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4 RESEARCH MENOFUiXDUM 

THE NACA 10-(0)(066)-03 PROPEXLER UeTDER 

OPERCITIXG CONDEI!IORS 

By Seymour Steinberg and Robert W. Milling 

This paper i s  the  las t  of a series of f ive which present eed 
pressure data obtahed  in tests of f ive f'ull+cale related  propellers 
incorporating KACA l k e r l e s  blade  sections. Pressure distributions on 
the blade sections of these  propellers were Illearned d e r  operating 
conditione t o  determfne the aerodynamic characteristics of each blade 
section. The section aerodynamic coefficients  obtained by integration 
of the measured pressure  di8tribUtiOns are presented  herein, in   tabular  
form, for nine radial stations of the NACA 10-(0) (066)43 propeller. 
The thickness ratio v d e d  f r o m  about 4 percent at the station  nearest 
the t i p  t o  about 16 percent at the innermost section  at a c h  pressures 
were measured. The section  helical Mach  number varied from 0.35 t o  1.14. 

The lack of propeller  blade"section aeroagnamic ch~rac ter i s t ics  at 
tramonic asla l o w  Bupereonic speeds has long been a critical- problem 
entailed in the design of high-epeed propellers. Even if two-dfinensiopal 
a i r f o i l  data for th fs  speed range were available,  there would remain B Q ~ B  
doubt as t o  their  applicability, inasmuch as  propeller  sections  operate 
in a helical  flow under conditions f& from two dimensional. The presant 
work W&B undertaken t o  determine by means of pressure meamraments the 
a s r o m c  characteristics of propeller  sections under a c t u a l   o p e r a t a  
conditions. Reference 1 presents the results of a pre7Anhax-y l n ~ e s t i -  
gation of this ty-ge using  the NACA 1&(3)(08)-03 propeller. A prlmary 
purpose of the e a r l y  investigation was t o  determine the  feasibil i ty of 
the method and t o  develop techniques. The results of the early t e s t s  
were so encouraging that a more comprehensive program vas ini t ia ted fn 
a i c h  a series of  five  related  propellers were t o  be investigated. A l l  
five  propellers had the same blade plan form, pitch  distribution, and 
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solidity  but  varied in  th ichess   ra t io  and design lift coefficient 
accordbg to the  following  table: 

A complete description of the test  apparatw, methods for  reductIan 
of data, and the experimsntal. data are presented Is reference 2 fo r  the 
NACA 1+(3)(066)-03 propeller. References 3, 4, and 5 present the data 
obtained fram tes ts  of NACA propellere lO-(3) (&9)-03, 1&(3) (O9O)-O3, 
and (066)-03, respectiveu.1 

The present paper presents the preesure data obtahed fram t e s t s  of 
n h e  symmetrical sectians of the NACAl+(O)(066)-03 propeller. The 
thicknee6 r a t i o  varied from about 4 percent at the statim nearest the 
t i p  to about 16 percent a t  the i m e m s t  section a t  which pressures were 
measured. The section  helical Mach number  -led fram 0.35 t o  1.14. 
The data have been analyzed cmly t o  the extent necessw to ensure their 
accuracy and t o  facilitate their use. 

a 

0 

Many of the eymbols used in this paper a r e  defined in figure 1; all 
are contained in  the following list: 

B number of blades 

b blade chord, feet 

C distance fram section leading edge t o  any pofnt on chord, feet  

C distance from sectian  leading edge to any p o h t  about which 
- 

pi tchbg marnsnts are taken, feet 

GC section chordwise-force coefficient P 

'The numerical value of sol idity in the blade designations for  all five 
propellera fs 0.03 and the value preeented in references 2 and 3 is 
incorrect. 

s 
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Election drag coefficient 

section l i f t  coefficient 

blade-eectian des€@ l i f t  coefficient 

eect im pitc-nt coefficient about quarte-hord point 

section normal-force coefficient 

propeller diameter, feet 

section normal"pressure force, pounds 

GoSdstelnra induced+mlocity  correction  factor %or finite 
nurdber of blades 

Mach n&er of advance 

heUcal4ection Mach number ( M na 1 + 

~ T ~ X I S ~  coefficient r iPo) 
s t a t i c  pressure a t  point on airfoil surface, pound8 per square 
foot 

free-stream  static pressure,  pound^ per a q w e  foot  
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propeller  tip  radius,  feet 

