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INTRODUCTION AND SUMMARY 

The Prup-Fan propulsion concept o f f e r s  the potential  for a s ign i f i can t  in-  
crease i n  fuel efficiency f o r  future transport  a i r c r a f t .  This repor t  was 
prepared t o  ensure that the technical information generated f r o m  recent 
wind tunnel and anechoic chamber tests conducted by Hamilton Standard, and 
the l a t e s t  Prop-Fan designs performed by Hamilton Standard, will provide 
the data required t o  support NASA's on-going contracted studies. 

The report  provides updated parameteric Prop-Fan data packages and the 
ra t iona le  used i n  developing the new Prop-Fan data. The data respresents 
Hamilton Standard's projection of Prop-Fan cha rac t e r i s t i c s  f o r  a i r c r a f t  
t h a t  a r e  expected t o  be in-service i n  the 1985 t o  1990 time frame. 

The basic Prop-Fan configuration is designed f o r  e f f i c i e n t  operation a t  
0.8 Mach number and 35,000 feet (10,668 M) a l t i t ude .  The design blade t i p  
speed fs 800 feet per second (244 mps) and the design power loading is 
37.5 shp/ 2 (301 Kw/M2) f o r  maximum climb power a t  0.8 Mach and 35,000 
feet (10, 8 68M). 

A l l  of the new data a r e  founded on this basic design conffguration. Recent 
s tudies  on advanced t ranspor t  Prop-Fan configurations designed f o r  c ru i se  
operation a t  other than 0.8 Mach number b u t  between 0.7 t o  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 a r e  
optimized f o r  an 0.8 Mach configuration and a re  a l so  representative of 
Prop-Fan performance cha rac t e r i s t i c s  f o r  advanced t ranspor t s  a t  design 
points both below and above 0.8 Mach number. 

The new data packages a re  enclosed a s  Attachments SP 13A77 through SP16A77, 
SPl8A77 through SPZOA77 and SP03A78. The discussions t h a t  follow lnclude 
a description of the new data and the mnner i n  which they were generated. 
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AERODYNAMIC PERFORMANCE 

Recent design trends i n  near- f ie ld source noise reduction and increased 
efficiency have resulted i n  an e ight  blade Prop-Fan conf igurat ion tha t  has 
more sweep and a c t i v i t y  factor  per blade than i t s  predecessor (Model SR-1). 
The ten blade Prop-fan configuration was developed because o f  i t s  improved 
noise. efficiency, and weight character ist ics,  but i t  reta ins the same t o t a l  
ro to r  a c t i v i t y  factor  as the e ight  blade Prop-Fan. 

The performance data shown i n  Attachments SP13A77 and SP14A77 have been up- 
dated t o  r e f l e c t  1) the l a t e s t  performance level  estimates f o r  e ight  and ten 
blade Prop-Fans, 2) data a t  addi t ional  Mach numbers, and 3)  Prop-Fan sl ipstream 
characterist ics. This information provides a means t o  establ ish the aero- 
dynamic e f f i c i enc ies  and sl ipstream character ist ics for  e ight  and ten blade 
Prop-Fans from s t a t i c  operation through operation a t  0.80 Mach number. The 
data are shown i n  the t rad i t i ona l  nondimensional coe f f i c i en t  format, i.e., 
net  t h rus t  coe f f i c i en t  (CTNet) as a function o f  power coe f f i c i en t  (Cp) f o r  
constant values o f  addance r a t i o  (J) .  The tabular f o n  i s  provided t o  
ease computer appl i cation. 

Performance tables are provided f o r  Mach numbers ranging from 0.55 through 0.80 
i n  increments o f  0.05 Mach number plus an addi t ional  tab le f o r  operation below 
0.55 and s t a t i c  performance. Although the 0.55 t o  0.80 Mach number tables 
include a tabulat ion o f  net  ef f ic iency ( p e t ) ,  the user i s  urged t o  employ 
the net  thrust  coe f f i c i en t  ( C T ~ ~ ~ )  f o r  computer inputs t o  s in ip l i fy the i n t e r -  
polat ion processes. 

The performance data contained i n  the packages were generated through 
H a m i l  ton Standard's performance program H444. The projected ef f ic iency 
levels tha t  form the basis o f  the data packages were developed f r o m  the wind 
tunnel tes t  resul ts  on the SR-1 and SR-2 Prop-Fan models, from the predicted 
performance o f  recently designed Prop-Fan models incorporatina an advanced 
alan form shape and from the projected benefits o f  using advanced a i r f o i l  sections. 

A s imp l i f i ed  method developed by the Boeing Company f o r  ca lcu lat ing sl ipstream 
character ist ics revealed good corre la t ion wi th a more sophist icated Hamil ton 
Standard method and wi th  the s w i r l  data developed during Prop-Fan m d e l  wind 
tunnel test ing. The s i w l i f i e d  method (based on the ideal propel ler  
characcerist ics method presented i n  Volume 4, Div is ion L o f  "Airplane 
Propellers" by H. Glavert i n  the Durand "Aerodynamic Theory" series) estimates 
s w i r l  angle and ax ia l  slipstream veloc i ty  d i s t r i bu t i on  as a function o f  blade 
nondirnensional radius. From t h i s  information and the predicted performance 
shown i n  the tables, the average s w i r l  angle (0 )  and the average ax ia l  induced 
ve loc i ty  immediately behind the Prop-Fan rotor,  i n  terms of AVD, have been 
derived. 
are second order ef fects.  
tabulated only as a function o f  power coe f f i c i en t  (Cp)  f o r  spec i f ic  values o f  
advance r a t i o  ( J ) .  

The resul ts suggest that  the number o f  blades and Mach number 
Accordingly, the slipstream Characterist ics a r e  

2 



AERODYNAMIC PERFORMANCE (Continued) 

Sample problems in both English and SI units are provided w i t h  both per- 
formance data packages. 

Slipstream Characteristics 

3 



FAR- AND NEAR-FIELD NOISE 

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

The far-field noise prediction procedure employed herein has been developed 
by Hamilton Standard for propeller noise predictions dur ing  the past ten 
years. I t  has been adopted by the Society of Automotive Engineers as an 
Aerospace Information Report (AIR 1407) and found t o  yield predictions generally 
wi th in  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 nlodel test data and predictions derived using the Prop-Fan far-field 
method. 

The near-field noise general fzation provides fair ly  extensive detail for six, 
eight, and t e n  bladed Prop-Fan configurations. The procedure includes the 
influences of a l t i tude ,  fan t i p  t o  fuselage spacing, and directivity. The 
directivity information Is usefir1 i n  establishing the amount o f  fuselage 
treatment needed to provide uniform interior cabin noise levels near the plane 
of rotation where the directivity is seen t o  peak. 

The influence of spacing between the Prop-Fan t i p  and the fuselage on noise 
lrvelr i s  helpful i n  assessing the trade-off betwaen fuselage acoustic t rea t -  
ment weight  and aircraft structure and control surface weights (i .e., moving the 
nacellr o u t  on the wing reduces noise and treatment w e i g h t  b u t  may require an 
increase i n  ta i l  size t o  meet aircraft control requirements or a wing weight 
change for structural reasons). 

The near-field noise prediction method is  based on the theorrtlcal Prop-Fan 
prdiction procedure developed by Hamilton Standard. Computer resul t r  have 
been generalized to  indicate the level o f  noise expected f o r  a f u l l y  developed 
Prop-Fan. Tests are currently under w a y  t o  confirm the accuracy of the 
theoreti cat prediction procedure. 

TRe Prop-Fan gearbox noise general izatfon provider estimates of the uninstal led 
(i.e., w i t h o u t  addi t ional  attenuation from enclosing nacelles) gearbox noise 
arrociatea u i t h  a Prop-Fan propulsion system. The prrdicticn method is  derived 
from a procedure developed by Ham41tm Standard  and published i n  FAA report  
FAA-RD-76-49, 11, entitled V/STOL Rotary Propulsion Systems M i s e  Prediction 
and Reduction. 
by correTrtion studies w i t h  tes t  data since then  i s  l i t t l e  test  data a v a i l -  
able on Installed gearboxes. 
liminary design studies o f  Prop-Fm systems. 

The absolute accuracy of the method has n o t  been established 

Rowever, the method snould be adequate for pre- 
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FAR- AND NEAR-FIELD NOISE (Continued) 

It should be noted tha t  the near- f ie ld  gearbox noise i n  cruise i s  not expected 
t o  be s ign i f icant  since fuselage sidewall at tentuat ion is large a t  frequencies 
where gearbox noise predominates. Moreover, during takeoff -. and landing, gear- 
box noise i s  generally well  below that  o f  the engine and Prop-Fan and should 
not s i g n i f i c a n t l y  contr ibute t o  perceived noise. Accordingly, the gearbox 
noise predict ion method is presented here to  help complete the noise estimates 
f o r  a Prop-Fan propulsion system. 
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WEIGHTS 

The weight information contained i n  the SP18A77 and SP19A77 packages i s  pro- 
vided t o  help the airframe designer i n  fotmulating a i r c r a f t  weights f o r  pre- 
l iminary design studies. The curves show weight estimates f o r  e igh t  and ten 
blade Prop-Fan ins ta l l a t i ons  (i .e., high-speed r o t o r  and gearbox systems) 
designed f o r  0.80 Mach number cruise a i rc ra f t .  The technology leve l  employed 
i s  appropriate f o r  a Prop-Fan system expected t o  be i a - s e r v i w  i n  the 1985 t o  
19Yd time period. 

The power loading (SHP/D2) term used on the r o t o r  weight curve i n  Figure 1 of 
the packages, i s  based on the maximum power del ivered t o  the ro to r .  This 
w a l l y  occurs during the takeoff r o l l .  The t i p  speed (TS) tha t  should be 
used for r o t o r  weights i s  t ha t  a t  which the maximum power occurs. The weight 
curve i n  Figure 1 i s  p l o t t e d  for a t i p  speed o f  800 f t /sec (244 m/sec). Rotor 
weights for  other t i p  speeds can be obtained by u t i l i z i n g  the conversion 
formula provided i n  the curve notes. 
as a function of the maximum delivered output torque. The curve i s  bared on a 
t o t a l  gear r a t i o  o f  8: l .  
from the conversion formula provided on the curve. 

Figure 2 shows a curve o f  gearbox weight 

Gearbox weights f o r  other gear r a t i o s  can be obtained 

The data provides uninstal led r o t o r  and gearbox weight estimates, including 
the major components defined on the curves. 
Prop-Fan propulsion system i s  estimated t o  be 1.3 times the sum of the 
rotor,  gearbox and engine weight. This factor  i s  based on a turboshaft engine 
weight o f  0.167 pounds per SHP (0.101 kg per W) avd the addi t ional  weight 
contr ibuted by the f o l  lok ing components: 

The weight o f  a f u l l y  i n s t a l l e d  

Nacelle cowling and fa i r i ngs  
Nace; l e  structure f o r  attachment t o  wing 
Engine-to-gearbox coup1 ing  structure and shaft  
Engine/gearbox mounting t o  nacel l e  structure 
Engine a i r  i n l e t  ducting 
Ergine exhaust system 
F i re  control system 
Gearbox cooling and o i l  tankage system 
Engine s ta r t i ng  syc tern 
Hydraul i c system =nd hydreul i c f l u i d  
E lec t r i ca l  system 
Fuel system 
Pneurrati c sys tem 
Engine and Prop- Fan control 1 i nkage. 
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WEIGHTS (Continued) 

The weight project ion i n  the two data packages presented here are a r e s u l t  
of the l a t e s t  Prop-Fan technology development work. Two spec i f i c  technology 
areas have contr ibuted s i g n i f i c a n t l y  t o  t h i s  worn. F i rs t ,  the r o t o r  weights 
tnkr i n t o  account the projected blade planform shapes from recent aerodynamic 
and acoustic design work; second, the r o t o r  weights r e f l e c t  the resul ts  of a 
recently completed r e l i a b i l i t y  and maintenance study. The r e l i a b i l i t y  and 
maintenance cost e f f o r t s  were completed under iJASA contract iiAS3-20057 and 
w i l l  be published as NASA CR135192. The study report  i s  e n t i t l e d  "study 
o f  Turboprop Systems R e l i a b i l i t y  and Maintenance Costs. 

During the R&MC study, a 12.8 foot (3.9m) diameter po int  design Prop-Fan 
with e ight  blades was concepted. The weights o f  a l l  parts were estimated and 
i t  i s  these weights which form the basis f o r  the parametric data being dis-  
cussed here. These estimated weights were rat ioed us'ng mathematical re la t i on -  
ships proven by past propel ler  experience t o  provide r o t o r  weights f o r  the 
diameter range of 10 t o  20 fee t  (3.05 t o  6.lm) and power loading range of 15 
t o  80 SHPID2 shown i n  the parametric data. The r o t o r  concept includes several 
features which were designed t o  improve r e l i a b i l i t y  and ease maintenance but 
which increased the r o t o r  weight. 
bearing races and a bo l ted r o t o r  mounting flange. A r o t o r  weight increase was 
also incurred due t o  the increased blade chord width associated wi th  improved 
performance i n  the efght blade rotors. This weight increase i s  also ref lected 
i n  the ten blade r o t o r  which has the same t o t a l  r o t o r  s o l i d i t y  as the e ight  
blade rotor .  The ten blade r o t o r  i s  s i g n i f i c a n t l y  l i g h t e r  than the e ight  
blade r o t o r  for the same diameter and power loading. This i s  because the t o t a l  
blade s o l i d i t y  i s  comprised o f  more but narrower a i r f o i l s  i n  the ten blade 
r o t o r  resu l t i ng  i n  lower t o t a l  blade weight, loads and tw is t i ng  moments. 

Among these are separate blade retent ion 

The gearbox weight curve i n  Figure 2 shows a l i n e a r  re la t ionship o f  weight 
wi th  output toque.  
t o  the prel iminary design work accomplished during the turboprop re1 i a b i  1 i t y  
and mainta inabi l i ty  study. The weights are based on a dual compound i d l e r  
gearbox concept wi th a high bearing s e t  810 l i f e .  
design features were incorporated t o  improve re1 i a b i l  f t y  and reduce main- 
tenance costs. 

This i s  based on past parametric studies i n  addi t ion 

Both o f  these gearbox 



INSTALLATION GUIDELINES 

Previous studies have shown tha t  the selection o f  the optimum Prop-Fan con- 
f igura t ion  and power loading must include an assessment of Prop-Fan diameter 
and i t s  impact on the a i r c r a f t  design. 
these guidelines be used i n  the general parametric and prel iminary design 
studies f o r  Prop-Fan propulsion systems. 

It i s  recommended, therefore, t ha t  

A t yp ica l  Prop-Fan nacel le arrangement i s  shown i n  Hamilton Standard drawing 
SK 93074. This drawirig re f l ec ts  an updated version o f  the 12.8 foot (3.9m) 
diameter, e igh t  blaae po in t  design Prop-Fan studied under NASA contract 
NAS 3-20057. An A l l i son  PD 3?0-22 engine i s  shown d r i v ing  the Prop-Fan w i th  
blades o f  advanced design :hrough a dual compound i d l e r  gearbox. A i r c ra f t  
accessories are driven from a pad on the upper rear  o f  the gearbox. The 
Prop-Fan p i t ch  change regulator and s l i p  r i n g  assembly are both mounted a t  
the center rear o f  the gearbox w i th  quick disconnects t o  ease maintenance. 
Based on discussions w i t h  engine and airframe manufacturers, an engine 
i n l e t  duct with a 10% area reduction from i n i e t  t o  engine compressor face 
i s  shown. Nacelle axisymnetric radius and length were obtained from 
attachment SP20A77. 

- Formulas f o r  Nacelle Placement 

The Prop-Fan spacing requirements on the wing f o r  a four  engine a i r c r a f t ,  
shown i n  Figure 1 o f  attachment SP20A77, are 5overned by three factors: 
1) erosion and impact e f fec ts  on the blades, 2 )  exc i ta t ion  o f  blades during 
ground operatior\ and 3)  cabin noise. 
blade-to-ground clearance, H; the second defines the  separation of adjacent 
Prop-Fans, T; and the t h i r d  defines the separation of the inboard Prop-Fan 
from the fuselage, F. 
a t  the recomnended separation the noise requirement i s  the con t ro l l i ng  factor. 

The f i r s t  fac to r  defines the recomnended 

Exc i ta t ion o f  the blades i s  also influenced by 'IF" but 

The recommended ground clearance t o  assure low blade impact and erosion rates 
from foreign objects i s  proportional t o  the a i r c r a f t  size, takeoff and landing 
distance, the suction action of the Prop-Fan, and the f l i g h t  frequency. The 
takeoff and landing distances are d i r e c t l y  proportional t o  u ing loading o r  
cruise Mach number and inversely proportional t o  the thrust. The suction 
factor  i s  proportional t a  the d isc loading, o r  th rus t  divided by the square 
o f  the Prop-Fan diameter. Thus, the required ground clearance i s  proportional 
t o  the a i r c r a f t  gross weight and cruise Mach number divided by the square of 
the Prop-Fan diameter assuming a given takeof f  and landing distance and f l i g h t  
frequency. 

8 







INSTALLAT ION GU IOELINES (Continued) 

The recomnended separation of adjacent Prop-Fans, T, i s  defined so that the 
slipstream of the outboard Prop-Fan does not interfere w i t h  the inboard Prop- 
Fan or vice versa. This  i s  a geometric problem involving the wing sw~cp, which 
increases the required separation. The formula is based on a mfnimum clearance 
of flow fields of 5% of the Prop-Fan diameter i n  order to assure low excita- 
tions dur ing  ground running operations. 

