3016
2.5526

0.3146
0.5571
0.8043
1.0560
1.3122
1,572¢
1.8365
2.1050
2.3755
2.6488

0.2232
0.4879
0.7578
1.0325
1.3118
1.5955
1.8831
2.1755
2.4698
2.7671

CTNet

0.0784
0.1448
0.2084
0.2697
0.3282
0.3844
0.4389
0.4909
0.5406
0.5881

0.0277
0.0977
0.1682
0.2331
0.2960
0.13559
0.4132
0.4695
0.5222
0.5724
0.6216

0.0600
0.1320
0.2018
0.2678
0.32326
0.3925
0.4578
0.5085
0.5609
0.6113

0.0253
0.1009
0.1745
0.2448
0.3128
0.3762
0.4387
0.4981
0.5535
0.6060

SP14A7TY

n Net

0.737
0.839
0.867
0.872
0.865
0.852
0.838
0.821
0.803
0.786

0.483
0.772
0.847
0.866
0.868
0.858
0.846
0.831
0.814
0.796
0.779

0.648
0.806
£.853
0.862
0.860
0.850
0.837
0.821
0.803
0.785

0.408
0.744
0.829
0.853
©.856
0.850
0.839
0.824
0.807
0.788
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2.4

2.6

2.8

3.0

p

0.4014
0.5518
0.7064
0.8651
1.0275
1.1932
1.3621
1.5339
1.7082
1.8851

0.2488
0.4110
0.5777
0.7487
0.9237
1.1032
1.2854
1.4706
1.6591
1.8502
2.0441

0.2633
0.4507
0.6363
0.8262
1.0201
1.2177
1.4188
1.6233
1.8309
2.0417

0.3238
0.5260
0.7328
0.9438
1.1589
1.3777
1.6004
1.8265
2.0564
2.2886

TABLE 1V

10 BLADED PROP-FAN Pl ZPMANCE

crﬂet

0.1430
0.2012
0.2572
0.3106
0.3623
0.4128
0.4613
0.5078
0.5523
0.5966

0.0703
0.1333
0.1937
9.2522
0.2522
0.3616
0.4137
0.4636
0.5117
0.5576
0.6033

0.0696
0.1350
0.1975
0.2581
0.3157
0.3710
0.4247
0.4762
0.5254
0.5724

) * e e+ o
S lowtoty — O

QO OOCOO0CODOOoOO
. B
[V V]

DB S« B ST - VS RN B e e ]

PP OWLO W — 30
A e NN E R S o IRV I SV +]

0.65 MACH NUMBER

N Net

0.856
0.875
0.874
0.862
0.847
0.830
0.813
0.794
0.777
0.759

0.7%?
0.844
0.872
0.876
0.876
0.852
0.837
0.820
C.802
0.784
0.767

0.723
0.839
0.869
0.875
0.867
0.853
0.838
0.821
0.804
0.786

0.740
0.841
0.367
0.871
0.863
0.850
0.836
0.318
0.800
0.783

3.4

3.6

3.8

Cp
0.1988
0.4195
0. 6449
0.8750
1.1094
1.3481
1.5907
1.8370
2.0875
2.3404

0.3184
0.5644
0.8154
1.0711
1.3312
1.5956
1.8639
2.1369
2.4119

.2285
0.4940
0.7684
1.0472
1.3308
1.6188
1.9108
2.2064
2.5053

0.4369
0.7353
1.0389
1.3475
1.6608
1,9781

- o

2.9512
3.2811

cTNet

0.0303
0.1014%
0.1708
0.2367

0.5676

0.0258
0.1024
0.1770
0.2481

0.0765
0.154
.2298
0.3002
0.3687
0.4346
0.4966
0.5563
0.6111
0.665+

SPI4ATT
Revision A
o/28/78
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(2]
[ ]

2.8

3.0

3.2

Cp

L4236
.5966
L1743
. 9560
L1418
.3312
.5250
. 7209
.9198
.1213

NHEPHER,R,O00O0

.2738
.4623
.6536
.8496
.0497
.2538
.4615
.6728
.8871
.1046

N ~,O0000

.3305
.5378
.7499
.9668
2877
k126
6414
.8737
.1094
.3485

R, O00O0

.2019
L4274
.6581
.8933
.1333
.3776
.6260
.8783
.1339
. 3936

R H P, O0000

[« NoNeNoNeNoNoNoNoNeol
e = e ® s ® e & & s

OO0 OO0 O0OO0O0O0

[eN=NeNoNoNoRoNoNe N
6 s e t e & s e e

COOOO0OO0CO0OO0O0O0O0

10 BLADED PROP-FAN PERFORMANCE

Owvesan of

Yetivowams «

TABLE V

0.70 MACH NUMBER

n Net

0.847
0.872
0.874
.863
.848
.832
.814
.795
177
.759

OO O000O0

.729
.862
.869
.873
.864
.850
.834
.817
.798
.781

[eRoNoNoNeNoNoRoNoN e

.745
.843
.867
871
861
.847
.832
314
.7%6

.778

OCOOCOO0O0OO0O00O0

.495
777
.849
.865
.865
.855
.841
.826
.307
.789

el oReNolaloNoNoNole)