radius to blade  element,  feet 

polax  ordfnate,  feet 

distance along surface of blade section,  feet 

velocity of ad-vmce (corrected for wind.4unnel-wall inter- 
ference  effects), feet per  second 

reaiLtant  velocity  at blade section,  feet per eecond 

induced velocity  at  blade  section,  feet  per  second 

fraction of propeller  tip -us (r/R) 

normal distance from chord line  to  upper or lower  surface of 
airfoil,  inches 

induced asgle of attack,  degrees 

angle of attack of blade  element,  corrected for induced flow 
and blade deflection,  at radial station x, degrees 
(P, - go + 4 3  - q) 

geometric angle of attack  of blade element  at radial station x, 
(a, - go) 

geometric angle of attack of blade element  at radial station x 
corrected for  torsional  deflection,  degrees (p8: + ~ / 3  - go) 

blade angle, degrees 

blade angle at 0.73 tip radius, degrees 

blade angle at station x, degrees 

change in blade  angle  caused by operating  loade,  degrees 

polar angular ordinate, radians 

~ B B E  deneity of air in free stream, slugs per cubic foot 

I! 

c 
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This investigation w a ~  conducted in the -ey l&foot high-eed 
tunnel using the 2000-horsepower propeller agnamcrmeter described in 
detail  in  reference 60  he functions and details of the pressure- 
transfer device &the optical deflectometer used in these t e s t s  a3ong 
wlth diagrams and photographs of these instruments are presented i n  
reference 2. Figure 2 3-8 a schematic dfagram of the  preaeure4l.stributia1- 
propeller test   installation. 

Propeller blades.- Preseure dfstributiana on nine radial stations 
of the NACA 1~(0)(066)43 propeller were measured a ~ d  SUbSeqUently 
reduced t o  the  coefficient form presented in the  tables. The ILIUm3riCd 
desig~kion  indicates  a 1Hoot-diameter  propeller hadng the follow-ing 
desi- parameters a t  the 0.7 radiue: section desim lift coefficient, 0; 
section t h i c b s s  ratio, 0.066; and s o l i a t y  per b M e ,  0.03. The a c t d  
diameter was 10.05 feet. Except for a portion near the tip,  the  propeller 
blades incorporated NACA l h e r i e s  sectione throughout. The blade width 
and desis lift coefficient remain comtast   a t  8 inches and zero, respec- 
tively, f o r  all stations except  very near the blade tip. Tzl the manu- 
facturing process the blades were falred by hasd t o  a fine eQe at the 
t i p ;  asymmtrical fairing resulted in a slight positive casiber a t   the  
0.975 radiue. The ord ina tes  of this section have been measwed and are 
tabulated in table 1. IEgure 3 presents  the  propeller blade-f o m  curves, 
blade plan form, orifice station  locations, and the spinner  location. 
Details of the blade construction inciuding the  pressure  tube and orifice 
installation and tempmture+.ueamrbg element are described i n  reference 2. 
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TESTS 
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For all the teste  the blade angle was set naminally a t  45’ at the 
three-quwter radius. It was found l a te r  that the chord line of the 
temglete used f o r  sett ing the blade angle deviated-from that of  the 
section by 0.2’, and that the  blades were aotuaJ2.y se t  a t  45.2’ at the 
t h r e e - q u b e r  radius. Pressure distributions -re o b t a h e d  at the 
following radial stations: x = 0.30, 0.45, 0.60, 0.70, 0.78, 0.85, 
0.90, 0.95, and 0.975. The techniques asd testing procedures used i n  
t h i s  investigation are described in detail i n  reference 2. A schedule 
of the  tests,  whlch also mmes a8 an index t o  the data tables, is  
presented fn table 2. 

The usual wind-tunnehmll c o m e c t l m  described i n  reference 6 
have been applied t o  the tunnel velociw t o  obtain equfvalent free 
airspeed. 

The following  equations,  repeated with abbreviated expLanation from 
reference 2, have  been  used i n  the reduction of the dah. 

The pressure  coefficient 

P - Po 

qX 
P =  

The normal force 

Fn =§ p COB JI 

making the normal-force coefficient 

*n 
QXb 

1.0 
c, = - = J  (PL - PU)% 
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making the chordwise-f orce coefficient 

or 

The 

Cm" 

7 

and the momnts have been taken about =: 0 25. 
- 

The induced angle 
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For the first  approximation in the calculation of the  induced angle, it 
is  assumed  that cz is equal to % and (d is e q W  to (do US- 
two or  three  successive appror-ftim w i l l  yleld  the final value of 
induced angle. 