I t  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 
recomnended value of F equal t o  (0.8) D is  based on several studies of t h i s  
nature. A minimum value of F equal t o  (0.2) D i s  required to maintain blade 
excitation loads w i t h i n  acceptable limits. The noise levels a t  the fuselage 
for values of F between (0.2) D and (1.6) D are presented i n  the near-field noise 
data package i n  attachment SP15A77. 

Definition of Nacelle Configuration 

The Prop-Fan nacelle configuration in Figure 2 is determined primzrily by two 
factors: performance and aerodynamic blade excitations. The  fmner dictates 
the required axisymnetric diameter, d, of the nacelle as a function of power 
loading SHP/D2. The dashed 1 ine represents the more real i s t i c  configuration 
needed for handl ing  the engine inlet. Figure 3 shows the required ra t io  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 a t  the plane of the 
blades to alleviate compressibility losses and blade root choking. The six 
blade configuration w i t h  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 n o t  been sufficiently 
analyzed a t  the higher power loadings, the diameter ratios i n  Figure 3 were 
cut off a t  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 a t  the plane of the Prop-Fan. These are usually expressed 
in terms of Excitation Factor, EF = #e (Vi348)2, where $e i s  the equivalent 
angular inflow a t  the plane of the Prop-Fan and V2 is  proportional t o  the 
dynamic pressure. The equivalent angular inflow, Pe ,  i s  dependent on several 
factors: the distance, L, the plane o f  the Prop-Fan i s  from the quarter chord 
of the wing; the t i l t  angle, 
respect t o  the zero l i f t  line of the wing; the strength of the wing circulation 
or wing loading; the attitude of the aircraft  and the var ia t ion in the flow 
field due t o  the sweep of the wing. By opt imiz ing  the nacelle t i l t ,  @t,  the 

@t ,  of the Prop-Fan thrust axis, or nacelle, w i t h  

9 



INSTAUTIOIJ  GUIDELINES (Continued) 

exci tat ions during cruise are usually minimized and the exc i ta t ions during climb 
are s ign i f icant ly  decreased. Usually, the maximum climb condit ion determines 
the design exci tat ions and loads on the blades. 
the blade moment and shear loads are proport ional t o  03 and 
so that  the respective steady-shaft loads, M and V .  are proport ional t o  D3 
and 32 tlmes the number of blades. 
V i n  Figure 4 have the number o f  blades 2nd the e f f e c t  o f  blade a c t i v i t y  factor 
included i n  the constants. The curve of nacel le lengtn versus Prop-Fan diameter 
i n  Figure 4 i s  basad on an equivalent exc i ta t i on  factor  o f  S which includes 
bot!? f i r s t  order and higher order exci tat ions.  The greater nacel le lengths 
are necessary f o r  higher Hach number operation because the increasing wing sweep 
with Mach number increases s i g n i f i c a n t l y  the higher order blade aerodynamic 
excitat ions. The steady-shaft load, M and V, are functions only o f  the f i r s t  
order (once-per-revol u t ion)  aerodynami c 1 oads. Therefore, these 1 oads decrease 
w i t h  Mach number because o f  the greater percentage o f  higher order exc i ta t ion 
i n  the equivalent exc i ta t ion factor of 5. 

Parametric an l y s i s  shows that 
, respectively, 

For convenience, the equations f o r  M and 

Wing/Nacelle St i f fness Required t o  Prevent Whirl F l u t t e r  

F i  ure 5 i s  a schematic diagram o f  a Prop-Fan wi th  diameter, 0, mounted distance, 1, from ~e e f f e c t i v e  tors ional  center o f  the wing/naceIle mounting system 
w i th  a tors ional  s t i f f nes ,  KT. 

Fioure 6 shows how the minimum required KT t o  prevent wh i r l  f l u t t e r  varies w i t h  
the r a t i o  D/A a t  several Prop-Fan diameters. 

The minimum e f fec t i ve  tors ional  stiffness requirements are based on a simple 
Houbolt wh i r l  f l u t t e r  analysis using propel ler  derivatives based on our aero- 
dynamic performance resul ts.  The trends fol low those i n  Houbolt's & Reed's 
I A S  paper 61-34, "Propeller-Nacelle Whirl Flut ter ."  As diameter increases, 
the Prop-Fan mass and moment o f  i n e r t i a  increase, thereby requi r ing greater 
e f fect ive tors ional  s t i f f ness  t o  assure s t a b i l i t y  from whfr l  f l u t t e r .  The 
aerodynamic derivatives increase with f l i g n t  speed, so t h a t  more st i f fness is 
required a t  higher Mach numbers. As the r a t i o  D/A increases, the required 
s t i f f ness  increases because aerodynamic damping, ( i  .e., s t a b i l i z i n g  forces times 
p i v o t  length) decreases. 

10 



INSTALLATION GUIDELINES (Continued) 

Sensit ivity Requirements f o r  Passenqer Comfort 

The a i r c r a f t  sensitivity requirements f o r  passenger comfort a r e  a function 
of two factors :  
the once-per-revolution exci ta t ion due t o  Prop-Fan unbalance. An acceptable 
overall  cabin vibration level is dependent on the s t a t i s t i c a l  sum of the excita- 
t ions  transmitted from the inboard and outboard Prop-Fans. T h i s  re la t ionship 
is shown i n  attachment SPZOA77. The cabin comfort vibration limit is  based on 
t h e  information given i n  the March, 1965 issue of "Mechanical Engineering" 
which shows tha t  the imperceptible level is  inversely proportional t o  the 1.15 
power of the frequency and, therefore,  d i rec t ly  proportional t o  the 1.15 power 
of the Prop-Fan diameter f o r  a constant t i p  speed. A parametric s t a t i s t i c a l  
unbalance analysis  conducted by Hamil ton Standard shows t h a t  Prop-Fan tinbalance 
is caused by both aerodynamic and mass unbalance effects which  a r e  proportional 
t o  the square of the Prop-Fan diameter f o r  a given t i p  speed and to  the square 
root of the number of blades. The allowable unbalance then  is inversley pro-  
portional t o  the diameter squared and the square root of the number of blades. 
Combining the above two fac tors  of permissible unbalance and vibraiion levels, 
leads t o  the relat ionship on the l a s t  page i n  attachment SP20A77. 
value of Prop-fan unbalance was scaled based on the 3HC-7 propel ler  unbalance, 
which has resulted i n  imperceptible cabin vibration. 

the vibration level requirements f o r  passenger comfort and 

The  absolute 

1 1  



RELIABILITY AND MAINTENANCE 

A data package has been prepared t h a t  contains the following re1 i a b i l i t y  and 
maintainability information fo r  a range of sizes of Prop-Fan and reduction 
gearboxes : 

. Removal r a t e s  

. Direct maintenance man hours per f l i g h t  hour and par t s  cos t  per 
f l  i ght hour. 

Several assumptions and conditions were made i n  estimating t h e  r e l i a b i l i t y  
and maintainabili ty values presented i n  the data packages: 

. Blade tip-to-ground clearance i s  per H o f  Figure 1 ,  SP20A77. 

. A duty cycle of  1.25 hours per f l i g h t  was assumed. 

. A comnercial operating environment w i t h  average mnth ly  a i r c r a f t  
u t i l i z a t i o n  of 250 hours was assumed. 

. A comnercial on-condition maintenance philosophy was assumed. 

The R&M data was aenerated based on NASA-funded work Derformed by Hamilton 
Standard and t o  be reported i n  NASA CR-135192. In that program, a de ta i led  
r e l i a b i l i t y  and maintenance cos t  study was performed of the Prop-Fan config- 
uration as proposed f o r  use i n  a comnerctal environment. The  study focused 
on the following Prop Fan and gearbox items: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Prop Fan 

Spinner 

Disc & A f t  Fairing 

Forward Cover & Fairing 

B1 ades 

P i t c h  Change Actuator 

Pitch Change Regulator 

S l i p  Ring A s s d l y  

De-icing Conduit Assembly 

Transfer Tu be Assembly 

Variable Delivery Pump 

Auxil i a ry  Pump & Fi 1 ter  

Gearbox 

Gearbox Housing 

Main Reduction Gear Train 

Accessory Drive Gear 

Power-take-off Drive Gear 

Prop Brake 6 Hydraulic Pump 
Drive Gear 

Lube Oil Pump 3rive Gear 

Mounted on gearbox a t  
Hydraulic pump drive.  

12 



The basic data contained i n  the referenced repor t  was generated based on 
analysis o f  the Prop-Fan conf igurat ion design and prel iminary parts l i s t ,  
Specific techniques u t i l i z e d  can be sumnarized as fol lows: 

A piece-part r e l i a b i l i t y  predic t ion was performed. The 
primary data source was Hamillcon Standard's experience M t h  
the 54H60-77 propel ler  used on the P-3 a i r c r a f t .  Other data 
sources i ncl uded vendor data and Government Industry Data 
Exchanger Program (GIDEP) . 
Average repa i r  times, which are needed t o  develop maintenance 
man-hour per f l ight -hour  estimates, were developed by Hamil ton 
Standard personnel from the Overhaul and Repair Department who 
are s k i l l e d  i n  est imating repair times under competitfve 
conditions. Results were compared with, and val idated against, 
records o f  actual repa i r  ttmes for s im i la r  equipment. 

Parts cost per repa i r  were developed based on h i s t o r i c a l  records 
f o r  s im i l a r  hardware from which Papair costs as a percentage 
o f  acquis i t ion cost  were established. These percentages, adjusted 
t o  r e f l e c t  the on-condition maintenance phiiosophy, were appl led  
t o  the Prop-Fan acquis i t ion costs and, i n  turn, the parts cost  
per fl l g h t  hour estimates were determined based on removal/ 
repa i r  rates. 

13 



COSTS 

In this sect ion cos t  estimates for  a Prop-Fan propulsion system a r e  provided. 
The cos t  estimates contrined herein a re  budgetary, 1977 economy, and intended 
fo r  study purposes only. 

- 

The Prop-Fan system is envisioned t o  include t h e  ro tor  assembly (blades, disc, 
pitch-change actuator ,  and spinner) ,  a p i t c h  change regulator,  a s l i p  r ing,  
and an integrated gearbox un i t  (gearing, housings ,lube sjstem). The cos ts  f o r  
this program were estimated on the basis of s imi la r  programs conducted recently.  
The hardware cos ts  were estimated by breaking the system in to  major components 
and comparing these components to  s imi la r  propel ler  components current ly  i n  
production f o r  a i r c r a f t  such as t h e  Navy €2, C2 and P-3. Factors were then 
applied t o  account f o r  differences i n  size, s implici ty ,  mater ia ls ,  etc. 

Cost information f o r  two configurations (e ight  and ten bladed Prop-Fans) and 
hro di f fe ren t  diameters, a r e  provided i n  the sumnary below. fw s tudy  purposes, 
i t  is recomnended tha t  a l i nea r  re la t ionship between cos t  and diameter be main- 
tained fo r  the range under consideration. The fac tors  used t o  develop the cos t  
re la t ionships  include Prop-Fan diameter, ac t iv i ty  fac tor ,  weight, and power 
loading. As previously described i n  the technical sumnary, the ten-way Prop-Fan 
has the same to t a l  ro tor  ac t iv i ty  fac tor  as  the eight-way conffguration. T h i s  
approach results i n  a blade t h a t  is approximately 20% narrower and, in  spite of 
the addition o f  two blades, y i e lds  a s l i gh t ly  l i gh te r  rotor  i n  the ten-way 
configuration than i n  the eight-way. 

COST SUMMARY 
E CONOMY 

Prop-Fan Diameter 13 Feet (3.96M) 16 Feet (4.88M) 

!lumber of blades 8 10 8 10 

Delivery Production Units 5227K $227K S284K 9284K 
(Price per each Prop-Fan) 

The prices f o r  production uni ts  a r e  based on delivery r a t e s  of  300 units per 
year. For o ther  production ra tes ,  the price-quantity sca le  f ac to r  should be 
applied to  adJust the u n i t  sell price. 

14 



PRICE VERSUS QUANTITY SCALE FACTOR 

190 200 300 400 500 600 

Annual Productfon Quantity 
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M a  b t r  package provides Prop-Fan Performance in 8 non-dimen- 
rfonal c o e f f i c i e n t  format which permits t he  user  t o  estimate 
performarre o r 0 1  a broad range of operat ing conditions.  The 
lata is preseated i n  t a b u b r  form f o r  ease of computer appl icat ion.  

Ihe  performance 1s preseated in term8 of n e t  t h r u s t  c o e f f i c i e n t  
(QNet) as a funct iou of power c o e f f i c i e n t  (5) for constant values 
of alroaco ratio (J) .  The following t a b l e s  are included: 

I Nach Number 4.55 
I1 Mach W.x -0.55 
XI1 Mach Nuznbc? -0.60 
IB Mach Nunber -0.65 
V Mach Number -0.70 
V I  Mach Number -0.75 
V I 1  Mach Number -0.80 
VI11 Slipstream Character+.stics 

The 0.55 to 0.80 Kach number cables alsa include a t abula t ion  of 
n e t  e f f ic iency  ( n ~ e t )  t o  a l l o w  for a v i s u a l  es t imat ion of 
perfotmance larel. 

The non-dimensional c o e f f i c i e n t s  are defined in engineer* tenus 
a3 English units: 

where: Tm - Uninotalled Prop-Fan n e t  t h rus t ,  pouads 

N - Irop-Fan r o t a t i o n a l  speed, rpn 

D = Prop-Fan t i p  diameter, f e e t  

p c / p  = Density r a t i o ,  rea level 'ISX to  ambient conditio- 
( p ~ 0 . 0 0 2 3 7 8  lb-sec2/f t4) 

1 



Fl,, 

CK 

V - Free rtreaa velocity,  trua r i r r p e d ,  knots 

. Free rtream Hach nuabet - S p e d  ox' sound, knots 

uhere: ND - (TS) (60)/vt 

TS Tip  speed f t  per second 

$ L Average S d t l  8n$lQ, degrtas 

AV - Iactemental induced axial a h c i t v  inraedhtelp behim? d i s k ,  b t a  

In SI Units: 

where Kw c power, k L b m t t S  

TxET .I Cninstal led Prop-Fan act thrust, newtons 

U - ?rop-Fan Rotathnal Speed, RPX 

D ?rop-Fan Dfametet, Meters 

p,,'c' * Dcnsitv ra t io ,  sea  l e v e l  ISA t o  rmbfant condition8 

Xo * Free stream Xach number 

Speed zi oound, meters per sucond 

1' - Free a t r e j n  velocitv, meterr par sacond 

4 = Average sv ir i  rnsla degrees 



TS t i p  rpecd. r~cets per r iccnd 

!?w "Met Thrust (fxy)" is the  u n i n s t i l l e d  thrust o f  the Prop-Frn rota t  
operating in thc  presence of a nace l l e .  The boovrncY force bctvccn the  
t o t o t  and rucc l la  face has been removed from t h e  totot thruat ,  and t h e r e  
fore f t  should not be included in the nacelle drag. I n s t a l l e d  p t n p u l r f w  
t h t u r t  is  obtained by adding the u n i n s t o i l c d  ne: thrus t  (tN~T\ to tile 
c o t e  engine j e t  t h r u s t  and then subtrac t ing  the  drag of t h e  nacelle and 
the tosser due t o  nacclle/ving i n t e r f e r e n c e .  

Ru slipstream c3.irrctcristics a t e  klso presented tn tabu lar  € o m .  
Average svirl ang le  ( 3 )  rnd incremental r x i r l  i n d ~ . : i d  vcloclty i - d i r t c l y  
behind the d i s k  aver freestream v e l o c i t y  (Ai'/'.') are presented 4 1  a function 
of p u t t  c o e f f i c i e n t  iC,) for g i v e n  values of advance r a t i o  (JI. Ihcorerl- 
C A l L V  the induced a x i a l  n l u c i t v  doubLes i n  the ultimata woke which i s  
rpptoximatelp h o  dia!aetcrr duvasctcaa. 
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S AMP I. E PROBLEMS 

English Units 

Given: 5322 lb ins ta l l ed  thrust required a t  0.80 %ch number a t  35,000 f t . ,  I S A  

Select che diameter required f o r  an: 

SHP/D2 of 37.5 for  an 8 bladed Prop-Fan operating a t  800 feet per 
recond t i p  speed 

Calculate: XD - (800) (60)  ,' 1 - 15,379 
m 

(SIE/D2) ( P O / D )  

20 (ND/ l0,OOO) 3 5 -  
(37.5) (3.2196) 

- 1.692 

J 0 (101.6) (XO) (CK)/ND 

= (101.1) (0.30)(576.3)/15279 

0 3.060 

- 0.1595 (Table VIX) cT?IEr 

(0.4505 )(3.060) 

1.693 
0-  * 0.915 'NET -J 

%ET 

cP 

- 21.592 D' 

Fur the engine selected, c a l c u l a t e  a diameter such t?lst: 

Net Thrust + Jet. Thrus t  - Nacelle Drag - IJing Int. Drag * 5322 lbr 

This i s  a i  i terst ive process. 



For exampie: 

take-off, climb l o i t e r  and o the r  performance po in t s  f o r  Yach numbers less 
than 0.55 u t i l i z e  t a b l e  I whish covers t he  low J advance r a t i9  range of operation. 