13

3.4

3.6

3.8

4.0

NI —~000 NPRNIIHEFH M- OO0

WP PP OO0

W2 =IO 0

Cp

.3236
.5745
.8396
.0915
.3572
.6272
.9012
.1788
.4607
L7442

.2288
.5020
.7807
.0647
.3535
.6481
.5458

LY

cmts Lk

.5517
.8592

L4436
<7470
.0559
.3699
.6887
.0117
.3385
.6689
.0022

L4010
.7309
.0665
074
.7531
.1032
L4573
.8153
L1758

(g]

OC O 0O000O0OO OCOOO0O0OOCOO0OO00 COOODOOOCOOO

[oNoNoRoNeoRoNo oo

“Net

0623
.1367
.2085
.2765
L3429
.4059
L4653
.3226
K743
.6288

. 0265
L1043
.1801
.2521
.3219
.3871
L4501
L3147
.5627
.6213

L0779
<1522
.2335
.3064
L3743
AR
.5047
.5638
.6186

L0572
.1400
L2196
.2945
.3676
.4358
.5030
.5643
.6210

3

leNeNoNoNeNoNoNo N OCODOOO0OO0OO0O0OO [eNeNoNeoNaoNoNoNoloNa

[sYoloNoRoNoNe No e

SP14A7TT
Revision A
2/28/78

Net

.653
.809
.853
.861
.857
845
.832
.815
.296
779

L416
.74

.830
.853
.854
.847
.836
.R20
.801
.783

608
.800
.840
.846
L8434
834
.320
.803
.783

.571
.766
.823
.837
.837
.330
.818
.802
.82
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J

4.2

Cp

0.378s
C.7366
1.1007
1.4702
1.8446
2.2236
2.6067
2.9939

Tetrewcwoues -

TABLE V (Cont)
10 BLADED PROP-FAN PERFORMANCE

cTNet

0.0423
0.1285
0.2109
0.2893
J.3652
0.4357
0.50.5
0.5686

0.70 MACH NUMBER

MNet

0.470
0.733
0.805
0.826
2.829
0.824
0.813
0.798

14

SPI4ATT
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3.0

3.2

Cp

0.2845
0.4788
0.6785
0.8831
1.0924
1.3059
1.5233
1.7443
1.9687
2.1%62

0.3400
0.5549
0.7750
1.0000
1.2295
1.4632
1.7010
1.9424
2.1871

0.4389
0.6768
0.9198
1.1677
1.4202
1.6770
1.9377
2.2019

0.3307
0.5885
0.8517
1.1203
1.3936
1.6715
1.9535
2.2391
2.5292
2.8208

TABLE VI

10 BLADED PROP-FAN PERFORMANCE

cTNec

0.0750
0.1444
0.2107
0.2748
0.3354
0.3938
0.4506
0.5042
0.5554
0.6057

0.0851
0.1653
0.2240
0.289
0.3514
0.4110
0.4689
0.5231
0.5749

0.1071
0.1797
0.2485
0.3148
0.3779
0.4378
0.4970
0.5515

0.0642
0.1404
0.2136
0.2833
0.3511
0.4143
0.4759
0.5335
0.5884
0.6418

0.75 MACH NUMBER

nNet

0.738
0.845
0.869
0.871
0.860
0.845
0.828
0.809
0.790
0.773

0.751
0.845
0.867
0.868
0.857
0.843
0.827
0.808
0.789

0.781
0.850
0.864
0.863
0.851
0.837
0.820
0.801

0.660
0.511
0.853
0.860
0.854
0.843
0.828
0.810
0.791
0.774
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J
3.6

3.8

4.0

Cp

0.2329
0.5428
0.7985
1.0898
1.3861
1.6872
1.5940
2.3032
2.6157
2.9312

0.4523
0.7626
1.0787
1.4002
1.7266
2.0573
2.3920
2.7303
3.0715

0.4085
0.7453
1.0881
1.4365
1.7898
2.1477
2.5097
2.8755
3.2440
0.3853
0.7375
1.1219
1.4990
1.8812
2.2681
2.6591
3.0542
3.4518

CTNet

0.0274
0.1070
0.1844
0.2577
0.3276
0.3951
0.4593
0.5218
0.5783
0.6335

0.0799
0.1607
0.2382
0.3124
0.3818
0.4496
0.5138
0.5233
0.6295

0.0586
0.1429

COOOOOOOOOOOCO
« e v e e e e « e e«
[
=
&

O

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

OO0 OCOO0OO0OO0O00O0O

SP14A77

Net

.423
.751
.831
.851
-852
.844
.832
.815
.796
.779

.672
.801
.839
.845
.841
-831
.816
.798
.779

.575
.767
.823
.835
.835
.827
.815
.797
.778
474
736
.804
.825
.826
.821
.811
.793

-y

ol i
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0.3861
0.7816
1.1834
1.5911
2.0040
2.4217
2.8433
3.2699
3.6985