Tha results  obtained *om measurement of the  pressure  distributions 
on nine radial  stations of the NACA ICk(0) (O66)-O3 propeller are pre- 
sented in tables 3 t o  3.3. wfth table 2 serving as  an index to the  tables. 

Pressure distributions.- A value  of pres~~re coefficient is tabu- 
lated for  each  test  point for th.e 12 upper-surfam md 12 lower-surface 
orifice  locations as w e l l  88 for  the  leading and trailing  edges of each 
airPoil section. The thinness of the  blade  prevented  the  installation 
of a pressure  tube  at = 0.975 outboard  of  the 0.7 radid station. 
The value of  pressure  coefficient  tabulated f o r  this  chordwise  position 
outboard of  the 0.7 radius  is  therefore a faired value and bears the 
footnote "no orifice." The Leading-edge and trailing-edge  values, f o r  all 
stations, also beer the same footnote. The value of leadiqpedge pressure 
coefficient  recorded  is based on the  assumption  that  the  stagnation  point 
does not dedate f'rom the leading edge regardless of the  section angle of i- 

attack.  Although  this  assumption  is  not  strictly true, the  error  involved 
ie negligible.  The traili" pressure  coefficient was obtained by 
reading the  falred  intereectlon of the  uppe- and lower-surface pressurwe 
at  the  trailing edge. 

Figure 4 presents  typical pressure diEtribUtiOnE a long  the  chord of 
the NACA 16.004.4 blade section (x = 0.95) at a constant  advance  ratio 
of 2.12 and at an angle of attack of approximately 1.60 (including 
Goldstein's  correction f o r  the  induced angle). The values for  this 
figure  were  obtained f r o m  table 10. Figures &(a) and 4(b) show pressure 
distributions  typical of speeds  below the section  critical  Mach number; 
whereas figure k(c)  preeents a pmssm distribution  typical of those 
obtained  at low mpersonic speeds. 

The  section  normal-force  and  pitching-moment  coefficient8  were 
derived by integration of the  pre8s~re-distribUtiOn  plots  and m e  tabu- 
lated for all test  points in  the  tables.  The ChordwLse-greseure-force 
coefficients were obtained  by  the  method  described in reference 2. The 
Variatiom of  normal-f  orce , pitchiwmnt, and chordwise-f orce coeff i- 
cients  together with section Mach number and angle of attack  plotted 
against  advance  ratio are  shown in figure 5 illustrating a convenient 
form for use in  further  analysis  of  the  blade-eection  data. These values t 

in figure 5 were  taken f r o m  table 9 ( e > .  

t 
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B W a e  deflection.- The t o r s i o n a l  deflection of the propeller 
1 blade.was measured during the t es t s  w i t h  tm optic&  deflectamater 

described in reference 2. The87 measurements were closely checked by 
independent cowutatione asd the final tabulated values of  b M e  deflec- 
tion whether  detemdned from measurements o r  computations are considered 
t o  be accurate t o  within 0.lo. 

For the one+lade-propeller data  presented in tables 8 and 10 no 
tors ional  deflection data were obtained and the values of AJ3 presented 
were egtimated by extrapolation of the twSblade data t o  lower values of 
advance r a t i o .  

lhduced m e  .- The vortex theorg with Goldateinf s correctfon f o r  a 
finite nmiber of blades w&8 used to conqute the  section Induced angle, ai. 
The Goldstein correction  factor 1s strictly  appucable only i f  the pro- 
peller operates with a Betz or  optimum loading. Since the loadings 
obtained in  these  tests are =bit??-, the values of induced Eulgle pre- 
sented are admittedly in  error  especiallg for eectiom near the blade 
t i p .  For a more sound approach a method such as i s  presented in  refer" 
ence 7 f o r  computation of  the induced angles of an &bitrazily loaded 
propeller should be aqloyed.. - 

Figure 6 Bhows the  effect of the induced"angle correction on the 
lift-coefficient curve for  the ElACA 16405.85 a i r f o i l  section at the 
0.78 radial station  operating a-h a eectlon  helical Mach number of 0.7. 
m e  elope dc z / d a  increased m m  o .0?9 for the uncomected m e  of 
attack ("gc' = DX + &I - #o) t o  0.125 f o r  the  corrected asgle 

