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SUMMARY 

The preliminary selection of a propeller bn the basis of cruising 
and take-off performance for  application t o  transport airplanes at f l i g h t  
Mach numbers up t o  0.8 can be accomplished by the use of the charts and 
methods presented. The charts are of suff ic ient  scope t o  permit a f a i r l y  
rapid evaluation of the propeller performance for  engine power ratings 
of 1,000 t o  10,000 horsepower. 
interest  of propeller -noise abatement . The method i s  presented primarily i n  the 

INTRODUCTION 

Increasing engine power ratings, together with expanding airport  
operations and greater concentrations of people near airports,  have led 
t o  serious complaints i n  regard t o  airplane noise. Inasmuch as the air- 
plane propeller i s  a major offender as a producer of high noise levels, 
a general study of the propeller-noise problem has been undertaken by 
the National Advisory Committee for  Aeronautics. The i n i t i a l  phase of 
t h i s  study concerned quiet propeller operation for  the l i gh t  personal- 
owner airplane and the resu l t s  have been presented i n  references 1 and 2. 
The propeller-noise investigation has now been extended t o  include trans- 
port airplanes having engines with power rat ings of 1,000 t o  10,000 horse- 
power. 

Reference 3 presents methods and charts for  estimating propeller 
noise, and indicates the factors which govern the intensi ty  of the  noise. 
The present paper i s  concerned with the performance of propellers 
selected on the basis  of quiet operation. 
are intended t o  be used i n  conjunction w i t h  each other. 
are charts by means of which the performance of various propeller con- 
figurations a t  cruising and take-off conditions can be quickly analyzed. 

This paper and reference 3 
Presented herein 

It i s  presupposed tha t  the preliminary airplane design has pro- 
gressed t o  the point where the cruising velocity, a l t i tude,  and engine 
power ratings have been determined. It i s  also presumed tha t  the airplane 
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weight, the velocity required f o r  take-off, and the l if t-drag r a t io  of 
the airplane f o r  take-off have been established. With these factors 
known, the propeller analysis can proceed along the l ines  suggested i n  
the paper. 

SYMBOLS 

AI? ac t iv i ty  factor per blade 

B number of blades 

b blade width (chord) , f t  

airplane l i f t  coefficient CL 

CP power coefficient, P/pnW 

A 

CT 

'd 

C t  

'ld 
C 

D 

I% 

h 

J 

KS 

L 

M 

thrust  coefficient, T/pn2D4 

section drag coefficient 

section l i f t  coefficient 

design section l i f t  coefficient 

propeller diameter, f t ;  drag, lb 

rotat ional  energy per u n i t  time i n  slipstream, ft-lb/sec 

blade section maximum thickness, f t  

advance rat io ,  V/nD 

coefficient for take-off run 

airplane lift, l b  

f l i gh t  Mach nutuber 
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MR 

N 

n 

P 

P 
C V  

R 

r 

S 

S 

T 

TO 

T1 

v 
W 

X 

rl 

rotat ional  t i p  Mach number 

propeller rotat ional  speed, r p m  

propeller rotat ional  speed, rps 

power, ft-lb/sec 

power coefficient, P/pv3D* 

propeller t i p  radius, f t  

radius t o  a blade element, f t  

wing area, sq f t  

take-off distance, f t  

thrust ,  lb 

s t a t i c  thrust ,  l b  

net s t a t i c  thrust ,  l b  

velocity of advance, f t /sec or mph 

airplane weight, l b  

power-coefficient adJustment factor 

fraction of propeller t i p  radius, 

efficiency, J C ~ / C ~  or TV/P 

r/R 

efficiency of ideal  actuator disk 

basic induced eff iciency 

induced efficiency 

prof i le  efficiency 

c1 ground f r i c t ion  coefficient 

VO 
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P air density, slugs/cu f t  

cf propeller -element solidity,  Bb/xDx 

propeller-element load coefficient OC 2 

Subscripts : 

0-7R a t  0 . '7-radius s ta t ion 

D prof i le  drag 

i induced 

t take-off 

DISCUSSION 

The selection of propellers from performance considerations is  a 
twofold problem. F i r s t  of a l l ,  a reasonable cruising efficiency must 
be maintained. Secondly, the take-off run must remain within the limi- 
tat ions of pract ical  airport  runways. The selection of a propeller t o  
meet both conditions usually involves consideration of a number of pro- 
pel lers  i n  order t o  arrive at a suitable compromise. A series of pro- 
pel ler  charts covering ranges of parameters suitable for  quiet operation 
is presented herein and should give f a i r ly  rapid estimates of suitable 
propeller dimensions and the associated performance. 