For example, f o r  t he  8115.56 foot diameter Prop-Fan, c a l c u l a t e  the  power required 
f o r  a ne t  t h r u s t  of 20241 pounds a t  0.25 h c h  number a t  sea l e v e l ,  ISA 

S 



SP13A77 

S I  k i t s  

Given: 23,672 Newtons of i n s t a l l e d  t h r u s t  a t  0.80 Hach number of 10,668 
meters ISA a l t i t u d e  

Selecc the aianeter required f o r  a: 

2 - m/D2 - 301 KW/M 
t i p  speed 

fo r  an 6 bladed Prop-Fan operat ing a t  243.84 aps 

Calculate: ND = (243.84)  ( 6 0 )  / T - 4657 
(WID2) ( P O / P ?  

( 3 0 1 )  (3 .2196)  

- 1.631 

J = ( 6 0 )  (MI (LIS) a 
ND 

( 6 0 )  ( 0 . 8 )  (296 .68 )  - 3.06 = 
4657 

CTHet - .4505 (Table V I I )  

N D 2  and T m  * 340.42 D2 CrNet / ( P O / P )  

5 340.42 (4 .657)*  D2 (0.i505) / 3.2196 

T s T  - !033.7 D2 

For the engine se lec ted ,  c a l c u l a t e  a diameter such tha t :  

Set  Thrust + Jet Thrust - Nacelle Drag - Wing Int .  Drag - 23672 Yewtons 

This is an i t e r a t i v e  process. 
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SP13A 77 

For example: 

Diameter = 4 .743  meters 

Tne t 

- - - - - - - - - - - - - - -  - 23254 newtons 

T j e t  - +la15 newtons 

= -930 newtons Dmcelle 

= A 6 7  newtons Dinterf - 
Tins 236 72 n e W t O U P  

KW = (KW/D2) (D2) - (301) (4 .74312 = 6771 

For takeoff ,  climb, l o i t e r  and o the r  performance points  for Mach numbers less 
than 0.55, u t i l i z e  t a b l e  I which covers the low adiFance r a t i o  range of operation. 

For example, f o r  the 8 blade, 4 .743  meter diameter Prop-Fan, c a l c u l a t e  the power 
required f o r  a ne t  t h r u s t  of 90032 newtons a t  0.25  Mach number a t  Sea Level, 
ISA a t  Z43.84 meters p e r  second t i p  speed 

Calculate:  - J - (60) (Mo) (Cm/s) im 

= ( 6 0 )  ( 0 . 2 5 )  ( 3 4 0 . 2 )  / L6S7 

- 1.096 

'met - (TNet) ( p o l ? )  / 340.42 (ND/1000)? Dz 

- (90032)  (1.0) / 340.62 (4657)?  ($763) '  

= 0.542 

From Table I Cp = 0.984 

Kw = 5.674 (ND/lOOO) 3 2  D Cp / ( s o i s )  

- 5.674 ( 4 . 6 5 7 1 3  ( 4 . 7 4 3 ) ?  (0.984) / (1.0) 

= 12686 

" 
1 
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TABLE I ( C o n t )  

8 BLADED PROP-FAN PERFORMANCE 

J CP 

2.0 0.2241 
0.3892 
0.5694 
0.7361 
0.9153 
I. 0998 
1.2917 
1.4934 
1.7002 
1.8389 
1.9101 

2.2 0.0565 
0.2404 
0.4309 
0.6270 
0.8268 
1.0293 
1.23?4 
1. 4534 
1.6031 
1.7577 
1.9106 
2.0655 
2.2229 

2.4 0.1453 
0.2874 
8.4323 
0.5 786 
0.7282 
0.8785 
1.0296 
1.1824 
1.3381 
1.4975 
1.6609 
1.8297 
3.1732 

%et 

0.0903 
0.1656 
0.2377 
0.3055 
0.3698 
0.4297 
0.6844 
0.5324 
0.5722 
0.5945 
0.6 146 

0.0045 
O.OP72 
0.1670 
0.2027 
0.3133 
0.3797 
0.4413 
0.4968 
0.5295 
C.5591 
0.5833 
0.6042 
0.6235 

0.0391 
0.0066 
0.1527 
0.2072 
0.2582 
0.3071 
0.3542 
0.3989 
0,0413 
0. A806 
0.5 165 
0.5483 
0.5988 

~0.55 WCH NLTMSER 

J 5 
2.6 0.1322 

0.2929 
0. 4562 
(2.6211 
0.7889 
0.9576 
1.1271 
1.2982 
1.h718 
1.6492 
1.8313 
2.0i89 
2,2103 
2.3996 

2.8 0.1461 
0.3270 
0.5105 
G. 6352 
0.8832 
1.0719 
1.2672 
1.4521 
1.6459 
1.8438 
2.0466 

3.0 0.1944 
0.3972 
3.6025 
0.8085, 
1,018; 
1.2287 
1.4396 
1.6523 
1.8683 
2.0889 

C T N e t  

0.0283 
0.8911 
0.1480 
0.2051 
0.2586 
0.3096 
0.3586 
0.4051 
0.4488 
0.6891 
0.5208 
0.5581 

0.6074 

0.0285 
0.092 1 
0.1537 
0.2127 
0.2682 
0.3210 
0.3714 
0.4192 
0.i638 
0.5045 
0.54 10 

0.0399 
0.1059 
0.1694 
3.2303 
0.2871 
0.3410 
0.3926 
0.4409 
0. .is56 
0.5253 

o. 5858 

J CP 

3.2 0.0626 
0.7854 
0.5121 
0.7402 
0.9303 
1.2035 
1.4365 
1.6706 
1.9071 
7.1479 

SP13A77 
Revision A 
2/28/78 

+Net 

-. 0050 
0.0626 
0.1301 
0.1953 
0.2573 
0.3148 
0.3696 
0.4214 
0.4697 
0.5134 
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J CP 
2.0 0.3976 

0.5065 
0.6187 
0.7343 
0.8529 
0.974 1 
1.0979 
1.2241 

2.2 0.4954 
0.6198 
0.7625 
0.8782 
1.0117 
1.1479 
1.2864 

2.4 0.3665 
0.5017 
0.6.iO3 
0.7824 
0.9275 
1.0755 
1.2261 
1.3794 
1.5350 

2.6 0.3736 
0.5301 
0.6349 
0.8&33 
1. 0018 
1.1693 
1.3365 
1.5063 
1.0797 

2 .9  0.2516 
0.A172 
0.586: 
0.7599 
0.43b5 
I . l i o 3  
1.2901 
1 .LSAQ 
1.073A 
1.36;s 
2.058.i 

TABLE IX 
8 BLADED PROP-FAN PERFORMANCE 

0.55 WCH NUMBER 

'TNe: 
0.1717 
0.2193 
0.1647 
0.3087 
0.3573 
0.3933 
0.4335 
0.4724 

0.1956 
0 . 2 U O  
0.2902 
0.3550 
0.3786 
0.4209 
0.46 14 

0.1283 
0.1810 
0.2321 
0.2808 
0.3277 
0.3729 
3.4172 
0. A595 
0,5001 

0.1204 
0.1759 
0.2291 
0.2802 
0.3290 
0.376: 
0. $222 
@..i660 
0.5079 

0.0679 
0.1225 
0.1302 
0.2355 
0.2986 
0.3392 
0.3831 
0.4357 
O.-i807 
(3.5238 
(3 .5o52 

n N e t  
0.865 
0.866 
0.856 
0.841 
0.825 
0.807 
0.790 
0.772 

0.869 
0.866 
0.354 
0.339 
0.824 
0.806 
0.739 

0.s.i 1 
0.866 
O.S?O 
0.862 
0.818 
0.833 
0.816 
0.799 
0,782 

0 . S 2 7  
0.863 
0.370 
0.364 
0.851 
0.337 
0.321 
0.304 
U. ' 8 7  

0.699 
0 ,  f33  
0.9b0 
0. db8 
0.3b3 
0.951 
0.337 
0.921 
0. $0.; 
0. : S i  
J. '-0 

J cP 
3.0 0.30'28 

0.&883 
0.677; 
0.8709 
1.0675 
1. 2676 
1.4706 
1.6768 
1.8861 
2.0979 
2.31 18 

3.2 0.3922 
0.5994 
0.3106 
1 .035  
1. ?LA1 
1 .$hf?2 
1.6915 
1.9:o.i 
2.1515 
2.3843 

3.A 0.3008 
0.5172 
0.7531 
0.3929 
I .  2318 
1 .&;A& 
1.12O.cr 
1.9699 
2.221- 
2.4758 

C T N e  t 
0.0726 
0.1345 
0.1940 
0.2510 
0.3056 
0.3579 
0. $082 
0.w0 
0.5030 
3.5169 
0.5899 

0.093i 
0.15oS 
0 . 2 l i l  
0 .2756  
0.331.i 
0.38S3 
0.4364 
0 . 3 6 3  
0.5324 
0.5760 

0.0555 
0.1226 
0.1377 
0.2.i93 
0.303; 
0.3655 
0.4201 
0.A726 
0.521; 
0.5080 

' N e t  
C.713 
0.326 
0.859 
0.865 
0.959 
0.847 
0.833 
0.91; 
0.800 
0.782 
0.766 

0.751 
0.835 
0.857 
0.960 
0.552 
0.840 
0.826 
0.3 10 
0.792 
0.77. i  

0.029 
0.791 
0.t3.i: 
0.35A 
0.852 
0.8.i3 
0.830 
0.916 

0.750 
0. i ?a  
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J CP 
? ?  ...- 0.5068 

0.6367 
0.7660 
0.900s 
1.0379 
I. 1779 
1.3211 
1.4659 

2.4 c.3727 
0.5 106 
0.6522 
0.7972 
0.9456 
1.0969 

1. $073 
1.5671 

1 2508 

1.6 0.2343 
0.3843 

0.6959 
0.8571 
1.0216 
1.1891 
1.3592 
1.5323 
1.7077 
1.8859 

.0.53a? 

2.8 0.3545 
0.4225 
0.5944 
0.7702 
0.9495 
i ,  132! 
1.3179 
1.5065 
1.6981 
1.9925 
2.0893 

TMLE 111 
R BLADED PROP-FAN PERFORMANCE 

0.60 MACH NUMBER 

CTNe t 
0.200 1 
0.2494 
0.2965 
0.3422 
0.3868 
0.&195 
0.A711 
0.5105 

0.1308 
0.1863 
0.2362 
0.2855 
0.3332 
0.3792 
O.SZ4O 
0.4666 
0.5081 

0.0645 
0.1235 
0.1786 
G. 2327 
0.1864 
0.3339 
0.3816 
0.428 1 
0.471L 
0.51&7 
0.5556 

0.0638 
0 .133 
0.18'27 
0.2387 
0.2923 
0.3435 
0.3915, 
0. $4 10 
0. $864 
0.5298 
0.5721 

J Net 
0. a69 3.0 
0.865 

0.836 
0.820 
0.802 
0.784 
0.766 

0.852 

o.aw 
0.866 
0. a69 3.2 
0.860 
0.846 
0.830 
0.813 
0.796 
0.778 

0.716 
0.829 
0.863 
0.369 3. j 
0.863 
0.850 
0.835 
0.819 
0.3902 
0. ,Y4 
0.767 

0.702 
0.824 
0.860 3.6 
0.867 
0.362 
0.950 
0.935 
0.919 
0.902 
0. :3; 
0.767 

CP 
0.306 1 
0.4340 
3.6880 
0.8818 

1.2940 
1.4901 
1.6996 
l.?l?O 
2.1266 

0.3964 
0.6061 
0.8300 
1.0378 
1.2506 
1. i d 4 6  
1.7129 
1.?&&9 
2.1796 
2.&158 

0.3036 
0.5 3251 
0.760-i 
1.0053 
1.1&02 
l.&918 
1.7.il0 
1.5930 
3.&91 :. 5 0 t h  

0.2199 
0.4691 
0. 
( l .033:  
1. ' i - 6  
1.5154 
I. 1869 

2 . 3 3 5 :  
2 , 0 1 3 3  

1.0812 

:.?hLb 

%et 

0.0736 
0.1362 
0.1964 
0 . 3 1  
0.3092 
0.3610 
0. 4 129 

0.5085 
0.5526 

0.0943 
0.1553 
0. 2196 
0.1787 
0.3350 
0.339 1 
0.4411 
0.i910 
0.5378 
0.5823 

0.4b22 

0.05h3 
O.LL4l 
0.1899 
0.2521 
0.31 20 

0. ;:4.i 
0 . i 7 - 3  
il.52b; 
0.5-3; 

0.02339 
0.0Q50 
0.1bA3 

0.2Q35 
0.353b 
O.L1!5 
0.46:3 
3.5158 
3.5od.2 

0.3b3.(r 

0. 

Set 
0. ?22 
0.827 
0.859 
0.864 
0.358 

0.931 
0.916 
0.798 
0. :so 

0.759 
0.836 
0.857 
0.855, 
0.351 
0.539 
0.924 
0.808 
0.790 
0 . 7 7 2  

0.630 
0. i P  
0. 94' 
0. Y5-4 
0.35;  
0. SA' 
rJ.S'9 
0.911 
0. ,Qtl 

a. ''3 

3.3' 
0. ;:. 
0.81' 
0.Y44 
0. 84 - 
0.3.; 1 
0.330 
0.916 
c .  309 
0. -91 

0. dAb 

11 
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cP J 

2.4 0.3822 
0.5244 
0.6704 
0.8202 
0.9733 
1.1296 
1.2888 
1.4505 
1.6147 
1.7810 

2.6 0.2385 
0.39 19 
0.5495 
0.7111 
0.8763 
1,0450 
1.2168 
1.3914 
1.5690 
1.7488 

2.8 0.2583 
0.4295 
0.6069 
0.7843 
0.9676 
1.1538 
1.3435 
1.5360 
1.7317 
1.9305 

3.0 0.1238 
0.3104 
0.5016 

0.3960 
1.0990 
1,3055 
1.5156 
i. i283 
1.0453 
2.1b37 

0.6968 

TABLE LV 
8 BLADED PROP-FAN PERFORMANCE 

0.65 MACH NUMBER 

CTN6!t 

0.1345 
0.1894 
0.2424 
0.2929 
0.3416 
0.3888 
0.4345 
0.4779 
0.5 195 
0.5605 

0.066 1 
0 .* 12 5 3 
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 
0.4479 
0.4938 
0.5379 

0.0102 
0.0750 
0.1385 
0.1994 
0.380 
0.3138 
0.3673 
0.4 138 
0.4665 
0.5 153 
0.5599 

n8et 

0.845 
0.867 

0.857 
0.882 
0.826 
0.809 
0.791 
0.772 
0.756 

0.721 
0.832 
0.863 
0.869 
0.861 

0.832 
0.815 
0.798 
0.779 

0.707 
0.827 

0.367 
0.860 
0. 348 
0.333 
0.816 
0.799 
0.780 

0.246 
0.725 
0.929 
0.359 
0.86; 
0.957 
0.344 
0.829 
0.913 
0. i95 
0.776 

0.868 

0.847 

0.861 

J % 'TNet ' N e t  

3.2 0.1930 
0.4016 
0.6 146 
0.8318 
1.0530 
1.27&2 
1.5070 
1.7397 
1.9751 
2.2132 
2.4535 

3.4 0.3075 
0.5400 
0.7770 
1.0184 
1.2639 
1.5134 
1.7663 
2.0223 
2.2816 
2.5427 
2. SO63 

3.6 0.2210 
0.4746 
0.7330 
0.996 1 
1.5352 
1.810h 
2.08813 
2.3701 
2.6544 
2.51406 

3.3 0.h215 
0.7030 
0.91395 
1.2305 
1.5758 
1,37&9 
2. i 7 7 8  
:.is33 
2 "  i915 
3.101- 

0.0282 
0.0953 
0.1607 
0.2237 
0.9825 
0.3395 
0.394 1 @. 4469 
0. 4970 
0.544 1 
0.53?1 

0.05 72 
0.1259 
0.1926 
0.2555 
0.3161 
0.3740 
0.4297 
0.4829 
0.5325 
0.5795 
0.6262 

0. (7 2 4 2 
0.0963 
0.1665 
0.1336 
0.3577 
0.4162 
0 .672 i  
0.5250 
0.5740 
0.5221 

0.0715, 
0.1656 
0.2160 
O.L'S24 
0.3471 
0.4073 
0 . 2 6 5 5  
0.5216 
0 . 5 7 2 h  
0.6211 

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 
0.353 
0.350 
0.840 
0.827 
0.812 
0.794 
0.775 
0.759 

0.395 
0. 73! 
0.81; 
0.343 
0.8&0 
0.329 
0. Y li 
0.797 
0. i 7 8  
0 .762  

0. tjuii) 

0. -86 
0.929 
0.938 
0.335 
0.32;  
3.915 
0. 7 6 3  
0. ,-a 
0. -61 



SP 13A 77 

J c p  
2.6 O.hO30 

0.5661 
0.7334 
0.9046 
1.0795 :. 2577 
1.4390 
1.6228 
1.8092 
1.9984 

2.3 0.2639 
0.4398 
0.6102 
0.8047 
0.9933 
1.1855 
1.3309 
1.5793 
1.7810 
1.9852 

3.0 0.1254 
0.3163 
0.51 19 
0.7122 
0.9162 
1.1263 
1.3361 
1.5514 

1.9914 
1.7698 

3.2 0.1959 
0.4086 
0.6261 
0.8480 
1 .0 7:c 1 
1.304: 