Cryet

0.0345
0.1251
0.2115
0.2490
0.3720
0.4485
0.5189
0.5851
0.6454

nNet

0.394
0.703
0.786
0.813
0.817
0.813
0.803
0.787
0.768

TABLE VI (Cont)
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2.8

3‘0

3.2

3.4

Cp

0.2943
0.4988
0.7093
0.9254
1.1469
1.3728
1.6031
1.8377
2.0755
2.3167

0.1324
0.3509
0.5757
0.8062
1.0421
1.2831
1.5287
1.7787
2.0325
2.2899

0.2108
0.4526
0.7004
0.93538
1.2126
1.4764
1.7448
2.0172
2.2936
2.5743

. 3397
.6072
. 8806
.1597
L4440
.7332
.0267

. 3241
.6262

.9295

NN O 00

-~

TABLE VII

10 BLADED PROP-FAN PERFORMANCE

cTNet

0.0782
0.1506
0.2197
0.2861
0.3491
0.4098
0.4683
0.5238
0.5765
0.6282

0.0132
0.0886
0.1626
0.2327
0.3002
0.3643
0.4260
0.4853
0.5411
0.5954

0.0338
0.1111

0.80 MACH NUMBER

nNet

0.744
0.845
0.867
0.866
0.852
0.836
0.818
0.798
0.779
0.759

0.299
0.757
0.847
0.866
0.864
0.852
0.836
0.818
0.799
0.780

OO0 QOO0O0OO0O0O
w
w
—

17

3.6

3.

&

8

Cp

0.2382
0.5276
0.8233
1.1248
1.4318
1.7439
2.0620
2.3826
2.7065

0.4624
0.7844
1.1107
1.4427
1.7800
2.1217
2.4675
2.8169
3.1693

0.4186
0.7652
1.1182
1.4771
1.8411
2.2099
2.5834
2.9599

cTNet

0.0235
0.1105
0.1901
0.2655
0.3372
0.4062
0.4731
0.5324
0.5931

0.0824
0.1654
0.2448
0.3208
0.3917
0.4616
0.5265
0.5863
0.6447

0.0605
0.1469
0.2297
0.3075
0.3821
0.4546
0.5214
0.5849

SP14A77

" Net

0.430
0.754
0.831
0.849
0.849
0.840
0.826
0.809
0.789

0.675
0.801
0.838
0.842
0.838
0.826
0.811
0.791
0.774

0.578
0.768
0.822
0.832
0.832
0.823
0.810
0.790
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TABLE VIII
SLIPSTREAM CHARACTERISTICS

J Cp ¢ av/v J G ¢ av/v
0.4 0.2 24,40  0.1132 1.4 0.2  3.50  0.0180
0.4  30.95  0.1223 0.4  6.10  0.0336
0.6  33.50  0.1245 0.6  8.23  0.0474
0.8  35.50  0.1240 0.8 10.10  0.0585
1.0 37.15  o0.1228 1.0 11.70  0.0670
1.2 38.40  0.1210 1.2 13.18  0.0732
l.4 14,50  0.0786
0.6 0.2 16.10  0.0852 1.6 15.70  0.0834
0.4  21.30  0.1030 1.8 16.70  0.8800
0.6 26,90  0.1131
0.8  27.20  0.1181 1.6 0.2  2.53  0.0143
1.0 29.10 0.1212 0.4  4.73  0.0268
1.2 30.70  0.1233 0.6 6.53  0.038
1.4 32,00 0.1245 0.8  8.20  0.0485
1.6  33.10 0.1251 1.0 9.62  0.0569
1.2 10.98  0.0637
0.8 0.2 10.00  0.0595 1.4 12.22  0.0689
0.4  15.30  0.0813 1.6 13.40  0.0736
0.6  18.55  0.0950 1.8 14.45  0.0779
0.8  20.80  0.1030 2.0 15.40  0.0820
1.0 22.75  0.1085
1.2 26,50  0.1129 1.8 0.2 2.03  0.0l16
1.4 26.00  0.1160 0.4  3.83  0.0228
1.6  27.15  0.1185 0.6  5.36  0.0330
0.8 6.77  0.0419
1.0 0.2 6.40  0.0360 1.0 8.10  0.0490
0.4  10.70  0.0605 1.2 9.33  0.0550
0.6  13.75  0.0772 1.4 10.50  0.0603
0.8 16.10  0.0867 1.6 11.60  0.0650
1.0 18,10  0.0933 1.8 12.57  0.0695
1.2 19.80  0.0988 2.0 13.52  0.0733
1.6 21.20  0.1032
1.6 22,40  0.1070 2,0 0.2 1.70  0.0l02
1.8  24.35  0.1099 0.4  3.15  0.0193
0.6  4.50  0.0280
1.2 0.2 4.70  0.0240 0.8 5.78  0.0360
0.4 7.93  0.0435 1.0 6.97  0.0431
0.6  10.55  0.059% 1.2 8.05  0.049
0.8 12,55  0.0701 1.4 9.13  0.054”
1.0  14.30  0.0781 1.6 10.10  0.0593
1.2 15.90  0.0850 1.8 11.02  0.0638
1.4 17.40  0.0904 2.0 11.90  0.0678
1.6  18.60  0.0952 2.2 12.65  0.0715
1.8  19.74  0.0995

18
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TABLE VIII (Cont)

J ¢ ¢ Av/v J % ¢ Av/vV
2.2 0.2 1.40 0.0092 3.0 0.2 0.75 0.0059
0.4 2.70 0.0170 0.4 1.50 0.0105