The discussion begins with a presentation of charts which are used 
in  selecting propellers f o r  the cruising condition. Then follows a 
consideration of the factors affecting the take-off run. 
the discussion, charts for  obtaining the thrust  fo r  calculating the 
take-off run are presented. 

To complete 

Perf0rmanc.e i n  Cruising Condition 

The selection of a propeller t o  sa t i s fy  the requirements of the 
cruising condition is  accomplished through the use of four charts. 
ure 1 is a composite plot, conveniently arranged t o  show the interrela- 
tionship of the major propeller design variables, which gives the basic 
induced efficiency T ~ ~ .  (The construction of this  chart i s  explained 
i n  appendix A.) Figure 2 is  an adjustment chart t o  account f o r  various 
numbers of propeller blades. Figure 3 is  an adjustment chart t o  be used 
when needed t o  accommodate dual-rotating propellers. Figure 4 gives the 

Fig- 
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profi le  efficiency, and thus accounts for blade prof i le  drag. 
a l l  efficiency i s  simply the product of the induced efficiency and the 
prof i le  efficiency. 

The over- 

The procedure for  using figure 1 is indicated by the axrows i n  the 
figure. 
t ion at  an al t i tude of 25,000 feet  with 400 miles per hour as the air- 
plane cruising velocity (M = 0.54). The propeller i s  t o  be operated a t  
a relat ively low t i p  speed (say 700 fee t  per second) i n  an effor t  t o  
obtain a l o w  propeller-noise level. The combination of airplane forwad 
speed (587 fee t  per second) and the t i p  speed just  c i ted gives an advance 
r a t io  V/nD of 2.64. The arrows i n  figure 1 show that  a t r i a l  diameter 
of 16 f ee t  leads t o  a t o t a l  act ivi ty  factor of about 600. 
induced efficiency i s  about 91 percent. 

The example shown involves a 3,800-horsepower engine for  opera- 

The basic 

In working the problem i n  figure 1, the assumption has been made 
tha t  the approximate required engine horsepower has been established. 
By a trial-and-error process, however, the application of the resul ts  
i n  figure 1 could be extended t o  the problem of estimating the required 
engine horsepower, provided that  the drag horsepower (airplane velocity 
multiplied by airplane drag) has been established. 

Choice of number of blades and associated adjustment factor.- The 
basic induced efficiency of  the propeller i s  subject t o  an adjustment 
which is  dependent on the advance r a t io ,  the t o t a l  ac t iv i ty  factor, and 
the number of blades, as shown i n  figure 2. The choice of the number 
of blades would ordinarily be governed by the obvious desirabil i ty of 
using blades of standazd design that are available from the various pro- 
peller manufacturers. 
varying from about 80 t o  .approximately 150. 
t o t a l  ac t iv i ty  factor obtained from figure 1 by vmious numbers of blades 
gives required blade act ivi ty  factors f o r  the cruising condition. 

Such blades generally have act ivi ty  factors 
A simple division of the 

The ac t iv i ty  factor as obtained from figure 1 need not be exactly 
matched. The curves of figure 1 for t o t a l  act ivi ty  factor are based on 
gropellers of optimum load distribution having the l i f t  coefficient at 
the 0.n stat ion equal t o  0.5. This is a desirable value, at leas t  for  
f l i gh t  Mach numbers up t o  about 0.8, but actually t h i s  l i f t  coefficient 
can vary from about 0.4 to  about 0.6 without undue harm t o  the propeller 
efficiency. Inasmuch as the induced efficiency i s  i n  r ea l i t y  a function 
of the product of the t o t a l  act ivi ty  factor and the operating l i f t  coef- 
f ic ient ,  it is sufficient t o  match the t o t a l  act ivi ty  factor from fig- 
ure 1 within approximately 20 percent. 

The t o t a l  act ivi ty  factor for the example indicated by the arrows 
i n  figure 1 is about 600. 
four blades having an act ivi ty  factor of 150 each, for  which figure 2 
gives an adjustment value 

The propeller configuration might consist of 

Aqi = -0.018, or it might consist of s ix  blades 



6 I?ACA m 2966 

having an ac t iv i ty  factor of 100 each, for  which Aqi = 0. 
eight blades having an ac t iv i ty  factor of 75 each would resu l t  i n  a pos- 
itive Aqi adjustment but might lead t o  s t ructural ly  undesirable blades. 

A choice of 

I n  any event, the adjusted induced efficiency is  given by 

Thus, i n  the example, the induced efficiency of the four-blade propeller 
i s  0.892, and tha t  of the six-blade propeller i s  0.91. 