1.7753 
2.0156 
2.2508 

1.5381 

'TNe t 
3.1295 
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 
O.AO87 
0.4580 
0.5048 
0.5491 

0.0107 
0.0769 
0.1418 
0.2039 
0.2635 
0.3202 
0.3747 
0.4271 
0.4773 
0.5247 

0.0290 
0.0974 
0.1639 
0.2270 
0.2877 
0.3450 
0.4010 
0.4545 
0.5057 
0.5527 

TABLE V 

8 - BLADED PROP-FAN PERFORMANCE 

0.70 MACH NUMBER 

rl N e t  J 

0.836 3.4 
0.864 
0.867 
0.858 
0.844 
0.828 
0.310 
0.791 
0.772 
0.755 

0.713 
0.330 
0.861 
0.866 
0.858 
0.845 
0.829 
0,812 
0.794 
0.775 

0.256 
0.729 
0.331 
0.859 
0.863 
0.854 
0.84 1 
0.826 
0.309 
0.790 4. 0 

3.6 

3.3 

3 . 4 7 4  
0.763 
0.338 
0.956 
0.857 
0.8&8 
0.835 
0.819 
0.801 
0.783 

cp  
0.3122 
0.5490 
0.7905 
1.0366 
1.2869 
1.5413 
1.7992 
2.0604 
2.3242 

0.2240 
O..i818 
0 .7447  
1.0124 
1.2846 
1.5610 
1,8412 
2.1246 
2,4111 
2.7002 

0.4275 
0.7135 
1.0046 
1.3005 
1.6006 
1.9065 
2.2110 
2.523:. 
1.8363 

0.3890 
0.6399 
1.0161 
1.3372 
1.6b26 
1.9921 
2.325 1 

6623 
3.0010 

%et 
0.0584 
0.1284 
0.1960 
0.2598 
0.321: 
0.3800 
0.4364 
0.5902 
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 
3.4715 
0.5281 
0.5790 

0.0538 
0.1315 
0.2060 
0. 2765 
0.3446 
O . i O 7 8  
0.L703 
0.5277 
0.5807 

R 
N e t  

0.636 
0.795 
0.843 
0.852 
0.849 
0.838 
0.825 
0.809 
0.790 

0.399 
0.733 
d.818 
0.843 
0.845 
0.838 
0.326 
0.812 
0.794 
0.775 

0.651 
0.786 
0.829 
0. C37 
0.833 
0.325 
0.313 
0.795 
0.776 

0.5% 
0.751 
0.811 
0 .827  
0.326 
0.820 
0.808 
0.793 
0.774 

13 



TABLE V (Coat) 

4.2 0.3695 

1.0500 
1. 3979 
I. 7504 
2.1070 

2.6673 

3.1981 

0.7070 

2 . a ~  

0.0399 
0.1207 
0.1980 
0.2715 
0.3406 
0.4086 

0.4718 
0.5312 
0.5865 

0.454 
0.717 
0.792 
0.816 

0.813 
0.803 
0.788 
0.770 

0.817 



J cp  
2.8 0.2708 

O..i535 
0.64 10 
0.8331 
1.0292 
1.2195 
1.4331 
1.6400 
1.8500 
1.0626 

3.0 0.3239 
0.5159 
0. :32? 
0.9450 
1.1593 
1.3736 
1.6015 
1.8275 
2.0567 

3.7 0.&177 
0.6414 
0.8699 
1.1026 
1.3397 
1.5806 
1.3250 
2,0725 

3.4 0.5630 
0. 807: 
1.0599 
1.3167 
1.5804 
1.345h 
2.1135 
2.3849 
2 .  6592 

3.b 0.2279 
0.h916 
0. :609 
1.0349 
1.313b 

1.9839 

2.40-0 
2 .  -ri3.i 

1.5968 

:. 1::1 

TABLE VI 

8 B W D U )  PROP-FiLU PERFOEWNCE 

0.75 WCH WMBER 

* N e t  k t  

0.0698 0.722 
0.1350 0.836 
0.1972 0.861 
0.2572 0.864 
0.3141 0.855 
0.3687 0.840 
0.6215 0.826 
0.4716 0.805 
0.5193 0.796 
0.5647 0.767 

0.0794 0.735 
0.1462 0.833 
0.2098 9.859 
0.2710 0.861 
0.3290 0.851 
0.3847 0.837 
O..i?85 0.821 
0.4892 0.903 
0.5373 0.783 

0.1000 0.766 
0.1682 0.839 
0.2327 0.353 
0.2946 0.855 

0.4103 0.331 
0.46&9 0.315 
0.5157 0.796 

0.3537 0.145 

0.1314 0.794 
0.:9?5 0.s.i; 
0.2654 0.851 
0.3280 0.847 
0.3881 0.83s 
O.Ah55 0.921 
0.49QO 0.sorc 
0.5505 0.735 
0.5995 0 . : 6 0  

0.0257 
0. 1004 
0.1731 
3.2A 19 
0.3080 
0.370: 
0.4307 
(3.49's 
0 . 5  4 1 : 
d. 550: 

0.&ob 
0.73b 
0.915, 
0. 9S2 
0.3A3 
0.935 
0.823 
(3. sod  
3.  :so 
0. ::c' 

15 

J CP 
3.3 0.5356 

0.7279 
1.0251 
1.3274 
1.6344 
1.9451 
2.2594 
2.5771 
2.8973 

4.0 0.3960 
0.7130 
1.0356 
1.3632 

2.0317 
2.3714 
2.7153 
3. G60; 

1.65154 

5.2 0.3760 
0.7195 
1.0692 
1.6237 
1.7831 
2 . l h 6 6  
2.5136 
2.SSSS 

2 . 4  0.3iQA 
0 . 3 1 7  
1.1298 
1.5132 
1.9015 
3.2960 
2 .9h99 
3.0895 

%et 

0.0749 
0.1508 
0.2235 
0.2916 
0.3583 
0.4202 
0.4792 
0.536A 
0.5373 

0.0551 
0.1341 
0.2098 

0.3504 
0.4146 
0.4776 
0.5356 
0.5886 

a 2s i z  

0.0409 
0.122s 
0.1014 
0.2759 
0.3461 
0.4 148 
0.b738 
0.5385 

0.0325 
0.1174 
0.19% 
0.2753 
0.34 76 
0.4199 
0.4840 
0.545; 

k t  

0. b54 
0 .73:  
0.929 
0.835 
0.831 
0: 322 
0.809 
0.791 
0.771 

0.557 
0.752 
0.310 
0.825 
0.3'4 
0.813 
0.805 
0.789 
0.769 

0.457 
0.717 
0. io1 
0.814 
0.315 
0. s10 
0.790 
0. ,SA 

0.3;: 
0. 6s; 
0.7:3 
0.800 
0 .  Y O 4  
0.901 
0. -92  
0.7?: 



S P U A 7 7  

J 
2. a 

3.0 

3.2 

3.b 

3.6 

CP 
0.2800 
0.4716 
0.6687 
0.8708 
1.0776 
1.2887 
1.5037 
1.7221 
1.9438 
2.15d4 

0.3343 
0.5451 
0.7612 

1.2076 
1.4373 
1.6709 
1.9079 
2.1481 

0.4310 
0.6636 
0.9012 
1.1439 
1.3908 
1.6420 
1.8970 
2.1550 

0.5776 

1.0963 
1.3626 
1.6336 
1. 9085 

0.9821 

0. a343 

2.1866 

0.5043 
0.7320 
1.0652 
1.3531 
1.6657 
1.9424 
2.2428 

TABLE V I 1  

8 BLADED PROP-FAN P E R F O R W C E  

Q. 80 wcn WMBER 

CTNe t 
0.0727 
0.140s 
0.2050 
0.2673 
0.3261 
0.3827 
0.4374 
0.4888 
0.5376 
0.5855 

0.0826 
0.1517 
0.2176 
0.2807 
0.3406 
0.3980 
0.4535 
0.5053 
0.5545 

0.1037 
0.1741 
0.2406 
0.3066 
0.3651 
0.4234 
0.4793 
0.5308 

0.1359 
0.2067 
0.2737 
0.3389 
0.3990 
0.4577 
0.5128 

0.103h 
0.1779 

0.3167 
0.3798 
0.4415 
0.4999 

0.2486 

nWct 

0. a34 

0 . a ~  

0.127 

0.858 
0.859 

0.832 
0.814 
0.795 
0.774 
0.75Q 

0.741 

0.857 
0.857 

0.835 

0.546 
0. a31 
0.814 
0.795 
0.774 

0.770 
0. a40 
0.854 

o. a40 
0. a25 
0.909 

0.852 

0.788 

J 

3.a 

4.0 

4.2 

4.4 

4.6 

0.800 
0.842 
0.849 4.a 

0. a30 
o.ai5 

0.846 

0.797 

0.738 
o m 9  
0. a40 
0.943 
0.531 
0 . m  
0.332 

cP 
0.  4 4 s  
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 !. 9449 
2.3468 

0.8787 
1.2459 
1.6631 
1.0973 
2.5298 

0.9215 
1.3714 
1.8270 
2.1875 
2.7523 

CTwet 

0 .  i54a 
0.077 1 

0.2292 
0.2990 
0.3656 
0.4301 
0.49oa 

0.1374 
0.21G9 
0.21314 
0.3581 
0..4235 

0.1259 
0.2059 
0.2819 
0.3531 
0.4217 

0.1200 
0.2025 
0.2807 
0.3542 
0.4265 

0.119: 
3.2063 
0 . 3 4 5  
0.3601 
0.4328 

0.1240 
0.2114 
0.2933 
0.3706 
0.4443 

’Net 
0.657 
0.788 
0.827 

0.827 

0.802 

0.753 
9.810 

0.833 

0.817 

0.822 
0.823 

0.7~ 

0.811 

0.812 

0.790 

0.812 
0.805 

0.745 
0.771 

0.301 
0.799 

0.665 
0. 754 
0. 784 
0.790 
0.789 

0.650 
0.740 
0. 7 i l  
0.770 
0.776 

0.798 



SP13A77 
W I L T O H  STANDARD G u*rm 

T U L E  VI11 

SLIPSTREX! CURACfERfSTfCS 

J CP 
0.4 0.2 

0.4 
0.6 
0.8 
1.0 
1.2 

0.6 0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 

0.8 0.2 
0 .4  
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 

1.0 0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 

1.2 0.2 
0.4 
0.6 
0. a 
1.0 
1.2 
1.4 
1.6 
1.8 

4 
24.40 
30.95 
33. SO 
35.50 
37.15 
3a. co 

16.10 
21.30 
20.90 
27.20 
29.10 
30.70 
32.00 
33.10 

10.00 
15.30 
18.55 
20.80 
22.75 
24.50 
26.00 
27. b 5  

6.40 
10.70 
13.75 
16.10 
18.10 

21.20 
22.60 
24.35 

19.80 

4. 70 
7.93 

10.55 
12.55 
16. 30 
15.90 
17.10 

19.74 
18. ( i i~  

AVIV f 

0.1132 
0.1223 
0,1245 
0.1260 
0.1228 
0.1210 

0.0852 
0.1030 
0.1131 

0.1212 
0. !233 
0.1245 
0.1251 

0. : iai 

0.059: 
0.08 :3 
0.0950 
0.1030 
0.1085 
0.113 
0.1160 
0.118s 

0.0360 
0.0605 
0.0772 
0.0867 
0.0933 

0.1032 
0.1070 
0.1099 

0. 05188 

0 12$0 
0.OG35 
0.0594 
0.0701 

0.0850 
0.0906 
0.095: 
0.0995 

0.078 1 

1.6 

1.6 

1.8 

2.0 

cp  
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 

0.2 
0.4 
0.6 

1.0 
1.2 
1.1 
1.6 
1.8 
2.0 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
l . L  
1.6 
1.8 
2.0 
2.2 

0.8 

0 
3.50 
6.10 
8.23 

10.10 
11.70 
13.18 
14.50 
15.70 
16.70 

2.53 
4.73 
6.53 
8.20 
9.62 
lC.98 
12.22 
13.40 
14.A5 
15.40 

2.03 

5.36 
6.77 
8.10 
9.33 
10.50 
11.6i) 
12.57 
13.52 

3.83 

1 . i O  
3.15 
6.50 
5.78 
6.97 
8.05 
9.13 
10.13 
11.02 
11.00 
12.63 

AV/v 

0.0336, 
0.0474 
0.0585 
0.067C 
0.0732 
0.0786 
0.0834 
0.8800 

0. niso 

0.0143 
0.0268 
0.038h 
0.0485 
0.0509 
0.063; 
0.0689 
0.0736 
0.0779 
0.0820 

0.0116 
0.0223 
0.0330 
O.OL13 
0.0090 
0.0553 
0.0603 
0.0650 
0.0695 
0.0733 

0.0102 
0.0193 
0.0290 
0.0363 
O.OL31 
0.0LOrc 
0.05L' 
0.0503 
0.0638 
0.0678 
9.3715 

1 
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J c p  
2.2 0.2 

0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 

2.k 0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 

2.0 
2.2 

1.8 

2.6 0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 

2.8 0.2 
0.4 
0.6 
0.3 
1.0 
1.2 
1.4 
1.6 

2.0 
1.8 

6 

1.40 
2.70 
3.90 
4.98 
6.02 
7.03 
8.00 
8.92 
9.92 
10.69 
11.48 

1.22 
2.30 
3.32 
6.30 
5.28 
6.23 
7.13 
8.00 
8.83 
9.60 
10.32 

L.03 
2.03 
2.90 
3.78 
4 . 6 3  
S.50 
6.35 
7.20 
8.03 
8.80 
9.50 

0.83 
1.66 
3.00 
3.33 
4.16 
rC.99 
5.82 
6.66 
7 .LS  
8 . 3 2  

2 . 2  9.15 

TABLE VfIX (Cont) 

AVIV 

0.0092 
0.0170 
0.0243 
0.0310 
0.0375 
0.0432 
0.0482 
0.0530 
0.0573 
0.0615 
0.0655 

0. ooaz 
0.0145 
0.0205 
0.0263 
0.0319 
0.03i2 
0.0425 
0.0473 
0.0520 
3,0563 
0.0602 

0.0072 

0.0182 
0.0237 
13.0333 
0.0338 
0.0385 
O.OG33 
0.0478 
0.0523 
0.0568 

0.0015 
0.3115 
0.0168 
0.0219 
O.07-5i 
0.0312 
0.0359 
O.OL02 
O.OLA5 
0.OS83 
0.0531 

o m 2 2  

J %  6 

3.0 0.2 0.75 
0.4 1.50 
0.6 2.25 
0.8 3.00 
l.@ 3.75 
1.2 4.50 
1.4 5.25 
1.6 6.00 
1.8 6.75 
2.0 7.50 
2.2 8.25 

3.2 0.2 0.70 
0.4 1.40 
0.6 2.09 
0.8 2.78 
1.0 3 . u  
1.2 s.18 
1.4 4 . 8 7  
1.6 5.57 
1.8 6.16 
2.0 6.96 
2.2 7.66 

3.4  0.2 
0.4 
0.6 
0.3 
1.0 
1.2 
1.4 
1.6 

2.0 
2.2 

1.8 

0.65 
1.30 
1.96 
2.61 
3. f6  
3.91 
4.56 
5 . 1 2  
5.37 
6.52 
7.17 

3.6 0.2 0.60 
0.4 1.23 
0.6 1.30 

1.0 3.00 
1.2 3.60 
1.4 S.20 
1.6 S.80 
1.8 5.60 
2.0 6.00 
2.2 6.69 

0.8 2 . a  

0.0059 
0.0105 
0.0152 
0.0199 
0.0261 
0.0282 
0.0325 
0.0349 
0.0s 10 
0. c:49 
0.0488 

0.0052 
O.OC95 
0.01so 
0.0195 
0.0227 
0.0263 
0.0302 
0.0342 
0.0370 
0.0418 
0.0455 

0.0045 
0. OOSS 
0.0129 
0.0169 
0.0709 
0.0x5 
0.0282 
0.03l9 
0.0352 

0.0420 
0.0389 

0.11019 
O.S07? 
(3.011s 
13.0153 
0.0192 
0.0225 
0.0353 
0.0’02 
o.il.322 
0.0355 
0.030 ; 



TABLE V I 1 1  (Cont) 

r P 
3.8 0.2 

0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 

J 0 
G. 56 
E. 12 
1.68 
2. 24 
2.80 
3.36 
3.92 
4 48 
5.04 
5.60 
6.16 

AVIV 

0.0033 
0.00 58 
O . O i C 3  
0.0137 
0.0170 
0.0200 
0.0232 
0.0263 
0.0292 
0.0320 
3.0345 

4.2 P.2 0.46 0.9028 
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 

2.2 5.10 0.0308 
2.0 4.64 0.0285 

4.6 0.2 
0.4 
0.6 
0.8 
!. . 0 
1.2 
1.4 
1.6 
1.8 
2.0 
t.  2 

0.40 
0.79 
1.19 
1.58 
' .98 
2.38 
2.77 
3.17 
3.56 
3.96 
4.36 

0.0@24 
0.0352 

0.0108 
0.0132 
0.0155 

0.0203 
0.0223 
0.0243 
0.0262 

0. ooao 

0.0182 
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SP14A 77 

PROP-FU- PERFORMANCE ESTLWTION 

This data package provides  Prop-Fan Performance i n  a non-dimen- 
s i o n a l  c o e f f i c i e n t  format which p e n a i t s  the user t o  estimate 
performance over a broad range of opera t ing  condi t ions.  The 
data is presented i n  t abu la r  form fo r  ease of computer appl ica t ion .  