0.6 3.90 0.0243 0.6 2.25 0.0152

0.8 4,98 0.0310 0.8 3.00 0.0199

1.0 6.02 - 0,0375 1.0 3.75 0.0241

1.2 7.03 0.0432 1.2 4.50 0.0282

1.4 8.00 0.0482 1.4 5.25 0.0325

1.6 8.92 0.0530 1.6 6.00 0.0369

1.8 9.82 0.0573 1.8 6.75 0.0410

2.0 10.69 0.0615 2.0 7.50 0.0449

2.2 11.48 0.0655 2.2 8.25 0.0438

2.4 0.2 1.22 0.0082 3.2 0.2 0.70 0.0052
0.4 2.30 0.C145 0.4 1.40 0.0095

0.6 3.32 0.0205 0.6 2.09 0.0140

0.8 4.30 0.0263 0.8 2.78 0.0185

1.0 5.28 0.0319 1.0 3.48 0.0227

1.2 6.23 0.0372 1.2 4.18 0.0265

1.4 7.13 0.0425 1.4 4.87 0.0302

1.6 8.00 0.0473 1.6 5.57 0.0342

1.8 8.83 0.0520 1.8 6.26 0.6279

2.0 9.60 0.0563 2.0 6.96 0.0418

2.2 10.32 0.0602 2.2 7.66 0.0455

2.6 0.2 1.03 0.0072 3.4 0.2 0.65 0.0045
0.4 2.00 0.0122 0.4 1.30 0.00638

0.6 2.90 0.0182 0.6 1.96 0.0129

0.8 3.78 0.0237 0.8 2,61 0.0169

1.0 4.63 0.0289 1.0 3.26 0.0209

1.2 5.50 0.0338 1.2 2.91 0.0245

1.4 6.35 0.0385 1.4 4,56 0.0282

1.6 7.20 0.0433 1.6 5.22 0.0319

1.8 8.03 0.0478 1.8 5.87 0.0352

2.0 8.80 0.0523 2.0 6.52 0.0388

2.2 9.50 0.0568 2.2 7.17 0.042y

2.8 0." 0.83 0.0066 3.6 0.2 0.60 0.0040
0.’ 1.66 0.0115 0.4 1.20 0.0078

0.6 2.50 0.0168 0.6 1.80 0.0118

0.8 3.33 0.0219 0.8 2.40 0.0158

1.0 4.16 0.0257 1.0 3.00 0.0192

1.2 4.99 0.0312 1.2 3.60 0.0225

1.4 5.82 0.0359 1.4 4,20 0.0258

1.6 6.66 0.0402 1.6 4.80 0.0292

1.8 7.49 0.0445 1.8 5.40 0.0323

2.0 8.32 0.0488 2.0 6.00 0.0355

2.2 9.15 0.0531 2.2 6.60 0.0387
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TABLE VIIT (Cont)

J Cp ¢ av/v
3.8 0.2 0.56 0.0033
0.4 k.12 0.0068
0.6 L.68 0.0103
0.8 2.2 0.0137
1.0 2.80 0.0170
1.2 3.36 0.0200
L.4 3.92 0.0232
1.6 4,48 0.0263
1.8 5.04 0.0292
2.0 5.60 0.0320
2.2 6.16 0.0345
4.2 0.2 0.46 0.0028
0.4 0.93 0.0062
0.6 1.39 0.0095
0.8 1.86 0.0125
1.0 2.32 0.0155
1.2 2,78 0.0182
1.4 3.25 0.0210
1.6 3.71 0.0238
1.8 4,18 0.0263
2.0 4.64 0.0285
2.2 5.10 0.0308
4.6 0.2 0.40 0.0026
0.4 0.79 0.0052
0.6 1.19 0.0080
0.8 1.58 0.0108
1.0 1.98 .0132
1.2 2,38 0.0155
1.4 2,77 0.0182
1.6 3.17 0.0203
1.8 3.56 0.0223
2.0 3.96 0.0243
2.2 4.36 0.0262
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Fewowans.

PROP-FAN NEAR-FIELD NOISE ESTIMATION AT CRUISE

The attached moise generalization is for six, eight, and tem-bladed Prop-Fans.

It allows estimation of free field overall noige level amd spectrum level at
near-fiald locations where an aircraft fusalage would be located. Noise

can be estimated at forward speeds of 0.7 to 0.8 Mach mwmber, tip speeds from 600
to 800 fr/sec (183 to 244 m/sec) at cruise altitudes from 30,000 to 45,000

feet (9144 to 13716 m). The levels fore and aft of the peak noise location

near the plane of rotation are presented for tip clearances (the distance from
the fuselage to the propeller tip) from 0.2 to 0.8 propaller diameters.

The near-field noise prediction procedure is based om calculations made with the
theoretical Prop-Fan prediction procedure developed by Hamiltom Standard. The
computer results have been generaliaed for an advanced Prop-Fam comfiguration

to indicate the level of noise expected for a fully develeoped Prep-Fan.

Near-field noise generated by a Prop-Fan may be estimated as fellows:

1. 7Zor the design rotatfonal tip speed and cruise Mach aumber, determine
the efficiency.7z , from the Prop-Fan performance proeedure.

2. Determine the maximum sidelipe overall scund pressure level at 0.8 diameters
from the Prop-Fan tip, from Figure 1 for a six-blade fen, Figure 2 for an
eight-blade fan or Figure 3 for a ten-blade fan.

