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MATIONAL ADVISOKY C m  FOR AERONAUTICS 

TWO-BLADE NACA 10-(3)(&2)-&5 PROPEUZR 

An investigation has been  conducted to determine  the  static  char- 
acteristics of a two-blade NACA 10-(3) (062)-&5 propeller. Experimental 
data were  obtained  for a blade-angle  range from -9 to 400 measured  st 
the 0.75 radial  station and for  tip  Mach riders up  to 1.0. Comparisons 
of experFmental  data  with  thrust and power  coefficients  calculated by 
skip theory  show  good  agreement  where  adequate  airfoil data are availa- 
ble.  At any given  blade  angle  the  static  thrust  figure of merit  increases 
with  increasing  tip  Mach  nmriber  for  values of tip  MELch n-er ug to 1.0. 
Mild stall flutter  occurred at the  higher  blade  angles  limiting  the  rota- 
tional  speed to tip Ma& nunibers  less  than 1.0. 

INTRODUCTION 

0 

The  results  of  static  thrust  tests of propellers varying in caniber 
(for example, ref. 1) have BhOWn that the  static  thrust  characteristics 

peller  desi-.  Therefore, methods for estimating  static  thrust,  which 
are  based on tests of propellers  incorporating Clark Y or RAF 6 airfoil 
sections (for example,  refs. 2 to 4), may yield  erroneous  results  when 
used  to  estlmate  the  static  thrust  of  propellers w i t h  NACA 16-series or 
other  low-drag  airfoil  sections.  Although some data have been  published 
on propellers of low-drag  airfoil  sections,  the lack of a complete  range 
of such data makes  it  desirable to check  the  applicability  of  strip  theory 
for  the  calculation of static thrust and  power  characteristics as a method 
of  surmounting  the  inadequacies of references 2 to 4. 

- vary widely  depending on the  type of airfoil  sections  used in the  pro- 

A strip-theory  method  for  determining  the  static  characteristics of 
a propeller  is  presented in this  paper. The treatment  accounts  for a 
finite  nuniber of blades by  use of the  Lock-Goldstein  factor  and  for  com- 
,pressibility  effects by use of airfoil data obtained  at  high  speeds. 



b The  purpose  of  the  present  paper is to augment  the experimental 
data on  propellers  incorporating U C A  16-series  airfoil  sections  with 
the  results from an investigation on the Langley propeller  static t e s t  . 
stand of a two-blade  MACA 10-(3) (062)-045 propeller.  Additional  purposes 
were  to  provide data for comparison with an empirical  method  for  esti- 
mating  propeller  static  characteristics  (ref. 2) and  for  comparison  with 
the mre tedious  strip-theory  analysis.  The  tests  covered a range of 
blade  angles f r o m  -5O to 400 neasured  at  the 0.75 radial  station  and  tip 
Mach nuuibers  up  to 1.0. 

SYMBOLS 

B 

b 

ca 

CZ 

2d 

CP 

Cr 

cT/cP 

D 

All 

G 

nuniber  of  blades 

blade  width 

section drag coefficient 

section  lift  coefficient 

design  blade  section lift coefficient 

power  coefficient, - P 

pn3D5 

thrust  coefficient, - T 
Pn %4 

static thrust figure of merit 

propeller  diameter 

drag of a blade  element 

Lock-Goldstein induced-velocity-correction factor for a 
finite  nmiber of blades 

blade  thickness 

lift of a blade  element 

tip  Mach  nmiber,  based on rotational  speed of propeller  tip 

. -  
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N 

n 

P 

Q 

m/r 

R 

AR 

r 

T 

v 
W 

wi 

X 

PX 

Mach nmiber of station x, Mtx cos $ 

propeller  ro-ktional speed, z-pm 

propeller  rotational  speed, r p s  

power 

tor que 

force  resisting  propeller ro ta t ion  

propeller-tip  radius 

resultant  force on a blade element 

radius to station x 

tbrus t 

axial  velocity 

resultant  velocity  at  section,  cos fl 
induced  velocity at blade  section 

fraction of propeller-ti9  radius, r /R 

blade  angle  at  station x, deg 

Cd 
cz 
- . .  

P air density 

G total  propeller solidity, Bb/ltDx 

Subscripts: 

0, 1, 2, 3, etc.  order of approximation 
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APPARKWS 

6,000-Horsepower  Propeller  Dynamometer 

NACA RM L 9 A l g  

The dynamometer power  was  supplied  by two 3,000-horsepower  induc- 
tion  motors  mounted  on  vertical support struts  of  circular-arc  airfoil 
section.  The two units  can  be  operated  independently of one mother or 
coupled and operated  as a single  6,000-horsepower  unit.  Figure 1 shows 
the m o m e t e r  at  the Langley propeller  static  test  stand as it  was 
used  for  this  investigation.  Reference 1 gives a detailed  description 
of the dynamometer and its  principal  arrangements. 