The performance is presented i n  terms of n e t  t h r u s t  c o e f f i c i e n t  
(bet) as a funct ion  of power c o e f f i c i e n t  ($1 f o r  cons tan t  values  
of advance r a t i o  (J). The following t a b l e s  are Included: 

I Mach Number <.51 
I1 Mach Number -0.55 
I11 Mach Number mO.60 
IV Mach Number 10.65 
V Mach Number m0.70 
VI Mach Number -0.75 
VI1 Mach Number =0.80 
VI11 Slipstream Characteristics 

The 0.55 t o  0.86 Mach number t a b l e s  also include a t abu la t ion  of 
qet e f f i c i ency  ("et) t o  a l low f o r  a v i s u a l  es t imat ion  of 
performance level. 

The ma-dimeasional c o e f f i c i e n t s  are defined In engineering terms 
as English U n i t s :  

101.4 M, CK 101.4 V 

m ND 
J- 

where: Tm = Uninstal led Prop-Fan ne t  t h r u s t ,  pounds 

I = Prop-Fan r o t a t i o e a l  speed, rpm 

D = Prop-Fan t i p  diameter,  f e e t  

. 

pC/p = Density r a t i o ,  sea level I S X  to ambient condi t ions  
(po=0.002378 Lb-sec2/f t') 

1 



- Free stream Mach number - Speed of sound, knots % 
V = Free stream veloc i ty ,  tNe a i rspeed ,  knots 

-re: Nb = (TS) (60)/t 

TS = Tip speed , f t  p e r  second 

Q = Average swirl angle,  degrees 

LV = heremental induced axial velocity m e d i  

SP14A7f 

e l y  behind disk, krw 

T e  309 .2  ("f 2 2  D (Po/Q) 
1000 

where Kw power, kilowatts 

Tm = Uninstal led Prop-Fan ne t  t h r u s t ,  newtons 

I = ProF Fan Rotat ional  Speed, RPM 

D = Prop-Fan Dianeter, Meters 

p o l o  = Density r a t i o ,  sea l e v e l  I S A  t o  ambient condi t ions 

M, 

QS - Speed of sound, metsrs pe r  second 

V 

4 

- Free stream Mach amber 

= Free strean veloc i ty ,  meters pe r  second 

- Average swirl angle  degrees 

B 

2 



SP14A 77 

AV - Incremental azdal induced ve loc i ty  immediately behind d isk ,  
meets  per  second 

TS - cip speed, ateters per second 

The Wet Thrust (TNET)'~ is the un ins t a l l ed  t h r u s t  of t he  Prop-Fan r o t o r  
operating in t h e  presence of a nacelle. The buoyancy force  between :he 
rotor and uacelle face  has been renoved from t h e  r o t o r  t h r u s t ,  and there- 
fore it should Dot be included in t h e  nacelle drag. I n s t a l l e d  propuls ive 
thrust is obtained by adding the  uninstalled ne t  t h r u s t  (Tm) t o  t h e  
core -ne j e t  t h r u s t  aruf then subctac t ing  t h e  drag of t he  nacelle a d  
the losses due t o  nacelle/wing in te r fe rence .  

The s l ips t ream characteristics are also presented In tabular form. 
Average swirl angle (3)  and incremental  ~ x i a l  induced ve ioc i ty  inmediately 
behind t h e  disk ave r  freestream v e l o c i t y  (dV/V) are presenccd as a func t ion  
of pover c o e f f i c i e n t  (5) f o r  given values of advance racio (J). Theoreti-  
cally the induced axial ve loc i ty  doubles i n  t h e  ultimate wake vhich is 
approximately tvo diameters downstream. 

3 
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SAMPLE PROBtEMs 

English Units 

Given: 

Select  the diameter required for an: 

5609 Ib i n s t a l l e d  thrust required at 0.80 Mach number a t  35,000 f t . ,  ISA 

S13P/D2 of 37.5 for  a 10 bladed Prop-Fan operating a t  800 f e e t  per 
second t i p  speed 

(37.5) (3.2196) 

(20) (1,5279)3 
I 

- 1,692 

- (101.4) (0.80) (576-3) / (15,279) 

= 3,060 

'%et = 0.158 (Table VII) 

met (0,4581 (3.060) = Om828 
" N e t  - J 

1.692 CP 

and T N e t  = 66.1 (D)' (N?l/10000)2 / ( p o l s )  - 
= 21.951 D2 

66.1 !D)' (1.5274)? (0.458) / (3.2196) 

For the engine se lected ,  ca lculate  a diameter such that: 

Net Thrust + J e t  Thrust - Nacelle Drag - Wing Int. Drag = 5409 lbs 

This is an i t e r a t i v e  process. 



For examp:.e: 

Diameter = 15.56 f e e t  

Tuet = 5315 pounds 
- _ _ - - - - _ - - - - _  

T j e t  = 4-408 pounds 

= -209 pounds Dnacelle 

= -105 pounds Din te r f  - 
T i n s t a l l e d  5609 Pounds 

SHP - (SHP/DZ) D2 = (37.5) (15.5612 = 9079 

For takeoff,  climb, l o i t e r  and o the r  performance points  a t  Mach numbers less 
than 0.55, u t i l i z e  t a b l e  I. 

For example, f o r  the 10 bladed / 15.56 foot  diameter Prop-Fan c a l c u l a t e  the 
paver required f o r  a n e t  t h r u s t  of 20,630 pounds a t  0.25 Mach number a t  Sea 
Level, f S A  a t  800 f e e t  per  second t i p  s?eed. 

Calculate:  - J = (101.4) (Mo) (k) 1 ND - (101.4) (0.25) (661.2) / 15279 

- 1.097 
CTNet = ( T N ~ ~ )  ( p o l p )  / 66.1 (ND/10,000)2 D2 - (20,630) (1.0) / 66.1 (1.5279)' (15.56)' 

= 0.552 

From Table I Cp = 0.984 

= 17,000 

5 
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SI u n i t s  

Given: 24,040 Newtons of i n s t a l l e d  t h r u s t  a t  0 .80  Mach number a t  10,668 
merers ISA a l t i t u d e  

Se lec t  the diameter required f o r  a: 

WID2 = 301 KW/m2 for a 10 bladed Prop-Fan operat ing a t  243.84 mps 
t i p  speed 

Calculate:  ND = ( 2 4 3 . 8 4 )  ( 6 0 )  / r = 4657 

(KW/D2) (PO/P) 

(301) ( 3 . 2 1 9 6 )  

5.674 ( 4 . 6 5 7 ) 3  
= 

= 1.692 

J ( 6 0 )  W) (Cm/s) 
ND 

- 3.06 t (60)  ( 0 . 8 )  ( 2 9 6 . 4 8 )  

4657 

‘%let - 0.458 (Table VII) 

= 340.12 (4 .65712  ( D 2 )  ( 0 . 4 5 8 )  I 3.2196 

TNet = ( 1 0 5 0 . 2 )  (D2) 

For the engine se l ec t ed ,  c a l c u l a t e  a diameter such t h a t :  

N e t  Thrust + Jet Thrust - Xace1J-e Drag - Wing In t .  Drag = :GO40 Xewtons 

This is an i t e r a t i v e  process. 

6 
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For example: 

Diameter = 4.743 meters 

Tne t 

T j e t  

- - e - - - - - - - - - - -  

= 23622 newtons - +1815 newtons - -930 newtons 

= -467 newtons 

= 24040 newtons 

Dnacelle 

Dinterf - 
t a l l e d  

KW (KW/D2) (D2) (301) (4.743)2 = 6771 

For takeoff ,  climb, l o i t e r  and o the r  performance poin ts  f o r  Mach Numbers less 
than 0.55, u t i l i z e  t a b l e  I which covers the  low advance r a t i o  range of operation. 

For example, f o r  t he  10 blade, 4.743 meter diameter  Prop-Fan, ca l cu la t e  the 
power required f o r  a n e t  t h r u s t  of 91762 newtons a t  0.25 Mach number a t  Sea 
Level, ISA a t  a 243.84 meters p e r  second t i p  speed. 

Calculate:  - J = (60) (Mo) (Cm/s) / ND - (60) (0.25) (340.2) / 4657 

= 1.G96 

 et = (Tnet) (PO/P)  / 340.42 (ND/1000)2 D2 

= (91762) (1) /340.42 (4.65712 (4.74312 

= 0.552 

Frm Table I -Cp = 0.984 

RW = 5.674 ~ N D / ~ O O O ) ~  D~ cp  / (po/o)  - 5.674 (4.65713 (4.74312 (0.984) / 1.0) 

= 12686 

7 
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0 0,1073 
0.1519 
0.2072 
0.2723 
0.3442 
0.4238 
0.5118 
0.6085 
0.1091 
0.7996 
0.8969 
0.9702 
1.0395 
1.0843 
1.1306 

0.2 0.1000 
0. 2000 
0.3000 
0.4000 
0.5000 
0.6000 
0.7000 
0.8000 
0.9000 
1.0000 
1.1000 

0.4 0.0819 
0.1322 
0.1976 
0. 2775 
0.3700 
0.4778 
0.6045 
0. 7499 
0.9062 
1.0752 
1 . 2 4 5 2  
1. A30A 
1.5965 

TABLE I 
uw- - 

< 0.55 NACH NUMBER 

CTNe t 
0.2062 
0.2675 
0.3288 
0.3872 
0. 4401 
0.4860 
0.5237 
0.5528 
0.5709 

0.5866 
0.5733 
0.5565 
0.5300 
0.4983 

0. 5812 

0.1650 
0.2960 
0.3890 
0.4665 
0.5205 
0.5685 
0.5980 
0.6255 
0. a00 
0.6695 
0.6800 

0.1147 
0.1831 
0.2572 
0.3332 
0.4085 
0.4813 
0.5490 
0.6050 
0.650 1 
0.6970 
0.?328 
0.7700 
0.7712 

J c p  
0.6 0.0629 

0.1213 
0.1967 
0.2874 

0.5108 
0.6491 
0.807s 
0.9778 
1.1586 
1.3470 
1.5456 
1.7334 

0.3917 

0.8 0.0932 
0.1807 
0.2847 
0.4039 
0.5367 
0.6985 @. 8619 
1.0483 
1.2445 
1.6527 
1.6619 

1.9100 
I. 7303 

1.0 0.0408 
0.1493 
0.2699 

0. SS72 
0.7251 
0.9157 
1.1207 
1.3377 
1.5661 
1.8015 
1.8902 
1.9849 
2.0763 

0.W7 1 

J ‘TNe t 

0.0657 1.2 
0.1397 
0.2148 
0.2986 
0.3780 
0.4548 
0.5266 
0.5912 
0.6626 
0.6789 
0.7152 
0.7537 
0.7664 

0.0864 
0.1716 
0.2576 
0.3626 
0.4246 
0.5012 
0.5701 
0.6285 
0.6726 
0.7022 
0.7296 1.6 
0.7435 
0.7494 

1.4 

0 . o w  
0.1196 
0.2132 
0.3046 
0.3929 
0.4750 
0.5488 1.8 
0.6107 
0.6625 
0.6985 
0. :219 
0.7283 
(1. 734; 
0.736; 

CP 
0.1036 
0.2415 
0.4031 
0.5746 
0.7622 
0.9728 
1 2006 
1.4626 
1.6937 
1.7972 
1.9012 
2.0043 

0. W65 
0.2120 
0.3ci2 
0.5928 
0.9040 
1.0387 
1.2947 
1.5635 
1.8381 
2.1251 

0.1767 
0.3888 
0.6166 
0.8570 
1.1211 
I. 4086 
1.7063 
2.0114 
2.3277 

0.1451 
0.3912 
0.6537 
0.P280 
1.2265 
1.547Q 
1.8784 
2.217: 
2 . 5 6 7 4  

0.0663 
0.1685 
0.2678 
0.3625 
0.4506 
0.5296 
0.5957 
0.6523 
0.6933 
0.7052 
0.7129 
0.7185 

0.0150 
0.1263 
0.234 1 
0.3358 
0. 4300 
0.5148 
0.5859 
0.6451 
0.6866 
0. 7122 

0.0806 
0. 20b3 
0.3150 
0.5150 
0.5061 
0.5816 
0.6415 
0.6838 
0.7085 

0.0610 
0.1861 
0.302A 
0.4098 
0.5053 
0.5823 
0.6A23 
0. b839 
0.7053 

9 



J c p  
20@ 0.1249 

0.2331 
0.3579 
0.4692 
0.5902 
0.7124 
0.836 1 
0,9621 
1.0913 
1.2239 
1.3608 
1.5037 
1.6486 
1.7924 
1.9398 

2.2 0.0616 
0.1896 
0.3208 
0.4547 
0.5917 
0.7308 
0.8705 
1.0119 
1.1558 
1.3034 
1.4549 
1.6121 
I. 7751 
1. 9350 

2.4 0.1553 
0.3047 
0.4582 
0.6109 
0.7682 
0.9259 
1.0846 
1.2456 
1.4103 
1.5791 
1.7553 
A. 9344 

TABLE I (Cont) 

10 BLADED PROP-)AN PERFORMANCE 

< 0.55 MACH NUMBER 

CTNat 
0.0426 
0.096b 
0.1498 
0.2019 
0.2517 
0.2997 
0.3462 
0.3911 
0.4338 
0.4740 
0.5114 
0.5659 
0.5765 
0.6024 
0.6265 

0.0069 
0.0652 
0.1221 
0.1778 
0.2318 
0.2327 
0.3319 
0.1793 
0.4246 
0.4669 
0.5066 
0.5426 
0.5755 
0.6021 

0.0433 
0.1038 
0.1629 

0.2741 
0.3259 
0.3756 
0.4231 
0.4675 
0.5089 
0.5463 
0.5800 

0.2285 

J c p  
2.6 0.1414 

0.3106 
0.4823 
0.6559 
0.8327 
1.0099 
1.1879 
1.3683 
1.5520 
1.7401 

1.1356 
le9341 

2.8 0.1356 
0.3463 
0.5394 
0.7342 
0.9323 
1. I307 
1.3298 
1.5310 
I .  7363 
1.9462 
2.1626 
2.3866 

3.0 0.2062 
0.4199 
0.6363 

1.0752 
1.2961 
1.5182 
1.7427 
1.9716 
2.2061 

0.8541 

3.2 0.3016 
0.5403 

1.0244 
1.2697 
1.5151 
1.7618 
2.0120 
2.2674 

0.7812 

QN,t 
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 
0.4152 
0.4920 
0.5319 
0.5728 
0.6061 

0.0439 
0.1135 
0.1808 
0.2453 
0.3051 
0.3626 
0.4173 
0.46P5 
0.5l.55 
0.5579 

0.0677 
0.1393 
0.2082 
0.2736 
0.3347 
0.3931 

0.&99? 
0.5452 

0.44az 

s ~ 1 4 A 7 7  
Revision A 
2/28/70 
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SP14AT7 
Revision A 
2/28/78 

TABLE 11 

10 W E D  PROP-FAN PERFORMANCE 

0.55 MACH NUMBER 

J c , c  *Net Net J c ,  
2.0 

2.2 

0.s315 
0.6497 
0.7716 
0.8969 
1.0250 
1.1566 
1.2902 
1.4260 
1.5640 
1.7039 
1.7638 

0.5199 
0.6512 
0.7860 
0.9240 
1.0650 
I .  2090 
1.3555 
1.5645 
1.6558 

0.3923 - 

1. a390 

2.4 0.3539 
0.5265 
0.6728 
0.8227 
0.9759 
1.1322 
1.2916 
1.4537 
1.6182 
1.7851 

2.6 0.2408 
0.3964 
0.5561 
0.7197 
0.8869 
1.057s 
1.2313 
l.LO81 
1.5877 
1.7701 

0.2317 
0.2796 
0.3258 
0.37 13 
0.4 156 
0.4587 
0.5000 
0.5406 
0.5792 
0 . 6 1 3  

0. u 3 9  
0.5820 

0.2071 
0.2580 
0.3067 
0.3541 
0. GO05 
0.444 
0.4886 
0.5301 
0.7516 
0.6089 

0.1360 
0.1917 
0.2456 
0.2970 
0.3466 
0.3949 
0.44 19 
0.4869 
0.5301 
0.5729 

0.0674 
0.1278 
0.1863 
0.2428 
0.2967 
0.3484 
0.3987 
9.4475 
0.4912 
0.5389 

0.872 
0.860 
0.854 
0.828 
0.811 
0.792 
0.775 
0.759 
0.760 
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 

0.728 
0.839 
0.871 
0.877 
0.870 
0.857 
0.842 
0.826 
o <  so3 
0.792 

2.8 0.2617 
0.4364 
0.6152 

0. 9846 
1.1745 
1.3678 
1.5642 
1.7638 
1.9470 

0.7980 

3.0 0.3151 
0.5109 
0.7109 
0.9149 
1.1226 
1.3340 

1.7672 
1.9896 
2.2139 

1.5489 

3.2 0.1943 

0.6281 
0.8513 
1.0737 
1.3100 
1.5451 
1.7837 
2.0255 
2.2704 
2.5177 

0.4086 

3.4 0.3116 
0.55 10 
0.7951 
1.0135 
1.1963 
1.5530 
1.5134 
2.0774 
2.3442 
2.6136 