Adjustment fo r  dual rotation.- An examination of the lower right-  
hand corner of figure 1 shows that rather low values of 
a t  the higher values of V/nD and t o t a l  ac t iv i ty  factor.  Figure 3 is 
a plot  of the quantity Er/P against J a t  various constant values of 
t o t a l  ac t iv i ty  factor and blade number. 
energy loss  due t o  rotation of the slipstream. Experience has shown that 
about 60 percent of th i s  loss  i s  recoverable through the use of  dual- 
rotating propellers. Thus, the adjusted induced efficiency f o r  a dual- 
rotating propeller i s  

qi' axe obtained 

This quantity i s  the fract ional  

qi = Ti' + AT, + 0.6 P 

I n  the example of figure 1 a six-blade dual-rotating propeller would 
have an over-all induced.efficiency of 0.946 as compared witn 0.910 for  
the six-blade single-rotating propeller. 

The results of reference 3 show that a dual-rotating propeller i s  
noisier than a single-rotating propeller at a given power loading, pro- 
pel ler  t i p  speed, diameter, and number of blades. Thus, f o r  a given 
sound-intensity level, the dual-rotating propeller would require a lower 
t i p  speed than would the single-rotating propeller. 

Adjustment for  propeller blade drag.- Figure 4 is  a plot  of esti-  

mated prof i le  efficiency as a function of f l i g h t  Mach number w i t h  J = - v 
IiD 

as parameter. 
r a t i o  distribution as shown i n  figure 5.  
pel ler  efficiency i s  given by the product 

The curves correspond t o  a propeller having a thickness- 
The approximate over-all pro- 

for  e i ther  single- or dual-rotating propellers. 
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For the sample problem indicated by the arrows i n  figure 1, where 
the conditions of the problem resulted i n  an advance r a t io  of 2.64 and 
a f l i gh t  Mach nuniber of 0.54, the corresponding value of from fig- 
ure 4 is  0.96. Thus the over-all efficiency q of the four-blade con- 
figuration would be Tiq0 = 0.856. The over-all efficiency of the six- 
blade configuration would be 0.874 f o r  single rotation or 0.908 fo r  dual 
rotation. 

qo 

' 

SummaSy outline of propeller selection procedure for  cruising con- 
dition.- The foregoing discussion maybe summarized by the following 
step-by-step procedure : 

1. For the given cruising velocity, alt i tude,  and shaft horsepower, 
choose a desired value of rotational t i p  speed gnD. Calculate V/nD 
from the equation 

2. From figure 1, ob-sin the basic inLxed efficiency 
the t o t a l  ac t iv i ty  factor for  various propeller diameters. 

Ti' and 

3.  Select a suitable number of blades for  each case and use f ig-  
ure 2 t o  obtain the appropriate adjustment Av,. Compute qi from the 
equation 

4. If dual rotation appears desirable, obtain the quantity q / P  
from figure 3 and compute qi from 

T~ - - qi' -k Aqi + 0.6 E r  - 
P 

5 .  For the required f l i gh t  Mach number and the t r ia l  value of V/nD, 
obtain yo from figure 4. Compute q from the equation 
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Factors governing take-off run.- A discussion of the factors 
affecting the take-off run is  given i n  reference 4. It i s  pointed out 
that the major factors affecting the take-off run, aside from such fac- 
t o r s  as p i lo t  technique, engine power variations, and presence o r  absence 
of wind, are weight of the plane, ground fr ic t ion,  air drag, and varia- 
t ion  of thrust  during the take-off run. 
variation of thrust, which w i l l  be seen l a t e r  t o  be a reasonable assump- 
tion, Diehl, i n  reference 4, obtained a simplified formula for  the take- 
off run. 

By assuming a straight-line 

I n  the notation of the present paper, the formula is: 

where 

and where Ks is a function of the r a t io  

A plot of Ks 
given herein as figure 6. 

against t h i s  r a t io  i s  reproduced from reference 4 and i s  

Evaluation of the take-off run i n  a calm requires the value of 
s t a t i c  thrust  and the value of thrust  at take-off velocity; the other 
quantities i n  the take-off formula are presumed t o  be known. Before 
proceeding t o  methods for  estimating these thrusts,  typical values of 
p and D/L w i l l  be cited.  Reference 4 gives the value of p for  
hard-surfaced runways as 0.02, which would be typical of normal comer- 
cia1 airports, and gives a range of values of  p. for  other types of 
runways. 
value of 
i n  calculating the take-off run. Now that  par t ia l ly  deflected flaps 
are comonly used i n  the take-off, the use of such a value i n  making 

I n  th i s  reference the suggestion is made that  the maximum 
L/D for  the airplane can be used with satisfactory accuracy 
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the calculation does not seem advisable. The value of L/D at take-off 
velocity for modern transport airplanes with flaps par t ia l ly  deflected 
is  shown by some unpublished NACA data t o  be about 8 or 9. 