(% = px + @ - go - c~f). For conq?srison, data Awn the langley rec- 
tangular high-speed tunnel  (reference 8) f o r  the NACA 16-006 a i r f o i l  
section are plotted in the same f'igue. The induced-esgle correction 
brings the propeller data t o  closer agreement with the twa-dimensional 
a i r fo i l  data,  but it is not certain that the data obtained f r o m  alrfoile 
operating as propeller blade sections should w e e  with " l imens iona l  
a i r f o i l  data. 

u 

sgmmetrical a l r f o i l  sectione normally produce l i f t  coefficients 
very new zero at an angle of attack of. Oo as i s  indicated in  the two- 
dimensional data f r o m  reference 8 shown in figure 6 .  m e  angle of zero 
Uft f o r  the  propeller  blade-eection  data shown in the aame figure i s  
about -0.5O. An emmhation of all the  blade-section data shoved that 
this phenomnon w a s  evident throughout, asd in some caeea, the angle of 
zero let vas  ae mch as -1.0~. AII error found in   the b1ad-e setting 

aystematic error could be found in either the testing procedure or  the 
data.  Until  the data from all five  propellers  tested can be analyzed, 
no attenqt w i l l  be made t o  explain the  peculiartty  associated  with angle 
of zero lift. 

h accounted f o r  only 0.2' which was corrected, in the data. No o ther  

. 
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Blade loadi-6.- Figure 7 shows the  variation of noTm&l"force 
coefficient and section  helical W h  number along the blade radius at  
an advance ratio of 2.2 f o r  five values of fre-trem Mach number. 
These are actual loading curves at the propeller blade i t se l f  and not 
loadings  obtained f rom sl3petream amey8.  However, wahe-survey masure- 
mente proved t o  be of  conalderable value i n  fairing these  curves. A t  
free-etream Mch nunibere of 0.38 and 0.45 all the blade sections  operate 
a t  subcritical speeds and the load  distributions are free f r o m  abrupt 
changes. When the forward Mach nuniber is increased from 0.56 t o  0.65, 
the compressibility  effect on the tip sectform becomes evident through 
a loss of  lif't while the peak loads are continually being shifted inboard. 

A t  & stream Mach  nLudber of' 0.65 the loatting curve drops appreciably 
a t  the 0.73 blade radius and a slight recovery of l i f t  can be seen t o  
occur at x = 0.82 where the  section Mach  number i s  just below unity. 

Langley Aeronautical  Laboratory 
National A d v i ~ o r y  Committee f o r  Aeronautics 

Iangley Air Force  Base, Va. 
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-.m 

- 

1.90 
-.m -. m -.a -.ns -.a -.a -.a 
-.m -.* -. p7 -. m -.e 
.&o .a 
.343 .269 .160 
.1m 
,051 -.as -.um -. la 

-.1% -. m -. 266 

- 

1.94 -.w 
-.a 
-379 
-.?a3 -. 33b -.? -.* -.m 
-33 -. 3e2 -.* 

-643 .!x7 .a 
.a3 
.I78 
.=3 .& 
.od+ 

-.w 
-.lo9 
-.1% 
-.3= 
-.372 

-. 

- 

- 

1.a -. 311 -. 3% 
-373 -. 3% 
1: 3 
-270 
- 3 3  
-.e94 -. * -. 3Q 
-.420 

1 - 3 9  -.m -.m 
::% 
-.31 
-.M 
-.m -.m 
-.wl -. #l -. 379 
-.m 

1.337 
-.337 -.* -. 3% 
-392 
-3% 
"3Y 
-276 -.w 
-.2* 
-.3a 
-479 
-.m 

1.309 1.30 
-.1* -.a 
-.34 -.p -.m -.M -. 3b6 - . m  -.* -. 357 -.a "29.7 -.a2 -234 
-.a3 -.& -.m -.e 
-.3.7 -.w -.%3 
-AS -.E - 

.m 
$4 .w 
.=3 
.3bl 

-166 .lm 
s43 -.ou 

-A73 -.Kt -.* -.al - e 

.m 

.m 

.4m .m 
236 .VI 
.lW .e4 

-.m3 -. a63 
-103 
-.la 
-.2w 
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- 