3. If the altitude differs from 30,000 feet (9144) the altituwde eorrection
from Figure 4 should be added to the base level from Figures 1, 2, or 3.

4. If the noise at a measurement point fore and aft of the peak, or a tip
clearance of other than 0.8 diameter is to be estimaced, add the partial

levels from Figures 5, 6, or 7 to th2 base levels from Figures 1, 2, or 3.

These figures were derived from calculations at 0.7 Mach number cruise at 35,000
feet (10,668 m) altitude but may be applied for any other cruise condition.

5. The spectrum level relative to the overall levels determined by the above
steps 1s found in Figure 8. This figure was derived frow ealculatiors at 0.7
Mach number cruise at 35,000 foot (10,668 m) altitwde but may be applied for
any other cruise condition.
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SAMPLE ESTIMATE OF PROP-FAN NEAR-FIELD NOISE

To assist those using the Prop-Fam near-field noise gemsralisstion, the follow-
ing sample caleulation is provided:

. Efficdency: 0.83 (from the Prop-Fan performance procedure)
. Tip Speed: 800 ft/sec (244 m/gec)

. Cruise Mach Numbaer: 0.8

. Tip Clearance: 0.4 Diamecer

. Fore amd Aft Location: 0.5 Diameter Forward

. Altitude: 35,000 Seet (10,668 m)

. Number of Blades: Ten

Step 1: For an effieiency of 0.83, a tip spead of 800 ft/eec (244 m/sec),
a cruise Mach number of 0.8, and ten blades in the fan; Figure 3 indicates
that the peak sideline overall sound pressure level is 135.0 dB.

Step 2: Since the operating altitude is 35,000 ft (10,668 m) the noise leval
of Step 1 is reduced by 4 dB en tha basis ef Figure 4.

Btep 3: For a tip clearance of 0.4 diameter and a fore snd aft distance of
0.5 diameter forward for a tea-blade ian; Figure 7 indicates that the lavel
in Step 1 is reduced by 2 1 dB.

Step 4: The overall sound pressure level is the sum of the partial levels of
Steps 1, 2, and 3; 135 - 2 - 21 = 112.0 dB.

Step 5: For a tip speed of 800 ft/sec (244 m/sec) the spectrum level corrac-
tionsfrem Figure 8 are:

Lavel Relative to Sound Pressure Leval
Overall Sound of Blade Passage
Pressure Level Freguency Harmonics
Blade Passage Frequency -1.5 dB 110.5 dB
(BPF)
2X BPF -8.5 103.5
3X BPF ~15.5 96.5
4Xe BPF =20 92
5X BPF -22 90
6X BPF =23 89
7X BPF =23 39
8X BPF -23.5 88.5
9X BPF
1uX BPF
11X BPF i
12X BPF j
13X BPF L
14X BPF
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Prop-Fan Gearbox Noise Estimation

The attached noise genmeralization allows estimation of the uninstalled gear-
box noise (i.e. without additional attenuation from enclosing nacelles)
associated with a Prop-Fan Propulsion System. This procedure is derived
from a procedure developed by Hamilton Standard and published in FAA

report FAA-RD-76-49, II, entitled V/STOL Rotary Propulsion Systems Noise
Prediction and Reduction. The absolute accuracy of the method has not

been established by correlation studies with test data since there is

little test data available on installed gearboxes. However, the method
should be adequate for preliminary design studies of Prop-Fan systems.

The noise generated by gearboxes used in Prop-Fan aircraft propulsion
systems may be estimated using the procedure presented below.

The required information includes:

l. Power transmitted per stage.
2. The input or output gear rate of revolution and number of teeth.

The noise estimate is made by computing a 1/3 octave band spectrum of the
noise for each stage, then summing the spectra logarithmically.

The noise spectrum from one gearbox stage may be estimated as follows:
Step 1. Obtain the overall Sound Pressure Level from the following
equation based on transmitted horsepower, distance from

gearbox to measurement location and ambient conditioms.

SPL = 18 log10 HP - 20 logijo R + 10 logjg P = 5 logyg T + K

where: SPL = Sound Pressure Level, dB re 20 uPa
HP = Transmitted power
R = Source-to-observer distance
P = The ambient pressure
T = The ambient iLemperature
K = 67.4 for units in horsepower, feet, psia, and °R

. 19.9 for units in KW, meters, N/mZ, and °K
Step 2. Calculate the tooth contact frequemcy, fT., from:
fro = RPS x N

where RPS x N is the revolution/sec x no. of
teeth of either input or output gear

Step 3. Calculate the reference frequency as the center frequency
of the 1/3 octave band containing the tooth contact
frequency, f1.. Obtain the spectrum correction, from
Figure 9. The short vertical lines just above the

11
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horizontal axis indicates 1/3 octave band frequency above
and below that containing the tooth contact frequency (at
a frequency ratio of 1).

Step 4. The algebraic sum of the Overall Sound Pressure Level from
Step 1 and the spectrum correction from figure Q gives the
gearbox 1/3 octave band Sound Pressure Levels.

Step 5. If the gearbox has more than one stage repeat the sh™ove

steps for each stage and sum the noise contributions of
the stages logarithmically.