Charts for determination of thrust  fo r  take-off run.- A convenient 

Figure 8 i s  an aux- 
chart fo r  estimating the thrust  for  the take-off run i s  given i n  fig- 
ure 7. 
i l i a r y  chart (a lso reproduced from re f .  5) used t o  account f o r  varia- 

tions i n  ac t iv i ty  factor.  Figure 7 shows the r a t i o  CT/cp2/’ as a 

function of the quantity 

parameter. The quantity C is  obtained from 

This chart is reproduced from reference 5. 

/ 1/3 with the power coefficient C as 
PX J Cp 

PX 

where X i s  a function of t o t a l  act ivi ty  factor as shown in  figure 8. 

I n  order t o  obtain the s t a t i c  thrust  To it i s  necessary f i r s t  t o  
calculate Cp fromthe formula 

P cp = - 
pnb5  

where P 
power, and then t o  calculate 

cT/cp2I3 for  

i s  the power i n  foot-pounds per second rather than the horse- . This value of C is  used t o  obtain 
cpx PX 

= 0 and the s t a t i c  thrust i s  given by 

It should be noted that the power P and propeller rotat ional  
speed n i n  the above equations are l ike ly  t o  be different from the 
values used f o r  the cruising condition. 
and take-off engine power and rotational speed depends on the engine 
6haracteristics and on how the engine is  operated. 

The difference between cruising 
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The thrust at take-off velocity is  obtained from the same equations 

used t o  obtain the s t a t i c  thrust except that the r a t i o  CT/Cp2/3 i s  

obtained f o r ’  the value of J/CP1/3 corresponding t o  the take-off velob- 
i t y .  The velocity for  take-off is  given by I 

Although the propeller data used i n  preparing figure 7 were obtained 
from the resu l t s  of tests of a relat ively thick propeller having cylin- 
dr ica l  blade shanks, values of s t a t i c  thrust  obtained from figure 7 - 
apply very well t o  more modern thinner propellers having a i r f o i l  shank 
sections, provided tha t  moderately cmbered blades (czd = 0.4 t o  0.6 
are used. The resu l t s  i n  figure 7 do not apply at a l l  well fo r  uncam- 
bered blades, but such blades are not suitable for  operations involving 
the low section speeds necessary t o  reduce noise. 

1 

PX Take-off i s  usually accomplished at  a constant value of C 

Inasmuch as Jt/Cp1/3 ra re ly  exceeds a value of  about 1.5, an inspec- 

t ion  of the variation of C T / C ~ ~ / ~  with J/C!p1/3 a t  a constant value 

- 

of C between the limits % 1.5 ( f ig .  7) shows 
PX 

tha t  the assumption of a l inear  variation of thrust  for  calculating the 
take-off run ( r e f .  4) gives a reasonably accurate approximation of the’ 
actual variation of thrust. 

Round-shank propeller blades undergo progressively larger drag 
losses as the airspeed i s  increased. For this reason, the resu l t s  i n  
figure 7 give values of thrust  which are from 3 t o  5 percent lower than 
the thrus t  of more modern propeller blades at airspeeds as low as 
100 m i l e s  per hour. 
higher airspeeds. For t h i s  reason, a ser ies  of charts has been pre- 
pared t o  show the efficiency of propellers having the thickness distri- 
bution of figure 5 for  airspeeds from 100 t o  250 miles per hour a t  
NACA standard sea-level atmospheric conditions. 
rotat ing propellers are given i n  figures 9 t o  14 and the results for  
dual-rotating propel>es---mT’-given i n  figures 15 t o  18. For take-off 
veloci t ies  of 100 miles per hour or greater, these charts can be used 
t o  obtain closer estimates of  the take-off th rus t  for  propellers having 
a i r f o i l  shank sections than i s  given by figure 7. The efficiencies for  

The error becomes even more pronounced at  the 

The results for  single- 
. 
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the higher velocities can be used f o r  calculating i n i t i a l  ra tes  of clinib 
at sea level. 
dix B. 