.m .a .* 

.=3 .U 

.072 
-.OB 
.a 

-.& 
-.144 
-.lTf 
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- 
1.a 

-.w .w 
-J3 
"li7 

-.1R -.m 
-.a3 
-.e45 -.nm 
-.$I) -.a 
J-a 
.m 

-.Dl3 -.e 
-.1@ 
-.1S -.m 
-.LR -.2M 
-34 
-.a 
-.13 -.uo 

-.e% 

- 
1.065 
2.P4 

1.14 
2.16 

1.30 

-.a93 
.e723 

.w4e - 

1.23 1.27 
1.30 I 1.96 

1.9 -.w -.a5 -.* -. p2 -.PI 
-.e93 

-.m 
-.a 
-.# -. 940 

-:G 
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1.342 
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-393 
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- 3 3  -.a 
-25% 
- 4 9  
-.3% -.4u 
-.&I 
.m 
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-.&a 
-.1m 
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(a) u = 1140 rp. 
2.M9 2.w 2.379 2.36  2.263 

.a -.06 -.og 

.a?& -.& .w .w .101( 
-.m -.- -.ow 0 .oool 

2.096 
A38 
&.I2 

2.191 
.w 

2.92 
.45 
1.26 

.14% 

-1 .m 
1.m 

-.E53 -.w 
-.276 
-.m -.m 
-213 
-.lW -. 17l 
-.I73 
-J2h 
"030 

d.007 
1 .la6 

-540 
-.3P 
-.243 
-.176 
-.l43 
-.1& -.s 
-.1p 
"133 
-.lo7 -.a% 

289 .11e 
A52 

- b C a  
- .a6 
-.031 
- . O h  
- , O h  

-.m 
-.Ob7 

-.OS .l%l 
.I32 

- 

- 

1.109 -.* -.% -. P.2 -. 1- -.* 
-.m -. 160 
-.1& 

"ll3 
-126 

-.w 
s o 1 3  

.I$ .oh2 
-SO37 
.w 

-.OM 
-. 060 -.go 
-X61 
-0% -.47 -.w .060 

2 4  

- 

- 

1.u2 
"379 
-.e65 
-.2* 
-.19 

-.* -.uI 
-.l& 
-.UT 
- . I lk  
-.lo3 -.& 
-.m 

-.w .w 
-.w 
,076 -.46 

- 

25 
-.O 
-.OS7 
-087 
-037 
.OP 
.lo1 - 

1.U -.la 
-.l 4 

-.la 
-.w -.wI 
-.1W 
"116 -. 103 -.c% -.& 
-.w 
-.a@& 
-137 
-.w7 
-.u4 -. un 
-.093 -.e -.w 
-0gl 
-.In4 

-.OS .as, 
212 

-.1h 

- 

- 

l.ll.5 -. eo3 
-.I77 
-.m 
-.I29 
-.w9 
-.o73 

-.n5 
-.130 

-.lW 
-.w 
-47 
-.to3 

1.U4 
-.m -.2l2 
-224 -.M 
-.m -.a79 
-.I35 
- 3 8  
-.1q 
-.w -.m 
4 2 3  - 
-.&I .m3 