Sarple Estimate of Gearbox Noise

To assist those using the Prop-Fan Gearbox Near Field Noise Generalization
the following sample calculation is provided:

1990 — 07T
R
|— OVPUT Distance= 1.2D + .8D =1.3D
—-- (re PFM) = 1.3x11 ft =14.3 ft (4.36m)
At 35,000 ft (10,668m) altitude:
P= 3,47 PSIA (23,923 N/m2)

-
1.._.;Lz‘_'."" T= 3949R (234°K)

%’lzs

& s (o S,
4870 <
(3408 «w)

Since the load is shared by the two intermediate stages, they will be con-
sidered a3 two independent stages transmitting one half the power. Thus:

Step 1.
SPL = 18 1og10?‘5_2°} -20 logyg (14.3) + 10 logjq (3.47)=5 logyg (394) + 67.4
- 97 dB
oR SPL = 18 1ogmg#°8§ -20 logyg (4.36) + 10 log)q (23923) -5 logjg (234)+ 19.9
- 97 dB

12
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Since there are two parallel stages, the SPL will be 3 dB
higher, or 100 dB per reduction stage.

Step 2. 1st stage fr. = 159.08 x 35 / 60 = 5568 Hz
2nd stage ch = 19.90 x 107 / 60 = 2129 Hz

Step 3. The first stage i, is in the 5000 Hz band and the second
stage f7. is in the 2000 Hz band.

Step 4.& 5. Using figure Q the spectra for the two stages are thus:

1/3 Octave Band  SPLj SPL, Total
630 Hz 70dB 70 dB
800 72 72

1000 74 74
1250 75 75
1600 70dB 82 82
2000 72 95 95
2500 74 90 90
3150 75 83 84
4000 82 95 95
5000 95 85 95
6300 90 86 92
8000 83 88 89
10000 95 75 95

13
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PROP-FAN FAR-FIELD NOISE ESTIMATION AT TAKE-OFF AND L[ANDING

The sttached noise generalizatien is for six, eight and tem-bladed Prop-Fanms.
It allows estimation of the maximum flyover or sideline Perceived Noise Level
for landing and take-off condigtions. The procedure does not include core
engine noise. For e complete gystem ngise astimate, it is recommended that
the core engine noise obtainable from engin: manufacturers be included.

The far-field generalization {s based em past. experience with cenventional
propellars and incerporates imprevements te account for receat propellers
designed with both lew noise and good perfermance as a requirement. Based
en the available test dat», which includes limited tests of the first two
Prop~Fan designs, it appears that the levels predicted by the attached method
can be achieved. A long range program is now under way to imvegtigate the
mechanisms of noise generation and the possibility for reductioms relative

to the levels predicted by the attached method. The potentfal for reduction
{n far-field noise has been conservatively established at s5pydg. This
reductien will be achieved primarily by reducing low frequency steady loadimg
tone noise and to a lesser extent, controlling higher frequeacy broadband

and unsteady loading noise compomnents.
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FAR-FIELD PROP-FAN NOISE LEVEL AT TAKE-OFF AND LANDING

Far-field noise generated dy a Prop-Fan may be estimated as follows:

1. Determime the retatioral tip Mach mumber by caiculatlon or from Figures
1 and 2.

3. Obrtain FL1 from Figure 3. This is a partial level based on the power imput
to the propeller and its rotational tip Mach aumber.

3. Omkain the distance correction FL2 from Figure 4. Note that on cake-off
the dissance is that from the measurement location to the aircraft. Thus, for
estimates under the take-off path the vertical distance is used. For the
sldeline certificatiom, the distance may be sgsumed to be distance from the
Turway centerline to the measurement location,

4. The Perceived Noise Level adjustment YL3 is obtained from Figure 5. The
helical tip Mach number is determined in Figures 2 and 6 using the tip speed
(detarmined im Step 1) plus the forward speed of the aircrafc.

5. Apply the following corrections, NC, for number of Prop-Fans:

. One Prop~Fan - add 0

. Two Prop-Tans - add 3

. Three Prop-Fans ~ add 4.8
. Four Prop~Fans - add 6.

é. The maximum Perceived Noise Level i» the sum of FL1, FL2, FL3, and NC.

”~

7. To estimate Effective Perceived Noise Level, subtract 2 dB for take-off
or 4 4B for landing from Perceived Noise Level estimates of Step 6.
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SAMPLE ESTIMATE OF FAR-FIELD NOISE

To assist those using the Prop-Fan far-field noise generalization, the follow-
1ng sample calculation fs provided:

. Diameter: 13.75 feet (4.2 m)
. Power: 14,500 SHP (10,813 kw)
. RPM: 1,042
. Distance: . 1,000 feet (304.8 m)
. Aircraft Speed: 180 knots true (333.5 km/hr)
. Temperature: 75°F at altitude
. Kumber of Prop-Fans: Four
Step 1:
From Figure 1 - tip speed = 750 ft/sec. (228.6 m/sec)
From Figure 2 - Mach number = 0.66.
Step 2:
From Figure 3 - FL1 = 105
Step 3:
From Figure 4 - FL2 = =7
Step 4:
From Figure 6 - Helical Tip Speed = 810 ft/sec (246.9 m/sec)
From Figure 2 - Helical Tip Mach Number = 0.715
From Figure 5 - FL3 » -5
Step 5:
For four Prop-Fans « NC = +6
Step 6:

Perceived Noise Level (FL1 « FLZ + FL3 « NC) = 99 PNdb.
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PROP-FAN WEIGHT ESTIMATION

The attached curves provide weight estimates for a Prop-Faz (high speed turbo-
prop and gearbox system) designed for a 0.8 Mach No. cruise aircraft. The
technology level included is appropriate for Prop-Fan systems expected to be
in-service in the 1985-1990 time period.