The construction of these charts is  explained in  appen- 

Summary outline of procedure for estimating take-off run.- The pro- 
cedure fo r  estimating the take-off run can be swrmzasized as follows: 

1. For each t r ia l  propeller, using take-off horsepower and rota- 
t iona l  speed, compute Cp from 

2. U s e  figure 8 t o  find the quantity X as a function of the t o t a l  
act ivi ty  factor determined from the preliminmy calculation fo r  the 
cruising condition. Compute C from the formula 

PX 

& = O for 
3 .  Obtain from figure 7 the value of CT/Cp2/3 a t  

Using t h i s  value, compute the s t a t i c  thrust:  
PX 

the given value of C 

P CT To = 
cp2/3 nocp1/3 

4. Compute the quantity Jt/Cp1/3, where 

The velocity a t  take-off i s  given by 
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From figure 7 obtain the value of cT/Cp2/j tha t  corresponds t o  the 

quanti+,ies Jt/Cp1/3 and Cpx, and use t h i s  value t o  compute the take- 

off thrust :  ' 

If Vt 
value of take-off thrust  can be obtained from figures 9 t o  18. 
of 7 
interpolat  ion, whereupon 

i s  equal t o  or  greater than 100 m i l e s  per hour a more accurate 

i s  obtained from the appropriate figure by d i rec t  reading o r  by 
A value 

where Vt i s  i n  fee t  per second. 

5 .  Calculate the quantity 

and obtain Ks from figure 6.  

6. Compute the take-off distance from 

where 
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CONCLUDING IBMAFKS 

The present paper has been prepared with the idea of giving a rea- 
sonably short procedure for  determining the e f fec t  of the major propeller 
variables on the cruising and take-off performance of propellers. 
procedure consists of a trial-and-error process for  arriving at a suit- 
able propeller t o  m e e t  both the cruising and take-off requirements. 
Additional data are given t o  a id  i n  the estimation of i n i t i a l  rates of 
climb. 

The 

J 

Langley Aeronautical Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley Field, Va., April 24, 1953. 
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APPENDIX A 

C0NSTRzx;rTION O F  PROPELLER SELECTION CHARTS 

NACA TN. 2966 

References 1 and 6 present propeller selection charts i n  which the 
basic propeller parameters are interrelated i n  such a manner as t o  fac i l -  
i t a t e  the selection of a propeller for  a given design condition. 
the purposes of the present paper, it was found convenient t o  rearrange 
these charts as propeller performance charts, as shown i n  figure 19. 
These charts show the optimum induced efficiency 

For 

qi as a function of 

- l /3  w i t h  and J as parameters. Also included are l ines  
cpi 

of constant Pc -’/3. There i s  a separate chart f o r  each blade number 

because qi i s  a f’unction of blade number. 
v i  

The induced efficiency qi and the propeller-element load coeff i- 
cient 

rather than the t o t a l  power P, and there i s  also some dependency on the 
distribution of l i f t  along the blades. 
ignored i n  many cases with only a small loss i n  accuracy. 
where the propeller operates near p e a  efficiency, 

as being dependent on P rather than on P i  as a first approximation 
w i t h  sufficient accuracy for  preliminary propeller analyses. 

(uc 2) . 7R are primarily functions of the power due t o  l i f t  Pi 

This l a t t e r  dependency can be 
For cases 

qi can be considered 

The parameter C P - l / 3  i s  a convenient form of the power coeffi- 
cient because it i s  direct ly  proportional t o  the term nD 
the definit ion 

as shown by, 

The term nD has a direct  bearing on the propeller-noise problem. 

For normal transport-airplane cruising conditions it is desirable 
t o  operate the propeller w i t h  c a t  a value i n  the neighborhood of 

0.5, the propeller being properly cambered for  t h i s  l i f t  coefficient i n  
order t o  a t ta in  a maximum value of section l if t-drag ra t io .  The induced 
efficiency i s  shown by the charts of figure 19 t o  be dependent on the 

20 .-pl 
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product fclc . Thus, if the required value of has been 

determined, an arbi t rary assignment of a value t o  

required value of ao. 7~ by simple division. It can be seen that for  
a ser ies  of a rb i t ra r i ly  assigned values of 

ser ies  of values of 
ciency. 

. limits 0.4 t o  0.6, there i s  also very l i t t l e  change i n  the section lift- 
drag r a t io ,  and hence the over-all efficiency remains nearly constant. 

gives the 
czO .7R 

a corresponding 
czO .7R 

0 o.7R results with no change i n  the induced eff i -  
By keeping the range of l i f t  coefficients i n  the approximate 

Although the so l id i ty  o O e p  i s  usually used as a measure of t o t a l  
blade width i n  theoretical  investigations, the propeller industry has 
found it convenient t o  re fer  t o  the blade width i n  terms of ac t iv i ty  
factor .  Reference 6 gives an approximate conversion factor : 

Total ac t iv i ty  factor 2 , 6 0 0 ~ ~ . ~  

Thus , .can be expressed i n  terms of the product 

Total ac t iv i ty  factor x c l  
0.m 

or ,  i f  cz  i s  given an arbi t rary value of 0.5, then 
0.P 

This definit ion of t o t a l  ac t iv i ty  factor w a s  used i n  constructing f ig-  
ure 1. 