-.& -. oes 
,082 
-.m 
-.OB3 1:g -. 
"035 

. a 3  

.w - 

1.W -.54 -. 348 
-.Em 
-.lB -.lZa 
-.lW 
-.lW 
-134 
-.la 
-.IO8 -.* 
p o l 2  

J33 

-.016 
.m6 

-.e3 
-.062 -.os 
-070 
-.m 
"065 
-.& 
"037 .Om 
.176 

- 

- 

1.105 -.m 
- . h e  

-. 2a -.3% 

-.la -.la 
-.1* 
-.1% 
-.140 
-.m 
-.lo2 
-.m 

.m 
- :s -. 
-.m -.ob6 -.m 
I:%! 
-079 
-039 
.06 
.1€6 - 

4.199 
Lloe 

-. 5% -.bar 
I:;% 
-.153 
-.1% 

-.l9 
-.1m 
-.lU 
- . l lh 
-.m 
3% .W 

-.m .se 
-.w 
-.oh6 -.032 

-.w 
" 0 4  
-.qh 
-041 

.lo3 

.ow 

- 

- 
P 

-1.477 
1.1m 

-l .w 
- A 5  
-.w -.uB -.1m -.=?I 
-.1% 
-.179 -.la 
-.13l 
-.a7 

.367 
- 

: g  
.017 

-.012 
-.m 
"035 
-.Ob1 
-.04$ 
4 7 3  
-.Ob4 

.Ob1 

.1W - 
7 

1.100 
-LW 

2 %  
-.w 
-.2M 
-J95 
-235 -.m 
".1$ 
-.1p 
-137 
-.071 

.u 

.2L3 
1 1 3  

- 
.036 
0 

-.a24 
-.mr 
"0% 
-.0* 
-.063 
-.OB 
.m 
.w3 - 

b.W 
1.117 

-.@I3 
-.160 

b-.1?3 

-.062 
-.O@ 

-.E3 
-.110 
-.a59 -.E -. 
43% 

-.u3 -.I62 
-.u 
"133 -. u 
-.m 

- 

-. 
,088 
-.w .m 

.I99 - 

.3c9 

.165 .& .w  
-.a4 
-.019 
-.OS 
-.IN1 -.&l 
-.m 
-.OS 

.033 

.ON - 

h 
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1.966 1.h .?39 a 8 9  

1.18 1,hO 
5.a 7.33 

3.u 3*76 
.3* .4333 
.m9 ."3 

1.861 -. e7 

1.168 
-e113 
-.1& 
-159 
-.1P 
-.Os6 
-.0* -.m 
-.le7 
-.1* 
-.w -.Wo .w 
-.&a - 

-.%x 1.m 

-.x7 
-I I:$ 
-1 ::E 
-.leg -.ll6 
49 
-.a2 

. .  
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i 1.- .m 
7. b!J 
I.¶ 
4.27 
.w3 
0 

- 

1.923 
.E18 

6.38 
1.99 
4.01 

.G39 

. m 5  

- 

2.064 2.142 
.E38 I .&8 2.m 

3.84 3.03 
.8b2 .e 2 . m  

1.a 2.26 
1.9 1.22 

.1@% 
.00116 .ax6 
2632 

4.33 

2 . 9  2.69 

3.53 
1.16 1.19 

.W 
.ma . m 3  
-239 

.u .38 -75 

.0068 . e 7 1  .139 

.06 .@ 1.16 

-.w35 .wo6 . a 3  

1.53 1.86 
2.63 3.71 
3 3 5  .om ,0043 

.&eJ 

- 
4.138 
1.m 

4.m -.* 
1::s 
-.l 
-.2* -.ng 
-.s 
-.lW 
-035 

.* .a .a .m$ -.ma 
-.a3 
-.os7 -.e4 
-.93 

-.032 
- * O n  

.m .* 

-. 
- 

- 
1.M 
-.ab -.m 
-293 
-.174 
-.u7 

-.l9 
-.19 
-.n9 -. 080 
.024 

.Ob3 
-, os6 
-.lo2 
-135 -.ll6 
-.lM 
-.m 
-.lo6 
-.m -.m 
-.ole 
.w .48 

"33 -. 

- 

4.522 
1.176 

-l.u 
4.247 -. 751 
-.2m -. 2og 
-2% 
-291 

- A 7  -. 245 
-.Nh -.a 
.)os 
.E2 
.I54 .w 

- 

-. 002 . 010 
-.023 
-.038 
-.oh5 
-.074 
-.Oh7 
-.a16 

.azo 

-1.W 
1.178 

-1.316 
-1.162 -.a 
-.2a 

Za 
-.245 
"261 
-.e4 
-.lBB -.OF98 

4.248 
1.163 

4.173 
-1.W 
-532 
-.go6 
-.1n 

-1.067 
d.021 -. 953 -.w 
-.lT7 
-.1W 
- . a7  
-.=a 
-.m -.m -.le 
-.w 

1.187 1.192 
-.E35 -.& -.w 
- 2 2 4  
-.1Q 
-.13!3 -.Ell 
-.a 
-.1& 
-.iQ -.I22 
-.013 

1 .a0 -.e22 
- 2 3 9  
-.276 
-.la 
- a 4  -.* 
-J38 -.El 
-.om 

.M3 

.006 
- a 6  -. 127 
-.le -. vz 
-JOB 
-.L16 
-.1U 
-.ow 
-.lo1 
-.017 
.ow 
.m 

::;g 

- 

1.196 1.203 
-.552 -.M 
-.?I7 "9 
-.m -.%'a 

1.217 1.21s 
. o b  7046 

-.038 - 2 3  
-.I& 7200 
-.l30 4 4 9  -.w ,104 
-.038 -.& 

1.199 

-.a -.37l 
-.7p -.Em -.a5 -.w 1.1- 

-.lW -.1% 

-.1n -.1* 
4 6 3  -.eo3 

-.QW 

-.13!J -117 

-.!X? 