0.0669 
0.1300 
0.1909 
0.2496 
0.3057 
0.3594 
0.4115 
0.1620 
0.5101 
0.5564 

0.0772 
0.1427 
0.2os5 
0.2661 
0.3240 
0.3795 
0.6333 
0.L8Sl 
0.5345 
0.58 16 

0.0191 
0.0983 
0.1661 
0. i ?@3 
0.2926 
0.3518 
0.4090 
0.4641 
0.5165 
0.5663 
0.6168 

0.0592 
0.130h 
0.1994 

0.3290 
0.3883 
0.6470 
0.5031 
0.555 1 
0. bo50 

0.2648 

' Net 

0. 7 15 
0.835 
0.868 
0.876 
0.869 
0.857 
0.843 
0.827 
0.8 10 
0.792 

0.735 

0.867 
0.873 

0.854 
0.840 
0.923 
0.806 
0.788 

0. a39 

0.166 

0.479 
0.770 
0.846 
0.8tlO 
0.868 
0.859 
0.54; 
0.833 
0.816 
0.798 
0.782 

0.645 
0.905 
d.853 
0.863 
0.360 
0.851 
0.338 
0.523 
0.905 
0. -37 



J c p  
2.2 0.5330 

0.6682 
0.8072 
0.9494 
1.0949 
1.2634 
1.3946 

1.7041 
1.8621 

1.5492 

2.4 0.3910 
0.5366 
0.6862 
0.8396 
0.9965 
1.1565 
1.?19!? 
1.4856 
1.6541 
1.8249 

2.6 3.2441 
0.4024 
0.5649 
0.7315 
0.9018 
1.0757 
1.2529 
1.4331 
1.6!63 
I .  8022 

2.8 o . m a  
0.4422 
0.6236 
0.8096 
0.9991 
1.1923 
1.3897 
1.5897 
I. 7927 
1.9987 

TABLE I11 
10 BLADED PROP-FAN PERFORMANCE 

0.60 MACH WER 

(+Net 
0.2122 
0.2642 
0.3140 
0.2J24 
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 

0.068C 
0.1300 
0.1893 
0.266'1 
0.3012 
0 'F37 
0. d47 
0.4540 
0.5013 
0.5465 

0.0680 
0,1320 
0.1936 
0.2531 

0.3642 
0.4172 
0.4683 

0.S632 

0.3098 

0.5 163 

rl Net J 

0. a56 

0. a23 

0.876 3.0 
0.870 

0.840 

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 
0.873 
0.868 
0.855 
0.840 
0.823 
0.806 
0.788 

0.719 
0.836 
0.869 
0.875 
6.868 
0.855 
0.841 
0. d 2 4  
0.807 
0.789 

cp 
0.3191 
0.5177 
0.7207 

1.1388 
1.2535 
1.5718 
1.7936 

2.2463 

0.9278 

2.0185 

3.2 0.1965 
O.bl37 
0.6355 
0.8618 
1.0913 
1.3269 
1.5654 
1.8075 
2.0532 
2.3016 
2.5526 

3.4 0.3146 
0.5571 
0.8043 
1.0560 
1.3122 
1.5724 
1.8365 
2,1050 
2.3755 
2.6488 

3.6 0.2232 
0.4879 
0.7578 
1.0325 
1.3118 
1" 5955 
1.8831 
2.1755 
2. 4698 
2.7671 

CTNIC 

0. iboa  
0.0784 

0.2084 
0.2697 
0.3282 
0.3844 
0.4389 
0.6909 
0.5406 
0.58ai 

0.0277 
0.0977 
0.1682 
0.2331 
0.2960 
0.3559 
0.4132 
0.6695 
0.5222 
0.5724 
0.6216 

0.0600 
0.1320 
0.2018 
0.2678 
0.3326 
0.3925 
0.4578 
0.5085 
0.56G9 
0.6!13 

0.0253 
0.1009 
0.1745 

0.3128 
0.3762 

0.L981 
0.5535 
0,6060 

0.24~8 

0.1387 

SPl4A37 

' N e t  
0.737 
0.839 
0.867 
0.872 
0.865 
0.852 
0.838 
0.821 
0.803 
0.786 

0.683 
0.772 

0.866 
0.847 

0.868 
0. 858 

0.831 
0.816 

0.816 

0.796 
0.779 

0.648 
0.806 
(3.853 
0.862 
0.860 
0.850 
0.837 
0.821 
0.803 
0.785 

0.006 
0. 744 
0.829 
0.853 
r,. 856 
0.850 
0.839 
0.824 
0.807 
0. i 8 8  

11 



J 
2.6 

2.6 

2.8 

3.0 

cP 
0. GO14 
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 
1.285; 
1.4706 
1.6591 
1.8502 
2.0441 

0.2695 
0. 0507 
0.6363 
0.8262 
1.0201 
1.2117 
1 .A188 
1.6233 
1.8309 
2.0417 

0 . 3 3 8  
0.5260 

0.9438 
I .  1589 
1.3777 
1.6004 
1.8265 
2.0564 
2.2886 

0. i 3 3  

TABLE IV 
10 BLADED PROP-FAN FLIC,’PM~WCE 

0.65 MACH !JIMBER 

cTHc t 
0.1430 
0.2012 
0.2572 
0.3106 
0.3623 
0.4128 
0.4613 
0.5078 
0.5523 
0.5966 

0.0705 
0.1333 
0.1937 
9.2522 
0.2522 
0.3616 
0. 4137 
0.4636 
0.5117 
0.5576 
0.6033 

0.0696 
9.1350 
0.1975 
0.2581 
0.3157 
0.3710 
0.4247 
0.0762 
0.5254 
0.5724 

0.0799 
O.liC7S 
0.2119 
0.27G1 
0.3334 
0.3004 
O.bA57 
0 .  A983 
0.5486 
0.5967 

t~ Net 
0.856 
0.875 
0.874 
0.862 
0 .84 t  
0.830 
0.813 
0.794 
0.77? 
0.759 

0.737 

0.872 
0.876 
0.876 
0.852 
0.837 
0.820 
0.802 
0.784 
0.767 

0. a u  

0.723 
0.839 
0.869 
0.875 
0. 367 
0.953 
0.838 
0.821 
0.804 
0,786 

0.700 
0.8Sl 
0.867 
0.071 
0.863 
0.950 
0. $36 
0.318 
0.800 
0.783 

J 
3.2 

3.4 

3.6 

3.8 

12 

cP 
0.1988 
0.4195 
3.6449 
0.8750 
1.1090 
1.3481 
1.5007 
1.8370 
2.0875 
2.3A04 

0.3184 
0.5644 
0.8154 
l,C71i 
1.331: 
1.5956 
1.8639 
2.1369 
2.4119 

0.2255 
0. A940 

1.0072 
1.3308 
1.6188 
1.9108 
2.?06A 
2.5053 

0.0369 
0.7153 
1.0389 
1.3h75 
1.0608 
1.P781 
2.299’  
2.0237 
2.951: 
3.2811 

0.7654 

CTN€!t 
G. 0303 
0.1014 
0.1708 
0.2367 
0.3000 
0.3610 
O.Gi96 
0.A760 
0.5292 
0.5709 

0.0610 
0.1340 
0.2046 
0.2716 
0.3370 
0.3989 
0.6576 
0.5146 
0.5676 

0.0358 
0.1024 
0.1770 
0. ?A81 
0.3170 
0.3811 
0. b U A  
0.5040 
0.5597 

0.0765 
O.ljA6 
0. ‘“8 
0.3005 
0.3637 
0.L346 
0.b966 
0 . 5 5 6 5  
0.61!1 
0.665:, 

SP 14A t? 
Revision A 
2 /28 /76  

i 
!kt 

0. A38 
0.77: 
0.308 
0.365 
0.862 
0.897 
0.94; 
0.929 
0.811 
0.793 

0.651 
0.308 
0.853 

0.859 
0. S b i  
0.835 
0.810 
0.800 

0.a12 
0. 4 6  

0.853 
0.555 
0. 84s 
0.837 
0.322 
0.904 

0.66b 
0.799 
0.841 
0.845 
0.8A5 
0.836 
0.JZA 
9. YO6 
0.79; 
0.771 

0.86: 

< . a 2 9  



TABLE V 
10 BLADED PROP-FAN PERFOKXKYCE 

0.70 MACH m E  

2 . )  0.4236 
0.5966 
0.7743 
0.9560 
1.1418 
I .  3312 
L.5250 
1.7209 
1.9198 
2.1213 

2.8 0.2758 
0.1623 
0.6536 
0.8696 
1.0497 
1.2538 
1. $615 
1.628 
1.8871 
2.1046 

3.0 0.3305 
0.5378 
0.7499 
0.9668 
1. I877 
1.L126 
1.6414 
1.8737 
2.1094 
2.3485 

3.2 0.2019 
0.A27b 
0.6581 
0.8933 
I. 1333 
1.3776 
1.6160 
1.9783 
2.1339 
2.3936 

0.1379 0.847 
0.2007 0.872 
0.2605 0 .874  
0 . 3 1 7 3  0.863 
0.3724 0.848 
0.4260 0.832 
0.4774 0.814 
0.5263 0.795 
0.5738 0.777 
0.6192 0.759 

0.0718 
0 .1388  
0.2030 
0.2650 
0.3238 
0.3805 
0.4355 
0.4879 
0.5379 
0.5863 

0.0821 
0.1571 
0.2168 
0.2806 
0.3408 
0.3990 
0.4553 
0.5085 
0.5594 
0.7751 

0.0312 
0.1037 
0.1746 
0.2416 
0 3064 
0.3680 
O . i l i 4  
0. A850 
0.5384 
0.5898 

0.129 
0.842 
0.869 
0.873 
0.864 
0.850 
0.834 
0.81; 
0.798 
0.781 

0.745 
0.843 
0.867 
0.871 
0.861 
0.847 
0.832 
0.314 
0.7O6 
0.778 

0.495 
0 . 7 ? 7  
0.849 
0.865 
0.865 
0.855 
0.841 
0.326 
0 .a01 
0.789 

J CP 

3.4 0.3236 
0.5745 
0.8396 
1.0915 
1.3572 
1.6272 
1.901: 
3.1788 
2.4607 
2.7442 

3.6 0.2288 
0.5020 
0.7807 
1.06&7 
1.3535 
1.6A81 
I. 5458 

2.5517 
2 .a592 

I ,  -. . L.2:i A 

3.8 0.A436 
0.7470 
1.0559 
1.3699 
1.6887 
2.011i  
2.3385 
2.6689 
3.0022 

4.0 0.AOLO 
0.7309 
1.0665 
1. GI374 
I. i531 
2 .lo32 
? . A 5 7 3  
2 3 1 5 3  
3.138 

"-'Net 

0.0623 
0.1367 
0.2085 
0.2765 
0.3429 
0.4059 
0. $653 
0.2226 

0.6288 
0.4753 

0.0265 
0.1043 
0.1801 
0.321 
0.3219 
0.3871 
0 A501 
G.ZiL7 
0.5627 
0.6213 

0.0779 
3.152? 
0.2335 
0.3065 
0 .37 i3  
0.i; 3 
0.50b7 
u .5638 
0.6189 

0.0572 
0.1kOO 
0.2196 
0. 29b5 
0.3676 
0.j358 
0.5030 
0.333 
0.6210 

SP11A:: 
Revision A 
2/28/75 

' Net 

0 . 6 5 5  
0.809 
0.853 
0.861 
0.857 
0. P l r 5  
0 .a33 
0.815 
0.296 
0.779 

0.416 
0.748 
0.830 
0.853 
0.855 
0.847 
0.836 
9.820 
0.801 
0.783 

0.608 
0.800 
0.940 
0.846 
0.8Lti 

0.320 
0.803 
0 .?83 

0.831 

0.571 
0.766 
0.373 
0.831 
0.931 
0.530 
0.313 
0.902 
0. :8' 
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SP1.W 77 

TABLE V (Cont) 

IO BLADED PROP-FAN PERFORMANCE 

0.70 MACH NUHBER 

J CP cTNe t ' Net 
4.2 0.3785 0.0423 

(2.7366 0.1285 
1.1007 0.2109 
1.4702 0.2893 
1.8446 3.3652 
2.2236 0 .4357 
2.6067 0.50A 
2.9939 0.5686 

0.470 
0.733 
0.805 
0.826 
3.829 
0.824 
0.813 
0.798 

14 
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TABLE V I  

10 BLADED PROP-FAN PERFORMANCE 

0.75 MACH NUMBER 

J Ce 

2.9 0.2845 
0.4788 
0.6785 
0.8831 
1.0926 
1.3059 
1.5233 
1.7443 
1.9687 
2.1962 

3.0 0.3400 
0.5549 
0.7750 
1.0000 
1.2295 
1.4632 
1.7010 
1.9424 
2.1871 

t 

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 
0.2896 
0.3514 
0.4110 
0.4689 
0.5231 
0.5749 

3.2 0.6389 0.1071 
0.6768 0.1797 
0.9198 0.2485 
1.1677 0.3148 
1.4202 0.3779 
1.6770 0.4378 
1.9377 0.4970 
2.2019 0.5515 

3.4 0.3307 0.0642 
0.5885 0.1404 
0.8517 0.2136 
1.1203 0.2833 
1.3936 0.3511 
1.6715 0.i143 
I. 9535 0.4759 
2.2391 0.5335 
2.5292 0.5884 
2.8208 0.6618 

'Net 

0.738 
0.845 
0.869 
0.871 
0.860 
0.845 
0.828 
0.809 
0.790 
0.773 

0.751 
0.865 
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 
O.bll 
0.853 
0.860 
0.854 
0.843 
0.828 
0.810 
0.791 
0.774 

J CP 
3.6 0.2329 

0.5428 
0.7985 
1.0898 
1.3861 
1.6872 
1.5960 
2.3032 
2.6157 
2.9312 

3.8 0.4523 
0.7626 
1.0787 
1.4002 
1.7266 
2.0573 
2.3920 
2.7303 
3.0715 

4.0 0.4085 
0.7653 
1.0881 
1.4365 
1.7898 
2.1477 
2.5097 
2.8755 
3.2460 

4.2 0.3853 
0 .  '575 
1.1219 
i .  6990 
1.8512 
2.2681 
2.6591 
3.0542 
3.L518 

CTNe t 

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 
0.2239 
0.3000 
0.3762 
0.6437 
0.5101 
0.5731 
0.6306 
0.W35 
0.1311 
0.2149 
0.2944 
0.3716 
0 .  A629 
0.5117 
0.5769 
0.6360 

Net 

0.423 
0.751 
0.831 
0.851 
0.852 
0. e44 
0.832 
0.815 
0.796 
0.779 

rl 

0.672 
0.801 
0.839 
0.845 
0.841 
0.831 
0.816 
0.798 
0.779 

0.575 
0.767 
0.823 
0.835 
0.835 
0.327 
0.815 
0.797 

0.&74 
0.734 
0.804 
0.925 
0.826 
0.821 
0.911 
0.793 
0 . 7 7 6  

0.778 
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cP 'TNe t r\ tie t 3 

6.4 0.3861 
0.7816 
1.1834 
1.5911 
2.0040 
2.4217 
2.8433 
3.2699 
3.6985 

0.0345 
0.1251 
0.2115 
0.249O 
0.3720 
0.4485 
0.5189 
0.5851 
0.6454 

0.394 
0.703 
0.786 
0.813 
0.817 
0.813 
0.803 
0.787 
0.768 
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TABLE V I 1  

10 E W E R  PROP-FAN PERFORMANCE 

0.80 MACH NUMBER 

J Cp '*Net ' N e t  J c p  %et ' N e t  

2.8 0.2943 
0.6988 
0.7093 
0.9254 
1.1669 
1.3728 
1.6031 
1.8377 
2.0755 
2.3167 

3.0 0.1324 
0.3509 
0.5757 
0.8062 
1.0421 
1.2831 
1.5287 
1.7787 
2.0325 
2.2899 

3.2 0.2108 
0.6526 
0.7004 
0.9538 
I. 2126 
1.4764 
1.7448 
2.0172 
2.2936 
2.5743 

3.4 0.3397 
0.6072 
0.8806 
1.1597 
1.4440 
1.7332 
2.0267 
2.3241 
2.6262 
2.9295 

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 
0.36&3 
0.4260 
0.4853 
0.54il 
0.5954 

0.0338 
0.1111 
0.1862 
0.2573 
0.3256 
0.3906 
0.6533 
0.5125 
0.5686 
0.6235 

0.0669 
0.1453 
0.2207 
0.2925 
0.3610 
0.4272 
0.4904 
0.5490 
0.6050 
0.6600 

0.764 
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. ?BO 

0.513 
0.785 
0.851 
0.863 
0.859 
0.847 
0.832 
0.813 
0.793 
0.225 

0.667 
0.813 

0.858 

0.838 
0.823 
0.803 
0.783 
0.766 

0. a52 

0. a51 

3.6 0.2382 
0.5276 
0.8233 
1.1248 
1.4318 
1.7439 
2.0620 
2.3826 
2.7065 

3.8 0.4624 
0.7844 
1.1107 
1.6627 
1.7800 
2.1217 
2.4675 
2.8169 
3.1693 

4.0 0.4186 
0.7652 
1.1182 
1:4771 
lA4l.l 
2.2099 
2.5834 
2.9599 

0.0285 
0.1105 
0.1901 
0.2653 
0.3372 
0.4062 
0.4731 
0.5326 
0.5931 

0.0824 
0.1654 
0.2448 
0.3208 
0.3917 
0.4616 
0.5265 

0.6447 
0.5863 

0.0605 
0.1669 
0.2297 
0.3075 
0.3821 
0. $546 
0.5214 
0.5849 

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 

0.576 
0.768 
0.822 
0.832 
0.832 
0.823 
0.810 
0.790 
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J 
0.4 