The lower left-hand corner of figure 1 w a s  constructed by plott ing 

the quantity (D2/P) ' j 3  against shaft horsepower for constant values 

of D. The upper left-hand corner i s  a plot of a t  con- 
s tant  values of p ,  where p i s  expressed i n  terms of NACA standard 

where nD is  expressed i n  terms of the t i p  rotat ional  speed anD. The 

lower right-hand corner is  obtained by plott ing 

density a l t i tude.  The upper right-hand corner is  a plot  of nD(pD*/P) 1/3 

Q' against nD (pD2/P) 
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with V/nD and (ac 

tor with c 

propeller. 
vi '  for a six-blade propeller from vi for  the same loading and V/nD 
for other numbers of blades. 

(expressed i n  terms of t o t a l  ac t iv i ty  fac- 

= 0.5 as parameters. Figure 1 is based on a six-blade ) 20 .m 
The adjustment factors i n  figure 2 are obtained by subtracting 

The adjustment factors for dual-rotating propellers itre derived 

Figure 3 w a s  constructed by expressing 
(ac 2) 0. m' the from charts i n  reference 6 which show Er/P 

number of blades, and V/nD. 

structing figure 1. 

i n  terms of 

i n  terms of t o t a l  ac t iv i ty  factor i n  the manner used for con- ( W 0 . p  
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APPENDM B 

CO8STRUCTION OF CHARTS OF PROPELLER EFFICIENCY AND 

TIP MACH NUBEER AT SEA I;FvEL 

The propeller-performance curves i n  figures 9 to  18 were obtained 
for  most of the range by a method similar t o  tha t  of references 1 and 6. 
The present method d i f fe rs  only i n  that  the induced losses are obtained 
from figure 19, which i s  merely a rearrangement of the induced-loss 
charts of references 1 and 6, and values of the drag lo s s  t o  correspond 
t o  the thickness distribution of figure 5 are used. The thickness dis- 
t r ibut ion of figure 5 i s  considered t o  be more nearly typical of the 
thickness distribution of propellers currently i n  use than tha t  of ref- 
erences 1 and 6.  I n  particular,  the round shanks have been eliminated. 

The short method of  estimating propeller performance is applicable 
from approximately 0.13 t o  0.8. For operating 

c 2 0 . p  
for a range of 

conditions not i n  t h i s  range i t  i s  necessary t o  make s t r i p  calculations 
as  i n  reference 7, or t o  use experimental data i f  available. 

In  preparing figures 9 t o  18, the element so l id i ty  per blade a t  
the 0.m stat ion w a s  taken t o  be 0.043. 
ac t iv i ty  factor of about 120. 

This value corresponds t o  an 

The variation with advance r a t i o  of C and CpD, expressed i n  
TD 

terms of 
drag coefficient used i n  calculating C and C i s  as follows: 

aoeP, i s  shown i n  figure 20. m e  distribution of the section 

TD PD 

B l a d e  station, 
X 

0.30 
45 

.60 
* 70 
.80 
90 

9 95 

Section drag 
coefficient, Cd 

1 
0.010 

.oog 

.008 

.007 

.006 

.006 

.006 
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The values l isted for  
thickness dis t r ibut ion of figure 5 .  
some variations from the values l i s t e d  are encountered, but these varia- 
t ions are not of importance unless the propeller i s  s ta l led  or  par t ia l ly  
s t a l l ed .  
c ient ly  accurate t o  base the calculations of C and C on a pro- 

pel ler  blade having a rectangular plan form. 

Cd are  representative of minimum values for the 
Under actual  operating conditions, 

Because of these variations, it was  considered t o  be suffi- 

TD PD 

A s  a matter of interest ,  figures 9 t o  14 include curves of 
These curves are representative of the upper l i m i t  of the e f f i -  

are given i n  the legends of figures 15 t o  18 t o  indicate the 

qi f o r  
B = 4. 
ciency ( single-rotating propellers) fo r  each operating condition. 
of qa 
upper l i m i t  for dual-rotating propellers. 

Values 



NACA TN 2966 19 

REFERFNCES 

1. Crigler, John L., and Jaquis, Robert E.: Propeller-Efficiency Chaxts 
NACA TN 1338, 1947. for Light Airplanes. 

2. Hubbard, Harvey H., and Regier, Arthur A.:  Propeller-Loudness Charts 
f o r  Light Airplanes. NACA TN 1358, 1947. 

3 .  Hubbard, Harvey H .  : Propeller-Noise Charts for Transport Airplanes. 
NACA TN 2968, 1953. 

4. Diehl, Walter S . : The Calculation of Take-Off Run. NACA Rep. 450, 
1932 

5 .  Uddenberg, R.: A General Propeller Chart Suitable for  a Wide Range 
of Propellers. Rep. No. D-4842, Boeing Aircraft Co.,  May 12, 1943. 