"153 
"153 -.1u 
-273 

- 5 7  -.ig 
-.& -.lo7 
- 4 3  -.l$ 

-.2i5 
-238 -.Po 
-.163 
"201 

-. 016 
-.w4 -.1l2 +- -.MI1 .@?I -.ow . o g  

-.o .a08 7.c2 -.oh6 

. 4 6 8  

.26l 

.133 

.036 
-.w1 

-.M7 
-.m7 

-.Ism - a 0 3 7  

-.a 
-.OS 
.ol6 
.os0 

. u3 

.015 

.w9 
-.a9 

-.Os0 
- . O P  

-.Ob7 
-.w 
-.071 
-.OF 

.2ll 

:% 

.354 
-163 .& 

-.036 
-.OK6 

"053 
-.036 

- . O S  
-.OP 
-.078 
-.w .ow 
.loo 

-287 
.1@ 

"031 
.a29 

-.OR 
-.@5 -.om 
I:% -. -.w 

.043 

.ago 

-.* -.lo3 
-.a3 --.loo 
- . 4 5  -.* -.w -. 100 

-.w -.we 
-.ON -.w3 
.048 .ob6 .@ .06) 

:;E ::E 

-.193 -J?7 
-.195 ,141 
-.l3b 4 2 3  
-.lU -.lW ?$ -.oy7 -.& 

-.w .-.m 

. 9 7  .* 

v 
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, I 

(a) J -16m rm 

~ 

4.015 
1.213 

--g -. ::g 
-.a 
-.1* 
- . a 3  -.m -.* 
-.a1 

-. 
T l a 7  1.m 
-.@ -..%I 
-.ea9 -.m 
-.H -.m 

.& 

.a@ 

-.lo4 
-.w7 
-.lob 
-101 
-.m 
-.ID1 
-.023 

,130 .2La 

-:3 -.lo2 
-.le3 
-.lo6 -.I20 
-.m 
-JOB 

-.a9 
-.19.1 
-.lM 
-.1p 
-.1g8 
-.19k -.la 

-.Pa? 
-.1m -.a? -.1n 

-A6 
2 g  

I-:m 1219 I-:€@ I-.* 1214 1.w 

.33a .3$ .m 

-.a -*a4 0 -.m -.on -.Oh8 

-.om -.a% -.& -.La -.& 
-.Ogr -.OB3 -.Oh 
-.Wk -.025 .l& .137 .e60  .e7j .em 

z :  

W 
0 



q -.& 
-.m 

2.342 
.938 

1.W 
.6 .a 
.415 

-.oOol 

2.313 
.945 

2.279 2.259 2.230 2.208 
.m I .959 I .%l i .m I 2 . ~ 3  2,167 2.136 .a I .w I .999 2,llb 

1.006 
3.B 
1.64 
e .66 
.m 
-.m 

a0135 - 
- 
1.278 -. ghe 
-436 -. 471 -.* 
-.3m -.e60 
-a335 
-.34l 

-.* -. 3% 
-.49 -.* 

2.094 2.w 
1.015 1.m 

1.68 1.n 
Ll4 4 . u  

- . o p  -.a: 
. O l S  .ufi 

2.91 3.06 
.33m .3% 

2.4Zl 2.39 
-916 

.a 
.Ya .52 .la 
.35 .04 .18 .& .w 

-.w -.W3€ 

T 
1.m 1.263 

-.437 -.u 
-.424 -.w 
-.& -.& -.m -.304 

-.342 -.342 
-.336 -337 
-39 -371 
-.398 -.m 
-Ass - , 4 9  
-.493 -.w 

-.472 -.J 
-.w 1.231 

-.I58 
-.2$0 
-.151 
-.X20 
-37 
-.1* 
,177 
-.1$ 
-.126 
-.OF 
-036 

1.244 
-.m -.a 
-.3@ 
"3l8 
"173 -.m 
-.1W -.-am 
-233 
-.l-fl 
-.dl .04$ 

1.247 
-.em -. 365 
-.3* -. 366 -.m 
-.1% 
-.a8 
-.1'15 -. u6 
-.m -.on .all 
-.w 
.l6l 
-.a 
-.143 
-.1B 
-.lP 
-.145 
-.le 
-.IT 
-.I39 -. a06 .a 
.Om 