Propeller 

The propeller  used  for  this  investigation  was  constructed of solid 
Duralumin  and  was  designated a two-blade NACA 10-(3)(062)-045 propeller. 
The  numerals in the  propeller  designation  give:  the  diameter in feet, 10; 
and  the followiw design  conditions  at  the 0.7 radial  station:  design 
lift  coefficient, 0.3; thickness  ratio, 0.062; and  solidity  per  blade, 
0.045. Figure 2 shows  the  propeller  mounted on the dynamometer. The 
propeller  blade-form  curves  are shown in  figure 3. The spinner sur- 
face  is  located  at x = 0.267. A 32-inch-diameter  spinner  and  spinner- 
cover  plates  were  used  in  this  investigation  (see  fig. 2). 

TESTS, DATA REDUCTION, AND ACCURACY 

Tests 

Thrust,  torque, and rotational  speed  were  measured  at  intervals of 
100 r p m  from 600 r p m  to 2,200 rpm or until stall flutter  occurred. At 
the  highest  blade  angle, data were taken starting  at 450 rpm. These 
propeller  blades had not  been  whirl tested above 2,200 rpm because  this 
was  considered a marginally  safe  speed;  therefore  the  maximurn  rotational 
speed was limited to 2,200 rpm during  these  aerodynamic  tests. 

Data  Reduction 

The  thrust  and  power datxt have been  reduced to the  nondimensional 
coefficients % and Cp. 

The  calculated  coefficients.are  based  on the forces  acting on a 
blade  element  (see  fig. 4) and the equations  for  section  thrust and power 



coefficients are derived  for the s t a t i c  case uhen V = 0 using  propeller 
vortex  theory w i t h  the Lock-Goldstein correction f o r  f i n i t e  nuuiber of 
blades. 

The equations  derived for  section thrust and power coefffcients  in 
th i s  paper are: 

The values of C, and Cp are found by integration of the grading 
curves. The derivation and the method of calculation are given Fn the 
appendix. 

Accuracy  of merFmental Data 

The wind velocity a t  the t e s t   f ac i l i t y  was measured  by a sensitive 
hot-wire anemometer  and f o r  this investigation M test was mile when the 
w i n d  velocity was greater tPlan 2.5 mph. No c-orrectfons to the data are 
believed  to  be  necessary  for wind velocities of this magnitude. 

. The stat ic   cal ibrat ion of the "ust and. torque measuring systems 
indicates a  probable error of i3.5 pounds of thrust d s . 9  foot-pounds 
of torque  (see ref. 1). Duplicate tests a t  the same conditions show C$ 
and Cp to  be repeated  within fO.OO3. The rotational speed of the dyna- 
mometer can be set to *1/4 rpm. 

RFSULTS AND DISCUSSION 

A comparison of the experimental data w i t h  the calculated  results 
from the strip-theory  analysis and with results obtained from the working 
charts of reference  2 i s  presented in figure 5. The strip theoly is 
shown t o  be i n  good agreement w i t h  the experimental data a t  the l o w  blade 
angles (4' and 100) and i n  fair agreement a t  a blade angle of 15O. The 
lack of a i r f o i l  data f o r  the correct caniber  and thickness r a t i o  a t  high 
angles of attack and high s~.&sonic Mach  nuaibers prevented reliable calcu- 
lation for  blade  angles  greater  than 15O, and it was necessary t o  extra- 
polate some of the existing a i r f o i l  data t o  obtain  section  thrust and . 



power  coefficients  for  the  fnboard.  stations  at pOe7% = 15O. Because 

the  power  coefficients  measured  at  blade  angles  of 4' and loo were  less 
than  the  smallest  value of parer  coefficient  for  which  thrust data are 
presented  in  reference 2, the  thrust  coefficienk  could  not  be  obtained 
from  the  working charts of -reference 2 for these blade angles.  The  power 
coefficients  used  to  obtain  the  Uhrust  coefficient from the  working  charts 
at 15O and 200 blade  angles  were  the  values  measured  for  these  blade 
angles. In spite  of  the  limitations  to  the  strip-themy  analysis  (the 
necessity  for  extrapolation  of  %he  airPoi1 &-+-,a) at  the 150 blade-angle 
setting,  the  agreement is much  better  than  that sham for  the  method  of 
reference 2. The  working  charts  yield  results  which  are very optimistic 
at a blade  angle of 2 s .  

Variation  of  static  characteristics  with  tip  Mach  ntrmber. - Figure 6 
shows  the  variation of % and  Cp  with  tip  Mach  number  for  all  blade 
angles  tested. The increased  slope of the C, and Cp curves  with 
increasing  tip  Mach  nunibers  would be  expected  because  most  of  the  blade 
sections are operating  at  subcritical  speeds  and  develop  higher  lift- 
curve  slopes  in  accordance  with  the  Prandtl-Glauert  relation  (ref. ?). 
Stall flutter lbited the  rotational  speed  at  blade  angles of 200, 300, 
and 40'. Because  the  blade  torsional  oscillations  were  not  measured 
during  these tests, stall flutter  was  detected  audibly and was somethes 
difficult to distinguish f r o m  the  ordinary  propeller  noise  at  these high 
blade  angles. 