6. Crigler, John L., and Talkin, Herbert W. : Charts f o r  Determining 
Propeller Efficiency . NACA WR L-144, 1944. (Formerly NACA 
ACR .) 

7. Crigler, John L.: Comparison of Calculated and Experimental Pro- 
pel ler  Characteristics for Four-, Six-, and Eight-Blade Single- 
Rotating Propellers. NACA WR L-362, 1944. (Formerly NACA 
ACR 4BO4. ) 



20 NACA TN 2966 

t 

rl 



NACA TN 2966 

0 N 
0 
i 

P 
9 

23 
0 
i i 

21 



22 NACA TN 2966 

Advance ratio, J 

I B I  I 

Figure 3.- Fractional energy loss due to slipstream rotation, to be used 
in adjusting basic induced efficiency of dual-rotating propellers. 
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i 
Figure 4.- Estimated variation of peak profile efficiency with flight 

Mach number for various advance ratios. 
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Blade station, x 

Figure 5.- Thickness distribution for representative transport propeller. 
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, 

Takc-off coefficient, X, 

Figure 6.- Coefficient for  take-off run i n  a calm. Reproduced from 

Tt I) 
7 - jz reference 4. - 

CI. 

Final net thrust - 
I n i t i a l  net thrust  To 

W 
_.- 



26 TN 2966 - 

+I 
k 
0 
I 

' 4  -P 



- I '  

NACA TN 2966 27 

Total Activity Factor 

Figure 8.- Variation of power-coefficient adjustment factor X with 
total activity factor. Reproduced from reference 5. 
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N, r m  

(a )  D = 10.0; V I 100 mph. 

N, rpm 

(b) D 12.0; V - 100 mph. 

600 goo 1000 1100 1200 1300 1400 1500 1600 

N, rpm 

( 0 )  D 14.0; V - 100 mph. 
Figure 9.- Propeller efficiency and t i p  Mach number at  sea level.  Single 

rotation; 1,000 horsepower; act ivi ty  factor, I20 per blade. 
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Figure 9.- Continued. 
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1.0 

.8 

17 

MR .6 

.4 

N, rpm 
(h) D = 12.0; V = 200 mph. 

- /’ v- 
/’ I I I 
10 100 go0 900 1000 1100 1200 1300 14.00 1500 1600 

N, rPm 

(1) D = 14.0; V = 200 mph. 

Figure 9.- Continued. 
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N, r p m  

( J )  D = 10.0; V = 250 mph. 

Figure 9.  - Concluded. 
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1.0 

.8 

‘I 

.6 

.4 

N, rpm 

(a) D = 12.0; V = 100 mph. 

800 1000 1100 1200 1300 1400 1500 1600 

1. r p m  

(b) D = 14.0; V = 100 mph. 

1.0 

.4 

1, rpm 

(e )  D = 16.0; V = 100 mph. 

Figure 10.- Propeller efficiency and t i p  Mach nmber at  sea level.  
rotation; 2,000 horsepower; ac t iv i ty  factor, 120 per blade. 

Single 
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N, r p m  

(d) D = 12.0; V = 150 mph. 

N, Fpm 

( e )  D = 14.0; V = 150 mph. 

N, rPm 

(f) D = 16.0; V = 150 mph. 

Figure 10.- Continued. 
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I 
- 

1’ 

N, rpm 

(h) D = 14.9; V = 200 mph. 

(1) D = 16.0; V = 200 mph. 

Figure 10. - Continued. 
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I, rpm 
( j )  D = 12.0; V - 250 mph. 

N, r P  
(k) D = 14.0; V = 250 mph. 

rpm 

(1) D = 16.0; V = 250 mph. 

io0 

io0 

Figure 10. - Concluded. 
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1.0 
4 

.d 

T 
M ? 6 

.4 
1200 1300 1400 -1500 1600 600 goo 1000 1100 

N, rpm 

(a) D = 14.0; V = 100 mph. 

N, rPm 

(b) D 16.0; V = 100 mph. 

N, rpm 

(I?) D = ld.0; V = 100 mph. 

Figure 11.- Propeller efficiency and t i p  Mach number at sea level. 
rotation; 4,000 horsepower; ac t iv i ty  factor,  120 per blade. 

Single 
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N, rpm 

( e )  D = 16.0; V = 150 mph. 
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N, rpm 

( g )  D = 14.0; V = 200 mph. 

Figure 11.- Continued. 
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( J )  D - 14.0; V = 250 mph. 

N, r p m  

(k) D = 16.0; V = 250 mph. 