0.6 

0.8 

1.0 

1.2 

CP 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.h 
1.6 
1.8 

# 
24.40 
30.95 
33-50 
35.50 
37.15 
38-40 

16.10 
21.30 
26-90 
27.20 
29.10 
30.70 
32.00 
33.10 

10,oo 
15.30 
18.55 
20.80 
22.75 
24.50 
26.00 
27.15 

6.40 
10.70 
13.75 
16.10 
18.10 
19.80 
21.20 
22.40 
24.35 

4.70 
7.93 
10.55 
12.55 
14.30 
15.90 
17.40 
18.60 
19.74 

G L -  
TABLE V I 1 1  

SLIPSTREAM CHARACTERISTICS 

AV/v 

0.1132 
0.1223 
0.1245 
0.1240 
0.1228 
0.1210 

0.0852 
0.1030 
0.1131 
0.1181 
0.1212 
0.1233 
0.1245 
0.1251 

0.0595 
0.0813 
0.0950 
0.1030 
0,1085 
0.1129 
0.1160 
0.1185 

0.0360 
0.0605 
0.0772 
0,0867 
0.0933 
0.0988 
0.1032 
0.1070 
0.1099 

0.0240 
0.0435 
0.0594 
0.0701 
0.078 1 
0.0850 
0.0904 
0.0952 
3.3995 

J 
1.4 

1.6 

1.8 

2.0 

cp  
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.6 
1.6 
1.8 
2.0 

0.2 
0.4 
0.6 
0.8 
1.0 
1.: 
1.4 
1.6 
1.8 
2.0 
2.2 

9 
>. 50 
6.10 
8.23 
10.10 
11.70 
13.18 
14.50 
15.70 
16.70 

2.53 
4.73 
6.53 
8.20 
9.62 
10.98 
12.22 
13.40 
14.45 
15.40 

2.03 
3.83 
S. 36 
6.77 
8.10 
9.33 
10.50 
11.60 
12.57 
13.52 

1.70 
3.15 
4.50 
5.78 
6.97 
8.05 
9.13 
10.10 
11.02 
11.90 
12.65 

SP14A77 

AV/V 
0.0180 
0.0336 
0.0474 
0.0585 
0.0670 
0.0732 
0.0786 
0.0836 
0.8800 

0.0143 
0.0268 
0.0384 
0.0485 
0.0569 
0.0637 
0.0689 
0.0736 
0.0779 
0.0820 

0.01 16 
0.0228 
0.0330 
0.0419 
0.0490 
0.0550 
0.0603 
0.0650 
0.0695 
0.0733 

0.0102 
0.0193 
0.0280 
0.0360 
0.0431 
0.0494 
0.054' 
0.0593 
0.0638 

0.0715 
0.0678 
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TABLE VSSS (Coat) 

4 AVIV J c p  4 AV/V J c p  
2.2 0.2 

0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 

1.40 
2.70 
3.90 
4.98 
6.02 . 
7.03 
8.00 
8.92 
9.82 

10.69 
11.48 

2.4 0.2 1.22 
0.4 2.30 
0.6 3.32 
0.8 4.30 

1.2 6.23 
1.4 7.13 
1.6 8.00 
1.8 8.83 
2.0 9.60 
2.2 10.32 

1.0 5.28 

2.6 0.2 1.03 
0.4 2.00 
0.6 2.90 
0.8 3.78 
1.0 4.63 
1.2 5.50 
1.4 6.35 
1.6 7.20 
1.8 8.03 
2.0 8.80 
2.2 9.50 

2.8 0." 
0. ' 
0.6 
0.8 
1.G 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 

0.83 
1.66 
2.50 
3.33 
4.16 
4.99 
5.82 
6.66 
7.49 
8.32 
9.15 

0.0092 
0.0170 
0.0243 
0.0310 
0.0375 
0.0432 
0.0482 
0.0530 
O.OS73 
0.0615 
0.0655 

0.0082 
0.C145 
0.0205 
0.0263 
0.0319 
0.0372 
0.0425 
0.0473 
0.0520 
0.0563 
0.0602 

0.0072 
0.0122 
0.0182 
0.0237 

0.0338 
0.0385 
0.0433 
0.0478 
0.0523 
0.0568 

0.0289 

0.0066 
0.0115 
0.0168 
0.0219 
0.0257 
0.0312 
0.0359 
0.0402 
0.0445 
0.0488 
0.0531 

3.0 0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 

0.75 
1.50 
2.25 
3.00 
3.75 
4.50 
5.25 
6.00 
6.75 
7.50 
8.25 

3.2 0.2 0.70 
0.4 1.40 
0.6 2.09 
0.8 2.78 
1.0 3.48 
1.2 4.18 
1.4 4.87 
1.6 5.57 
1.8 6.26 
2.0 6.96 
2.2 7.66 

3.4 0.2 0.65 
0.4 1.30 
0.6 1.96 
0.8 2.61 
1.0 3.26 
1.2 3.91 
1.4 4.56 
1.6 5.22 
1.8 5.87 
2.0 6.52 
2.2 7.17 

3.6 0.2 0.60 
0.4 1.20 
0.6 1.80 
0.8 2.40 
1.0 3.00 
1.2 3.60 
1.4 4.20 
1.6 4.80 
1.8 5.40 
2.0 6.00 
2.2 6.60 

0.0059 
0.0105 
0.0152 
0.0199 
0.0261 
0.0282 
0.0325 
0.0369 
0.04 10 
0.0449 
0.04a8 

0.0052 
0,0095 
0.0140 
0.0185 
0.0227 
0.0265 
0.0302 
0.0342 
0.C279 
0.0418 
0.0455 

0.0045 

0.0129 
0.0169 
0.0209 
0.0245 
0.0282 
0.0319 
0.0352 
0.0388 
0 .042~  

0. o ~ a a  

0.0040 
0.3078 
0.0118 
0.0158 
0.0192 
0.0225 
0.0258 
0.0292 
0.0323 
0.0355 
0.0387 
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3.8 0.2 
0.4 
0 . 6  
0.8 
1.0 
1.2 
1.6 
1.6 
1.8 
2.0 
2.2 

4.2 0.2 
0. I 
0.6 
0.0 
1.0 
1.2 
1.4 
1.6 

2.0 
2.2 

1.a 

4.6 0.2 
0.4 
0.6 
0.8 
1.0 
1 . 2  
1 . 4  
1.6 
1.8 
2.0 
2 .2  

$ AV/V 

0.56 0.0033 
b.12 0.0068 
1.68 0,0103 
2.24 0.0137 
2.80 0.0170 
3.36 0.0200 
3.92 0.0232 
4.48 0.0263 
5.04 0.0292 
5.60 0.0320 
6.16 0.0345 

0.46  0.0028 
0.93 0.0062 
1.39 0.0095 
1.86 0.0125 
2.32 0.0155 

3.25 0.0210 
3.71 0.0238 
4.18 0.0263 
6.64 0.0285 
5.10 0.0308 

2.78 0.0182 

0.40 0.0024 
0.79 0.0052 
1.19 o.oosc, 
1.58 0.0108 
1-98 C.0132 
2.38 0.0155 

3.17 0.0203 
3.56 0.0223 
3.96 0.02h3 
4.36 0.0262 

2.77 o . o m  

TABLE VlLZ ( h n t )  
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PROP-FAN NEAR-FIE&D NOISE ESTIMATION AT CRUISE 

The at tached mise g c n e r d i z a t i o n  is f o r  six, e l a t ,  rd t a -b l aded  Prop-Fans. 
It allows est imat ion of free f i e l d  o v e r a l l  noise  l e v e l  and rpectrmn l e v e l  a t  
n e a r - f i d d  loca t ions  where an a i r c r a f t  fuselage would be Located. 
can be estimated a t  fotrJard speeds of 0.7 t o  0.8 Mach aober, t i p  speeds from 600 
t o  800 f t / s e c  (183 t o  244 m/sec) a t  cruise a l t i t u d e s  from 30,000 to 45,000 
f e e t  (9144 t o  13716 m).  
near the  p l ane  of r o t a t i o o  are presented f o r  t i p  clearances (the d i s t a c m  from 
the fuselage t o  the propel ler  t i p )  from 0.2 t o  0.8 prope l l e r  diameters. 

Noise 

The l e v e l s  f o r e  and a f t  of the prdc noise  loca t ion  

The near-field noise  p red ic t ion  procedure is based on c a l c u l a t h n o  made with the 
t h e o r e t i c a l  Prop-Fan predict ion procedure developed by Hamilton Standard. 
computer results have been gene ra l i l ed  f o r  an advmced ?rop-Fzm cor f igu ra t lon  
to fnd ica t e  the  l e v e l o f n o i s e  expecto,d for a fully developed Prop-Fan. 

The 

Near-field noise  generated by a Prop-Fan may be  estimated aa follows: 

1. 
the e f f i c i ency ,  , from t h e  Prop-Fan performance procedure. 

2. 
from the Prop-Fan t i p ,  from Figure 1 f o r  a six-blade fan, Figus. 2 f o r  an 
eight-blade f an  o r  Figure 3 f o r  a ten-blade fan. 

3. I f  t he  a l t i t u d e  d i f f e r s  from 30,000 f e e t  (9144) t he  a l t i t u d e  co r rec t ion  
from Figure 4 should be added t o  t h e  base lwel from Figurea 1, 2, or 3.  

4or t h e  design r o t a t t o n a l  t i p  speed and c r u i s e  Mach amber ,  deu rmine  

Determine the  maximum s1d-e o v e r a l l  s c d  pressure l e v e l  a t  0.8 diameters 

4. If the  noise  a t  a measurement point  f o r e  and a f t  of the  pa&, o r  a t i p  
clearance of o the r  than 0.8  diameter Fe t o  b e  estimacrd, add the p a r t i a l  
l e v e l s  from Figures 5 ,  6 ,  o r  7 t o  t hz  Base levels from F f g u r u  I, 2, o r  3. 
These f i g u r e s  were derived from ca lcu la t ions  a t  0.7 Mach number c r u i s e  a t  35,000 
f e e t  (i0,668 m) a l t i t u d e  but may be appl ied f o r  any o the r  c r u i s e  condition. 

5 .  
s t e p s  is found in Figure 8. 

arg o the r  cruise condition. 

The qectrum l e v e l  r e l a t i v e  t o  the  o v e r a l l  l e v e l s  d e t e m i n r d  by the above 
This f i g u r e  was  derived f r o a  e r l c u l a t i o ~ s  a t  0.7 

number c r u i s e  a t  35,000 foo t  (10,668 m) a l t i t u d e  but m y  be  a p p l i e d  f o r  

1 



SAHPLE ESTIMATE OF PROP-FAN NEAR-FIELD NOISE 

To assist lhose using the Ptop-Fa8 near-field noise g e u r a l i r o t i o n ,  Lhe foliar 
ing cample c a l m l a t i o n  is pmvided: 

. E f f i c b c y :  . Tip Speed: 800 f t / s c c  (244 mlooc)  . Cruise Mach Number: 0.8 . Tip Clearance: 0.4 Marmeter . Fore amd A f t  Locatfon: 0.5 Diameter Forward . Alti tude:  35,000 f e e t  (10,668 8 )  . Number of Blades: Ten 

0.83 (from the Proplan  performance procedar.) 

Step 1: For an e f f i c i ency  of 0.83, a t i p  opeed of 800 f t /aec (244 m/sec), 
a c r u i s e  Mach number of 0.8, and ten blodea in the fan; Figure 3 ind ica t e s  
that t he  peak s i d e l i n e  o v e r a l l  sound pressure l e v e l  is 135.0 a. 

Step 2: Since tbe operat ing a l t i t r d e  is 35,000 f t  (10,WI I) the noise  l e v a  
of Step 1 is reduced by 1 dB an t h e  b a s i s  of Figure 4. 

Step 3: For a t i p  clearance of 0.4 diameter and a f o r e  snd  a f t  diatance of 
0.5 diameter f o w a r d  f o r  a tc8-blade ian; Figure 7 i ad i c8 te s  t h a t  the  l e v e l  
in Step 1 is reduced by 2 1 dB. 

Step 4: The o v e r a l l  sound pressure l e v e l  is the sum of the p a r t i a l  l e v e l r  of 
S t e p s  1, 2, and 3; 135 - 2 - 21 = 112.0 dB. 

Step 5 :  For a t i p  speed of 800 f t / s e c  (244 m/sec) th. spectrum level cort-ec- 
cionsfrcm Figure 8 are: 

Level Relative t o  So& Pressure k v e l  
Overal l  Sound of Blade Passage 
Pressure Level Freauencr Harmonics 

Blade Passage Frequency 
(BPF) 
2X BPF 
3X BPF 
4X BPF 
5X BPF 
bX BPF 
75 BPF 
8X BPF 
9X BPF 
11)X BPF 
1LY BPF 
l2.Y BPF 
13X BPF 
14); BPF 

-1.5 dB 

-11.5 
-15.5 
-20 
-22 
-2 3 
-23 

.i‘” 
i 

110.5 dB 

103. S 
96.5 
92  
90 

a9 
a9 

T” 
i 

2 
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Prop-Fan Gearbox Noise Estimation 

The at tached noise  genera l iza t ion  allows est imat ion of the  un ins t a l l ed  gear- 
box noise  (i.e. without additional a t tenuat ion  from enclosing nace l les )  
associated v i t h  a Prop-Fan Propulsion System. This procedure is derived 
from a procedure developed by Ramilton Standard and published i n  FAA 
repor t  FAA--76-49, 11, e n t i t l e d  FI/STOL Rotary Propulsion Systems Noise 
Predic t ion  and Reduction. 
been es tab l i shed  by c o r r e l a t i o n  studies w i t h  test da ta  since the re  is 
l i t t l e  test d a t a  a v a i l a b l e  on i n s t a l l e d  gearboxes. Bovever, t h e  method 
should be adequate f o r  prelimina- design s tud ie s  of Prop-Fan systems. 

The absolu te  accuracy of the method has not 

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

The required information includes: 

1. Power t racsmi t ted  per  stage.  
2. The input  o r  output  gear rate of revolu t ion  and number of teeth.  

The noise  estimate is made by computing a 1/3 octave band spectrum of the 
noise  f o r  each s tage ,  then suuuning the  spectra logari thmical ly .  

The noise spectrum from one gearbox s t age  may be estimated as follows: 

Step 1. Obtain the  o v e r a l l  S o d  Pressure Level from the fo l l a s ing  
equation based on t ransmit ted horsepover, distance from 
gearbox t o  measurement loca t ion  and ambient conditions.  

where: SPL = Sound Pressure Level, dB re 20 uPa 
Bp = Transmitted power 
El = Source-to-observer d i s tance  
P = The ambient pressure 
T = The ambient Lemperature 
K = 67.4 f o r  units in horsepower, f e e t ,  p s l a ,  andoR 

19.9 f o r  units fn Ku, meters, N / d ,  and OK 

Step 2. Calculate  the  tooth contac t  frequency, fTc, from: 

fTc * ws X N 

i h i i c  RPS x N is the  r e v o l u t i o d s e c  x no. of 
t e e t h  of e i t h e r  input  or  output gear 

Step 3. Calculate the  reference frequency as the center  frequency 
of the  1/3 octave band containlug the tooth contact  
frequency, fTc. Obtain t h e  spectrum cor rec t ion ,  from 
Figure 9 .  The shor t  v e r t i c a l  l i n e s  j u s t  above the  

11 



horlzoncal  aris i nd ica t e s  1/3 octave band frequency above 
and below t h a t  containing the tooth  contac t  frequency (at 
a frequency r a t i o  of 1). 

Step 4. The a lgebra ic  sum of the  Overall  Sound Pressure L e v e l  from 
Step 1 and t h e  spectrum cor rec t ion  from f l g u r e q  gives t he  
gearbox 1/3 octave  band Souad Pressure Levels. 

Step 5. I f  the  gearbox has more than one s t a g e  repea t  t he  8%- 

s t e p s  f o r  each s t a g e  and sum t h e  noise  cont r ibu t ions  of 
:he s tages  logari thmical ly .  

Sample Estimate of Gearbox Noise 

To assist those using the  Prop-Fan Gearbox Near F ie ld  Noise General izat ion 
the  fo l lov ing  sample ca l cu la t ion  is provided: 

Since the  load is shared by the  two Intermediate s tages ,  they v l l l  be con- 
s idered  ha two Independent s t ages  t ransmi t t inq  one half t h e  power. Thus: 

Step 1. 

SPL = 18 l o p l 0 F )  -20 log10 (14.3) + 10 l o g l o  (3.471-5 log lo  (394) + 67.4 
2 )  

= 97 dB 

OR SPL E 18 l o g 1 o ~ ~ j  -20 l og lo  (6.36) * 10 l og lo  (23923)  -5 l o g l o  (234)A 19.9 - 97 dB 
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Since there are two parallel stages, the SPL w i l l  be 3 dB 
higher, or 100 dB per reduction stage. 

1st stage fTc = 159.08 x 35 / 60 - 5568 Hz 

2nd Stage fTc 19.90 X 107 / 60 2129 & 

The f i r s t  stage f~~ is in the 5000 HE band and the second 
stage fTc 19 in  the 2000 Hz band. 

Step 2. 

Step 3. 