Variation of static  characteristics  with  blade  angle  at a constant 
tip  Mach  nuniber.-  The  variation  of the thrust  coefficient,  the  power 
coefficient,  and the static  thrust  figure of merit  with  blade  angle  at 
a tip  Mach nuniK)er of 0.3 are  shown  in figure 7. The  propeller  coeffi- 
cient  curves  are malogous to  the  variation  of  lift  and  drag  coefficients 
and  lift-to-drag  ratio  with  angle. of attack for a w i n g .  One difference 
is  apparent  in  that  the-thrust-coefficient  curve d&s not s h o w  a marked 
stall at  the high blade  angles.  This  difference is probably  due to the 
pitch  distribution  (different  blade  sections  stalling  at  different  times). 

- 

Wfect of  tip  speed.- The static  thrust  figure-of-merit  variation 
with  power  coefficient is presented  in  figure 8 for  tip  Mach  nuuibers 
of 0.3, 0.7, and 1.0. "&maximum value of */Cp is obtained  at a tip 
Mach  number  of 1.0 and  there  is an increase  in  %/Cp  for all power 
coefficients  at Mt = 1.0 when  compared  with  the  lower  tip  hhch riders. 
The  results of reference 5 indicate an increase in section  lift-drag 
ratio with an increaee-in  Mach  number  below  the  critical  speed.  Since 
most of the  blade  sections  are operathg  at sUbcritical  speeds  when  the 
rotational  tip  Mach n-er is 1.0, an  increase-in CT/C~ would be 
exqected. S t a l l  flutter Umited the  rotational  speed  at  the  higher * 
blade  angles and power  coefficients  greater than about 0.086 could  not 
be  obtained  at a tip  Mach nurciber of 1.0 because of the  flutter  limitation. 

--".----. 
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An investigation has been conducted  to  determine  the  static  char- 
acteristics of a two-blade  NACA 10-(3)(062)-&5 propeller and to  compare 
the  experimental data with  results  calculated  by  strip  theory.  The 
strip-theory  analysis  can be used to predict the static  propeller  char- 
acteristics  if  afrfoil data are available for the  correct  Mach  number, 
angle of attack,  caniber,  and  thickness  ratio.  The  strip  theory  yields 
better  results than an empirical method. 

At any given  blade  angle  the sbtic'thrust figure of merit  increases 
with increasing tip Mach nuuiber  for values of tip Mach rider up to 1.0. 

Langley Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautfcs, 

Langley  Field, Va., January 6 ,  19%. 
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- 
For a propeller  operating under static  conditions the helix  angle $$ 

i s  the induced angle. From reference 6, the induced velocity wi normal 
to  the  helical  vortex  sheet  for a propeller having  a f in i t e  number of 
blades is  

From the  section  velocity  vector diagram (fig. 4) 

or  

Values of the Lock-Goldstein factor  are given in  reference 7 as  a func- 
tion of s in  QI and r/R f o r  propellers having two, three, four, five, 
and six bledes. 

The lift force  acting on a  blade element is 

The resultant of l i f t  and drag  forces  acting on the  blade element -is 

where 
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From the  resolution of forces on a blade e1-k (fig. 4) 

9 

Substitution  of  the  expressions  for L% and AI,  into the foregoing 
expressions  for elemental thrust  and  torque  force, and reduction  to 
coefficient form, yields  the  radial  graddents  of t-t and power 
coefficient as 

The  procedure  used to evaluate  these  equations was as follows: 

(I) Select a vaiue of go to be  about one-half the blade  angle  at 
station x, h.  hen = a, - 91, and % = %x cos go. 

(2) For these  values of and M& select  the  corresponding 
value of czo  from  airfoil data (obtained f r o m  refs.'5 and 8). 

(3) Multiply czo by  b/D  at  station x and  select  the  proper  value 
of $l from table I. Values of $8 are  presented in table I as a func- 
tion  of E c2 and x for two-, three-,  and  four-blade  propellers.  These 
values  represent a solution of the  equation bcz = 4G sin $d tan 9 for 
the  static  case,  for w h i c h  the  data  were  obtained f r o m  references 6 and 7. 
Because $l does not  equal h, the  procedure is repeated using fi. 
Sometimes a fourth approximation  is  necessary to stabilize a, that is, 
before g3 = h. When cz and ($ have  been  determined for each  blade 
station,  the  thrust and power  gradients  can be calculated.  Integration 
of these  thrust and power grading  curves will give  the  propeller  thrust 
and power  coefficients  for  the  selected  operating  condition. 

b 
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Figure 4 .- Forces acting on a blade element. 
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Tip Mach number, Kt 

Figure 5 .- Typical t e s t  results for the NACA 10- (3)  (062) -045 two-blade 
propeller and a cor.qmison with.celculated values. Flagged  symbol^ 
indicate data taken with the rpm decreasing. - 
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Tip Mach number, Mt 

(b) Power coefficient . 
Figure 6.- Concluded. 



Figure 7.- Static characteristics of the two-blade WCA 10-(3)(062)-045 
propeller at a t i p  Mach nunher of 0.3. 
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