The power loading (SHP/D2) term used on the rotor weight curve in Figure 1 is
based on the maximum power delivered to the rotor. The tip speed (TS) that

should be used for rotor weights is that at which the maximum SHP occurs. The
weight curve in Figure 1 is plotted for a tip speed of 800 ft/sec. Rotor weights
for other tip speeds can be obtained by utilizing the conversion formula provided
in the curve notes. Figure 2 shows a curve oui gearbox weight as a function of

the maximum delivered output torque. The c...e is based on s to‘ 31 gear ratio

of 8:1. Gearbox weights for other gear ratios can t- nbtained from the conversion
formula provided on the curve.

The ~urves provide uninstalled rotor and gearbox weight estimates and the major
components included are defined on the curves. An assessment has been made of
the additional components and weight required for a fully installed Prop-Fan
propulsion nacelle package. The additional components included:

» Nacelle cowling and fairings

. Nacelle structure for attachment to wing

. Engine-to-gearbox coupling structure and shaft
. Engine/gearbox mounting to nacelle structure
. Engine air inlet ducting

. Engine exhaust system

. Fire control system

. Cearbox cooling and oil tankage system

. Engine starting system

. Hydraulic system and hydraulic fluid

. Electrical system

. Fuel system

. Pneumatic system

. Engine and Prop-Fan control linkage

it is estimated that the fully installed Prop-Fan propulsion nacelle package
(Prop-Fan rotor and gearbox, turboshaft engine and above listed additional
components) would weigh 1.3 times the sum of the rotor, gearbox and engine
weight. This factor is based on a turboshaft engine weight of 0.167 lbs.
per SHP (0.101 Kg per Kw).
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Sample Weight Calculations:

Rotor:

Diameter, D = 16 ft.

Given:
Max. operating horsepower to (e Prop-Fan = 17,920

2
Calculace: —SH;, - 17,320 ,? = 70
D Qe6)-

Rotor weight from Figure 1 is 2375 pounds or 1080 kilograms.

Gearbox:
Calculate: Max. output torque = 4,125 (SHP)(D)
Torque = (4.125)(17,920)(16) = 1.1827 x 10° in-1bs.

Gearbox weight from Figure 2 is 1450 pounds or 658 kilogrems.
Modifv

The above torque equation is based on a tip speed of 3C0 ft/sec.

Note:
the torque by S8CQ/TS for other tip speeds.

o
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PROP-FAN WEIGHT ESTIMATION

The attached curves provide weight estimates for a Prop-Fan (high speed turbo-
prop and gearbox system) designed for a 0.8 Mach No. cruise aircraft. The
technology level included is appropriate for Prop-Fan systems expected to be
in-gervice in the 1985-1990 time period.

The power loading (SEP/DZ) term used on the rovor weight curve in Figure 1 is
based on the maximum power delivered to the rotor. The tip speed (TS) that

should be used for rotor weights is that at which the maximum SHP occurs. The
weight curve in Figure 1 is plotted for a tip speed of 800 ft/sec. Rotor weights
for other tip speeds can be obtained by utilizing the conversion formula provided
in the curve notes. Figure 2 shows a curve of gearbox weight as a function of

the maximum delivered output torque. The curve is based on a total gear ratio

of 8:1. Gearbox weights “or other gear ratios can be obtained from the conversion
formula provided on the curve,

The curves provide uninstalled rotor and gearbox weight estimates and the major
components included are defined on the curves. An assessment has been made of
the additional componments and weight required for a fully installed Prop-Fan
propulsion nacelle package. The additional components included:

. Nacelle cowling and fairings

. Nacelle structure for attaclment to wing

. Engine-to—gearbox coupling structure and shaft
. Engine/gearbox mounting to nacelle structure
. Engine air inlet ducting

+ Engine exhaust system

. Fire control system

. Gearbox cooling and oil tankage system

. Engine starting system

. Hydraulic syster and hydraulic fluid

. Electrical system

. Fuel system

. Pneumatic system

. Engine and Prop-Fan control linkage

It is est'mated that the lully installed Prop~Fan propulsion nacelle package
(Prop-Fan rotor and gearbox, turboshaft engine and above listed additional
components) would weigh 1.3 times the sum of the rotor, gearbox and engine
weight. This factor is based on a turboshaft engine weight of 0.167 lbs.
per SHP (0.101 Kg per Kw).
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Sample Weight Calculatioms:

Given: Diameter, D = 16 ft.
Max. operating horsepower to the Prop-Fam = 17,920

Calculate: SEP . 17,920 . 79
p? (16)2

Rotor weight from Figure 1 is 2070 pounds or 940 kilograms.
Gearbox:

Calculate: Max. output torque = 4,125 (SHP)(D)
Torque = (4.125)(17,920)(16) = 1.1827 x 10 ia-1bs.
Gearbox weight from Figure 2 is 1450 pounds or 658 kilograms.