Step 4.L 5. Using f igure9  the spectra for the two stages are thus: 

1/3 Octave Band 

630 Ez 
800 

1000 
1250 
1600 
2000 
2500 
3150 
4000 
M O O  
6300 
8000 

10000 

S a l  - 

70 dB 
72 
74 
75 
82 
95 
90 
83 
95 

SPL2 - 
70 dE 
72 ' 
74 
75 
82 
95 
90 
83 
95 
85 
86 
88 
75 

Total - 
70 dB 
72 
74 
75 
82 
95 
90 
84 
95 
95 
92 
89 
95 

13 



c 
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PROP-FAN FAR-FIELD NOISE ESTIMATION AT TAE-OFF AND I&iD ING 

The at tached noiae geae ra l i za t ion  is fo r  s i x ,  e igh t  and tea-bladed Prop-Fans. 
It a l l o w a  est imat ion of the  maximum flyovex or s i d e l i n e  ?rrteived Noise Level 
f o r  landing and take-off c o d i c i o n s .  
engine noise. For complete uyatem wise astimate,  i t  is recommanded that 
the core engine noise  obtainable  from engin3 manufaorrrerr be included. 

The procedure does not h c l u d e  core 

The f a r - f i e ld  gene ra l i t a t ton  is based om past. experience with eomtentional 
propel le rs  and hacuporates imprwemente to  account for  recent  p rope l l e r s  
designed v f t h  both low wise and good performance as 8 requl taocnt .  Based 
on the  ava i l ab le  test dats, rhich includes l imi ted  tests of the  f i r s t  two 
Prop-Fan designs. i t  appears that the  levels predicted by the  at tached method 
can be  achieved. A long range program is now under way t o  i nves t iga t e  the 
mechanisms of mise generat ion and t h e  p o s s i b i l i t y  f o r  tedrt iona r e l a t i v e  
t o  the lev& predicted by *e at tached method. The p o t e n t l a l  f o r  redust ion 
in f a r - f i e ld  noise has been consemat ive ly  es tab l i shed  a t  5 p ~ & .  
reduct ion w i l l  be achieved pr imari ly  by reducing l a w  frequency s teady loadi rg  
tone wise and t o  a lesser exten t ,  cont ro l l ing  higher f r e q a u c y  broadband 
and unsteady loading noise  components. 

This 

1 
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FAR-FIELD PROP-FAN rjOISE LEVEL a TAKE-OFF AND LANDING 

Far-field noise generated by a Prop-Tan may be estimated as follows: 

1. 
A and 2. 

Detarmine t h e  rotat1oaa.l t i p  l hch  number by c a l c J a c & o n  or from Figuroo 

2. 
to the  propeller and Its rotational t i p  Mach aumber. 

Obtain FLl from Figure 3. Thts is a p a r t i a l  level baaed on the power laput 

3. 
the d i n a n c c  is that froa the  measarement loca t ion  t o  the a i r c r a f t .  
estima#. under the takeoff path the rcttlcal distance is wed.  
e i t le l ine c e r t i f i c a t i o n ,  the dlstance may b e  assumed t o  be distance from the 
r u ~ w r y  een ta r l ine  to  the measurement locat ion,  

Ob- the distance co r rec t ion  n2 from Ftgure 4. Noce char oa cake-off 
Thus,'for 

For the  

4. The Perceived Noise Lercladjustment YL3 lo obtained from Figure 5 .  The 
h e l i c a l  t i p  Mach ombet is determined in Figures 2 and 6 ulng t h e  t i p  spead 
(determined in Step 1) plus the  forwud speed of t h e  aircraft. 

5. Apply the followlng coIctectlopB, NC, f o r  number of ?rop-lans: 

. One PropFpn - add 0 . rWo Prop-Fans - add 3 . Three Prop-Fans - add 4.8 . Four Prop-Fans - add 6 .  

1. The maaria= ?ercalrad noise kvells the sua o f  IL1, bz, FL3, and NC. 
, 

7. To estimate Effective Perceived Noise Level, sub t r ac t  2 dB for take-off 
or 4 dB f o r  Lad{.ng from Parcsited Noha Levelestlmatea of S t e p  6 .  

a 
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2/28! 78 

SAMPLE ESTIMATE OF FAR-FIELD AOISE 

To a s s i s t  those using the Prop-Fan f a r - f i e ld  noise grnera1iration. the follow- 
lng sample calculation f s  provided: 

. Diameter: . Power: . RPM: 1.042 . Distance: . Airc ra f t  Speed: . Temperature: . Wurnber o f  Prop-Fans: FOUF 

13.75 f e e t  (4.2 m) 
14,500 SHP (10.813 kw) 

1,000 f e e t  (304.8 m) 
180 knots true (333.5 km/hr) 
75°F at r l  ti tudc 

Step 1: 

Fm F i g u r e  1 - t i p  speed - 75’3 f t /ooc.  (228.6 mIsec) 
From F i g u r e  2 - Mach number = 0.66. 

Step 2: 

s t e p  3: 

Step  4: 

Step 5: 

Step 6: 

From F i g u r e  3 - FLl - 105 

From Figure 4 - FL2 - -7 

From Figure 6 - Helical Tip Speed = 810 ft/sec (246.9 m/sec) 
From F i g u r e  2 - Helical T i p  Mach Number = 0.715 
From Figure 5 - FL3 = -5 

FOP four Prop-Fans - NC = +6 

Perceived Noise Level (FLI + FLZ + FL3 + NC) = 99 PNdb. 

3 
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PROP-FAN WEIGHT ESTIXATION 

The attached curves provide weight es t imates  f o r  a Prop-F3:. ( h i g h  speed turbo- 
prop and gearbox system) designed f o r  a 0.8 Mach No. c r u i s e  a i r c r a f t .  The 
technology level included is appropriate  f o r  Prop-Fan systems expected t o  b e  
in-service i n  t h e  1985-1990 tin& period. 

The power loading (SIP/$) term used on the  r o t o r  weight curve i n  Figure 1 is 
based on t h e  maximum power de l ive red  t o  t h e  rotor .  The t i p  speed (TS) that 
should be used f o r  r o t o r  weights is that at  which the maximum SHP occurs. 
weight curve i n  Figure 1 is plotzed f o r  a t i p  speed a€ 800 f t / s e c .  Rotor weigkts 
f o r  o the r  t i p  speeds can be obtained by u t i l i z i n g  the  conversion formula provided 
i n  the  curve notes. 
t he  maximum del ivered output torque. 
of 8:l. 
formula provided on t he  curve, 

The 

Figure 2 shovs a curve oi gearbox weight as a functfon of 
The c.-- .e is based on d re '  7 1  ?ear r a t i o  

Gearbox weights f o r  o t h e r  gear r a t i o s  can b -  obtained from the conversion 

The c-umes provide un ins t a l l ed  r o t o r  and gearbox weight es t imates  and t h e  major 
components i rc luded are defined on the  curves. An assessment has been made of 
t h e  add i t iona l  components and ve igh t  required f o r  a f u l l y  i n s t a l l e d  Prop-Fan 
propulsion nace l l e  package. The a d d i t i o n a l  components included: 

Nacelle cowling and f a i r i n g s  
Nacelle s t r u c t u r e  f o r  attachment t o  wing 
Engine-to-gearbox coupling s t r u c t u r e  and s h a f t  
Engine/gearbor w u n t i n g  t o  nacelle s t r u c t u r e  
Engine a i r  Inlet ducting 
Engine exhaust system 
F i r e  con t ro l  system 
Gearbox cooling and o i l  tankage system 
Engine s t a r t i n g  system 
Hydraulic system and hydraulic f l u i d  
Electrical system 
Fuel system 
Oneumatic system 
Engine and Prop-Fan con t ro l  l inkage 

it is estimated that the fully i n s t a l l e d  Prop-Fan y o p u l s i o n  nace l l e  package 
(Prop-Fan r o t o r  and gearbox, turboshaft  engine and above l i s t e d  a d d i t i o n a l  
components) would weigh 1.3 times t h e  sum of the r o t o r ,  gearbox and engice 
weight. This f a c t o r  is based on a turboshaft  engine weight of 0.16i  ibs. 
per SHP (0.101 Kg per Kw) . 



Sample Ueight Calculations: 

Rotor: - 
Given : Diameter, D = 16 f t .  

Max. operating hcrrsapover to s’-- Prop-Fan = 1’,920 

SHP 17,920 ,,, 
Calculate: - = 

D2 (16)? 

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

Gearbox: 

Calculate: Xax. output torque = 4.125 (SHP)(D) 

Torque = (4.125)(17,920)(16) - 1.1527 x lo6 in-15s.  

Gearbox weight from Figure 2 is 1450 pounds or 658 kilogrzms. 

Note: 
the torque by SCO/TS for other c i p  speeds .  

The above torque equation is based on a t i p  speed of YCO f t / s e c .  Yodifv 
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PROP-FAN WEIGHT ESTIMATION 

The at tached curves provide weight estimates f o r  a Prop-Fan (high speed turbo- 
prop and gearbox system) designed f o r  a 0.8 .%ch No. c r u i s e  aircraft. 
technology level included is appropr ia te  f o r  Prop-Fan systems expected t o  be 
in-service i n  the  1985-1990 time period. 

The power loading (SEP/D2) term used on the  rot-or weight curve in  Figure 1 is 
based on t he  maximum power de l ivered  t o  the  ro tor .  The t i p  speed (TS) that 
should be used f o r  r o t o r  weights is t h a t  a t  which the  maxlmum SEP occurs. 
weight curve in Figure 1 is p lo t t ed  f o r  a t i p  speed of 800 f t / s ec .  Rotor weights 
for o the r  t i p  speeds can be obtained by u t i l i z i n g  the  conversion formula provided 
in t h e  curve notes. 
the maximum del ivered  output  torque. 
of 8:l. 
formula provided on t h e  c u m .  

The 

The 

Figure 2 shows a curve of gearbox weight as a func t ion  of 
The curve is based on a t o t a l  gear  r a t l o  

Gearbox weights f o r  o ther  gear  ra t ios  can be obtained from t h e  conversion 

The cumes  provide unins ta l led  r o t o r  and gearbox weight estimates and t h e  major 
components included are defined on t h e  curves. 
t he  add i t iona l  components and w i g h t  required f o r  a f u l l y  i n s t a l l e d  Prop-Fan 
propulsion nacelle package. 

An assessment has been made of 

The add i t iona l  components included: 

Nacelle cowling and f a i r i n g s  
Nacelle s t r u c t u r e  f o r  attachment t o  wing 
Engine-to-gearbox coupling s t r u c t u r e  and shaft 
Engine/gearbox mounting t o  nacelle s t r u c t u r e  
Engine a i r  inlet  ducting 
Engine exhaust system 
F i r e  con t ro l  system 
Gearbox cool ing and oil tankage system 
Engine s t a r t i n g  system 
Hydraulic system and hydraul ic  f l u i d  
Electrical system 
Fuel system 

Engine and Prop-Fan con t ro l  l inkage 
Pnetnnatic system 

It is eselmated t h a t  t he  Zully i n s t a l l e d  Prop-Fan propulsion nacelle package 
(Prop-Fan r o t o r  and gearbox, turboshaft  engine and above l i s t e d  add i t iona l  
components) would weigh 1.3 times the  sum of the  r o t o r ,  gearbox and engine 
weight. This Factor is based on a turboshaft  engine weight of 0.167 lbs .  
pe r  SHP (0.101 Kg per Kw). 

1 



Sample Weight Calculations: 

Glven : Mameter, D * 16 ft. 

Max. operat ing horsepower to  the  Prop-Fan = 17,920 

Calculate:  - SHP = 17,920 = 70 
D2 (16) 

Rotor weight from Figure 1 is 2070 pounds o r  940 kilograms, 

Gearbox: 

Calculate:  Max. output torque = 4.125 (SliP)(D) 

Torque = (4 .125 )  (17,920) (16) = 1,1827 x lo6 in-lbs. 

Gearbox weight from Figure 2 is 1450 pounds or 658 kilograms. 

Note: 
t h e  torque by 800fTS f o r  o ther  t i p  speeds. 

The above torque equation I s  based on a t i p  speed of SO0 f t l s e c .  W d l f y  

2 
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GUIDELINES FOR PROP-FAN INSTALLATIONS 

It is recommended that the attached instailation guidelines be includzc! la 
general parametric and prelim1 iary design studies of Pro?-Fan propulsion sys- 
tems. Previous studies have shown that the selection of the most appropriate 
Prop-Fan configuration and power loading (SHP/D?) has t o  include an assassaent 
of Prop-Fan diameter and its LmpGct on the aircraft design. 

the following initallation 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 3 )  

. MiniHlum Prop-Fan ne-elle length and esLimatad loads (Figures 1 anu 4) 

. 4lfnimm Prop-Fan whirl flutter stiffness (Figures 5 and 6 )  

. Prop-Fan vibration isolation criterfa. 



LIST OF SYMBOLS SP20A77 

Svrobo’i 

d 

D 

P 

H 

KT 

1 

L 

!4 

%l 

n 

si 

SO 

T 

V 

A 

@ 
Yt 
GW 

Definitlon 

Mameter of axisymmetric nacelle shape 

Prop-Fan Ciameter 

.lade tip-to-fuselage clearance 

?iinimum blade tip-to-ground clearance 

Minimum effective torsional stiGfness 
of winglnacelle mount system (pitching) 

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

Distance from the wing 114 chord station 
to the Prop-Fan plane of rotation 

Horizontal (yaw) m a  int at the Prop-Fan 
plane of rotation 

Maximum aircraft Xach 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 ving zero-lift line 
and the Prop-Fan thrust line 

Aircraft gross weight 

Gni t s 
S.I.* - U.S.  

ft m 

- 

ft m 

ft m 

ft m 

N-m - in-1q.s 
radian radian 

ft m 

ft m 

in-lbs N-m 

mils DA 

mils DA 

ft m 

lbs N 

deg 

lbs 

* S.I. refers to Standard International units 
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= - 1.1 0-05 ( t u ) 1 ' 2  1 
Recomnended F = ( 0 . 8 ) D  for 

KInimum P = ( 0 - 2 ) D  for 

acoustic purposes 

acceptable blade excitation loads 

Xote: The above equations are based on D, P, E and T being i n  feet 
and GW in Ibs. 
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0.85 0.5 

( f ) (Si2 + S,2)oos (0.000472 mils DA) [ u)  
Where Si and So are vibration sensitivities in mils DA per lb. of Prop-Fan 
unbalance for inboard and outboard nacelles, respectively. The sensitivities 
are measured at the aircraft center of gratrity and are established by the 
stiffness and isolation of the vfnglnacelle structure and the Prop-Fan 
mounting. D is in feet. 

10 
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R e l i a b f l i t v  and Main ta inabi l i ty  

The r e l i a b i l i t y  and m i n t a h a b i l i t y  da t a  package contains  i n f o r a t i o n  s u i t a b l e  
f o r  use io e s t i c a t i n g  t o t a l  values  f o r  the  Prop-Fan system and g e a r h x .  
Cer ta in  terms used i n  t h i s  packagc. r equ i r e  d e f i n i t i o n  t o  a s su re  proper i n t e r -  
p r e t a t i o n  of t h e i r  meaning: 

. Commsrcial Environment is defined as opera t iona l  use cons i s t ing  of  
an average duty cycle  of 1.25 hours p e r  f l i g h t  and a monthly 
u t i l i z a t i o n  of  250 hours. 

. Removal Rate is computed based on a l l  removals including those not  
a t t r i b u t a b l e  t o  t h e  hardware such as FOD and iuproper  maintenance. 
In t h e  case of  the  Prop-Fan, a removal is charged i f  any assembly 
or component such as a sp inner ,  blade o r  p i t c h  change a c t u a t o r  
requi res  replacement as w e l l  as those few cases (less than 1'; of 
t h e  t o t a l )  where t h e  e n t i r e  Prop-Fan assembly is removed. 
gearbox, a l l  removals are of t h e  entire gearbox zodule. 

For t h e  

The following information is contained io t h i s  da t a  package: 

. Removal Rates. 

R e l i a b i l i t y  is a f fec t ed  only by the  number of blades in t he  Prop- 
Fan configurat ion.  For the  gearbox, t he re  is no va r i a t ion .  A 
t a b l e  o f  values  versus number of  blades is presented f o r  Prop-Fan. 
Values f o r  the gearbox are a l s o  provided. 

. Direct h i n t e n a n c e  Fan Hours p e r  F l fght  Hour and P a r t s  Cost p e r  
F l igh t  Hour. 

Gums are presented f o r  Prop-Fan maintenance manhours per  
1OCO d t  f l i g h t  hours as a funct ion of Prop-Fan diameter 
and number of blades.  BoLh Line and Shop maintenance ac t ions  
are included. 

A cunre is presented for gearbox mintenance  manhours p e r  
1000 un i t  f l i g h t  hours as a funct ion of gearbox torque. 
tine and Shop maintenance ac t ions  are included. 

Both 

A p l o t  i nd ica t ing  the Prop-Fan parts cos t  per  f l i g h e  hour 
a s  8 func t ion  of d i a c e t e r  is preseneed. 
t he  case of 8 o r  10 blades and a d i s c  loading (SHP/D-) of 
75. 

The values  *re f o r  

A p lo t  of gearbox p a r t s  c o s t  per  f l i g h t  hour a s  a funct ion 
of gearbox torque is presented. 

1 
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TABLE 1 

Prop-Fan and Gearbox 
Removal Race 

Commercial Environment 

Removal Rate 
( k m v a l s  / 1000 FH) 

8 Bladed Prop-Fan 

10 Bladed Prop-Fan 

Gearbox 

0.356 

0.364 

0.040 

2 
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