Figure 11.- Concluded. 
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.500 

(a) D = 16.0; V = 100 mph. 

N, rpm 

(b) D = 16.0; V = 100 mph. 

Figure 12.- Propeller efficiency and t i p  Mach number a t  sea level.  
rotation; 6,000 horsepower; ac t iv i ty  factor,  120 per blade. 

Single 
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N, rpm 

( c )  D - 16.0; V - 150 mph. 

N, rpm 

(6) D = ld.0; V = 150 mph. 

Figure 12.- Continued. 
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1200 1300 1400 1500 600 1000 1100 

N, w m  
( e )  D = 16.0; V = 200 mph. 

1 

Figure 12.- Continued. 
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Figure 12. - Concluded. 
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N, rPm 

(a) D 18.0; V = 100 mph. 

N, rpm 

(b) D = 20.0; V = 100 mph. 

Figure 13.- Propeller efficiency and tip Mach number at sea level. 
rotation; 8,000 horsepower; activity factor, 120 per blade. 

Single 
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N, rpm 

( c )  D - 18.0; Y = 150 mph. 

8,  rpm 

(a) D = 20.0; V = 150 mph. 

Figure 13.- Continued. 
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N, rpm 

( e )  D = lg.0; V = 200 mph. 

1.0 

rl 

MR .6 

.4 
600 coo 900 1000 1100 1200 1300 1400 400 

N. rw 
(f') D = 20.0; V = 200 mph. 

Figure 13.- Continued. 
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N, rpm 

( g )  D - lg .0;  V - 250 mph. 

N, rpn 

(h) D = 20.0; V = 250 mph. 

Figure 13.- Concluded. 
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M, r p m  

(a) D = 20.0; V = 100 mph. 

N, rpm 

(b) D = 20.0; V = 150 mph. 

Figure 14.- Propeller efficiency and t i p  Mach number a t  sea level.  Single 
rotation; 10,000 horsepower; actLvity factor, 120 per blade. 
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N. Fpm 

( C )  D = 20.0; V = 200 mph. 

Figure 14.- Concluded. 



800 900 1000 1100 1200 1300 1400 190 0 600 

N, wm 
f c )  D = 18.0; V - 100 mph; 7ie= 0.758. 

Figure 15.- Propeller efficiency and t i p  Mach number at sea level.  Dual 
rotation; 4,000 horsepower; act ivi ty  factor, 120 per blade. 
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N, rpm 

la= 0.g76. (f) D = 16.0; V = 150 mph; 

Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Concluded. 
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100 

( a )  D = 14.0; V = 100 mph; - 0.635. 

N, rpm 
( c )  D = lg.0; V - 100 mph; 7 - 0.705. 

Figure 16.- Propeller efficiency and t i p  Mach number a t  sea level .  D u a l  
rotation; 6,000 horsepower; ac t iv i ty  factor,  120 per blade. 
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Figure 16.- Continued. 
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Figure 16.- Continued. 
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N, rpm 

( 3 )  D 14.0; V - 250 mph; = 0.920. “7. 

Figure 16.- Concluded. 
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1 

7 
MR 

N, r p m  

(a) D = 16.0; V E 100 mph; = 0.635. 

(b) D = ld.0; V = 100 mph; 0.665. 

N, V m  

( c )  D - 20.0; V = 100 mph; i. 0.695. 7a 

Figure 17.- Propeller efficiency and t i p  Mach number a t  sea level.  Dual 
rotation; 8,000 horsepower; ac t iv i ty  factor,  120 per blade. 
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N, rpm 

(a) D P 16.0; V = 150 rnph; = 0.790. 7a 
1 

Figure 17.- Continued. 
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N, rprn 

/IQ= 0-s7L (6) D = 16.0; V = 200 mph; 

(hf  D * 18.0; V = 200 mph; = 0.s90. 

I, wm 

Figure 17.- Continued. 
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I, r p m  

( a )  D = 16.0; v = 100 mph; = 0.600. 74 
1 

I, rpm 

( c )  D - 20.J; V = 100 mph; = 0.661. 7 a  

Figure 18.- Propeller efficiency and t i p  Mach number a t  sea level. 
rotation; 10,000 horsepower; ac t iv i ty  factor ,  120 per blade. 

Dual 
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N, rpm 

(d) D - 16.0; V = 150 mph; - 0.765. F 
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N, rpm 

(h) D = ld.0; V = 200 mph; /la= 0 . w .  

DO 

COO 
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N, rpm 

( J )  D - 16.0; V - 250 mph; p= 0.909. 
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( c )  Six-blade propellers. 

Figure 19.- Continued. 
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1 

(d) E!-ght-blade propel le rs .  

Figure 19.- Concluded. 
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