Note: The above torque equation is based on a tip speed of 800 ft/sec, Modify
thke torque by 800/TS for other tip speeds.
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GUIDELINES FOR PROP-FAN INSTALLATIONS

It is recommended that the attached instailation guidelines be includad ia
general parametric and prelimiiary design studies of Pron-Fan propulsion sys-
tems. Previous studies have shown that the selection of the most appropriate
Prop-Fan configuration and power loading (SHP/DZ) has to include an assessment
of Prop~Fan diameter and its impzact on the aircraft design.
The following installation guidelines are attached:

. Prop-Fan tip-to-fuselage clearance (Figure 1)

. Prop-Fan tip-to-tip clearance (Figure 1)

. Prcp-Fan tip-to-ground clearance (Figure 1)

. Prop-Fan nacelle aerodynamic shape (Figures 2 and J)

. Minimum Prop-Fan nz-elle length and escimated loads (Figures 4 and )

. Minimum Prop-Fan whirl flutter stiffness (Figures 5 and 6)

. Prop-fan vibration isolation criteria.

-



Symbol

KT

&

Si

LIST OF SYMBOLS

Definition
Diameter of axisymmetric nacelle shape
Prop-Fan diameter
,lade tip-to-fuselage clearance
Minimum blade tip-to-ground clearance

Minimum effective torsional stiffness
of wing/nacelle mount system (pitching)

Distance of effective elastic center
(torsional) of wing/nacelle mount system
from the Prop-Fan plane of rotation

Disrance from the wing 1/4 chord station
to the Prop~Fan plane of rotation

Horizontal (yaw) mo: :nt at the Prop-Fan
plane of rotation

Maximum aircraft Mach number

Number of blades

Vibration sensitivity, iuboard nacelle
Vibration sensitivity, outboard nacelle
Minimum blade tip-to-tip clearance

Vertical force at the Prop-Fan plane of
rotation

Wing leading edge sweep angle
First-order excitation factor

Angle between the wing zero-1lift line
and the Prop=-Fan thrust line

Aircraft gross weight

* §,I. refers to Standard International units

(3]

SP20A77

Units
U.S. S.L.*
fr o
ft m
fr o
fc o
in-~1-s N-m
radian radian
fr ]
fr m
in-lbs N-m
mils DA
mils DA
ft o
lbs N
deg deg
deg deg
lbs Kg
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Formulas for Spacing

_ (6.5)(1073) () (0.3 + Mn)
2

0.05 )
‘r -
¢ - 1.1 (canA)l/?

for AF35°

Recommended F = (0.8)D for acoustic purposes

Minimm F = (0.2)D for acceptable blade excitation loads

Note: The above equations are based on D, F, H and T being in feet
and GW in lbs.
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SENSITIVITY REQUIREMENTS FOR PASSENGER COMFORT

16 0.85 ¢ o 0.5
(542 + 502)0-5 % (0.000472 mils DA) (‘n‘) ( By )

Where S; and S, are vibration sensitivities in mils DA per 1lb. of Prop~Fan
unbalance for inboard and outboard nacelles, respectively. The sensitivities
are measured at the aircraft ceunter of gravity and are established by the
stiffness and isolation of the wing/nacelle structure and the Prop-Fan
mounting. D is in feet.
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Reliability and Maintainability

The reliability and maintainability data package contains information suitable
for use in esticating total values for the Prop-Fan system and gearbox.
Certain terms used in this packag: require definition to assure proper inter-
pretation of their meaning:

. Commercial Enviroument is defined as operational use consisting of
an average duty cycle of 1.25 hours per flight and a monthly
utilization of 250 hours.

. Removal Rate is computed based on all removals including those not
attributable to the hardware such as FOD and improper maintenance.
In the case of the Prop-Fan, a removal is charged if any assembly
or component such as a spinner, blade or pitch change actuater
requires replacement as well as those few cases (less than 1% of
the total) where the entire Prop-Fan assembly is removed. For the
gearbox, all removals are of the entire gearbox module.

The following informatiom is contained in this data package:

. Removal Rates.

Reliability is affected only by the number of blades in the Prop-
Fan configuration. For the gearbox, there is no variation. A
table of values versus number of blades is presented for Prop-Fam.
Values for the gearbox are also provided.

. Direct Maintenance Man Hours per Flight Hour and Parts Cost per
Flight Hour.

(1) Curves are presented for Prop-Fan maintenance manhours per
1000 unit flight hours as a function of Prop-Fan diameter
and number of blades. Bo:h Line and Shop maintenance actions
are included.

(2) A curve is presented for gearbox maintenance manhours per
1000 unit flight hours as a function of gearbox torque. Both
Line and Shop maintenance actions ire included.

(3) A plot indicating the Prop-Fanm parts cost per flight hour
as a function of diameter is presented. The values are for
the case of 8 or 10 blades and a disc loading (SHP/D-) of
75.

(4) A plot of gearbox parts cost per flight hour as a function
of gearbox torque is presented.
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TABLE 1

Prop-Fan and Gearbox
Removal Rate
Commercial Environment

Removal Rate
(Removals /1000 FH)

8 Bladed Prop-Fan 0.356
10 Bladed Prop-Fan 0.364
Gearbox 0.040
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