- 

" 

1.251. 
" 9 3  -.m 
I:% 
-239 -.2u 
-.272 
-263 
- .2p -.1n 
-.w .w 

1.255 1.259 -.m --.e 
-.438 I -.us 1.235 

-.l& 
1.240 

-.m -.& -.a 
:;Tg I:% 
-.132 

-.U9 -.UT 
- 3 3  

-.la4 

-.1$ "134 
-.2u -.1n -.m ,194 
-.le 

-3  -:2 
.021 

-.I& 
-.E4 -.u3 
-.& "127 
.on 

0 -.c# -,115 -A11 
-.U$ -.lo8 
71% -.1G 
-.1w -.m -.ll9 -:u3 
-.la -.136 
-.155 

.ob0 .c6l 

.on .41 

1.223 1.221 
.057 -.Oll 

-.073 -.lo& 
-J33 -.lP 
-.@ -.u 
-.ow -201 
-.1* "168 
-.1m -.lm 

-.m -.a5 

-.1M -.m 
-.141 -.lW 

- . 43  -.&l 
-.397 -.w -.& -.m -.& -.a 
- 3 3  -.316 
-..a3 -34 
- 3 3  -.335 

-.on m 
. os  I -:oJ 

-035 -.In 
-.la -. 169 
-.138 
-.125 
-.136 
"139 
-205 
-205 
-.m 
.w7 
.076 - 

-.a .UT  

-.On 
-.lY 
-.I35 
-A8 
-133 
-.1* -. lz-2 
-.128 
.m 
.e 
.076 - 

.w 

.!a? 
-.m6 -.E2 
-.la 
-.ll9 
-.1% 
-.la 
-153 
-.1* 
.m 

.46 .a - 

.e43 .06l 
-.lo3 
.010 

- A 4  

7131 
-.1ll 

-.1p -.la 
2 3  
- :g 

.3& 

.I53 

-.U8 
.log 

-.M 

-*3 -. 

-.lh -.& 
-.2n -.a8 
-.la5 -.1@ 
- , m  -.ln 
-.LC3 -.le 
-.le6 -.I.% 
-.133 -.137 

-.lo6 -.ig 
-.133 -.137 

-.lo2 -.log 
-.m -.c€6 

.a .* 
-.ogl 
.w7 

-.IDS -. 104 
-.la 

.* 

.1P 
-A37 
.w 

-35.2 
-.m 
-.os8 

.299 .ll2 
-.m 
.048 

-.w 
-.m -.w 

.33e 

.I& 
,073 

-.w3 -.w 
-.on 
-.m 

-.033  -.Dl9 

-.140 -.w 

-.w -.* -203 "190 

-.m -.3n 

-.16 -.1y 
-.134 
-.a4 
-.D 
2 6  - 

I 
. . . . . . . . . . 

I I 
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I * 

. .  . . 

1 1 

- 
2.449 

-969 -. 14 
.04 
-*w 
-.0032 
-.oogo 

.Ow4 

2.1122 2.393 
,975 I ,983 

2.326 

1.29 
1.003 

:2 
.oga -. 009 
,0122 - 

2.292 

1.69 11Lgo 
1.013 1 I 1.049 I 2:1n 1 0% I 2.154 

l.og8 
3.38 
1.41 
2.13 

--.MU 
,2471 

,0165 

2 .ow 
1.0b0 
4.16 
1.47 
2.55 
,2968 

,0167 
-.0314 

2.78 
1.38 1.32 
3.10 

1.84 1.99 
.2192 

,0163 

, 2 3 6  

.a163 
-00199 -.OB0 

l . l b  1.26 
1.39 I 1.66 I 

.1626  .19& 

- 
1.260 

.Ob7 
-.065 
- J74  
-.m 
- X 6  
-0119 
-.lP 
-.19 
7 2 6  
" 2 9  

-*"A 03 

- 
1.265 
-.w3 
-.log -. X78 
"227 
-1 136 -.I20 
7196 
-.19 
7217  
em253 
-.291 

.015 - 

.034 
7140 
-.u7 
-.l6g 
-J63 
-.138 
"166 
-.201c 
-.I93 

I::$ . Ob3 
,069 

- 
1.276 
-.072 
-.lQ 
--.244 
7260  

-.135 
4 . 5 5  

-210 
- .ae 
-.a46 
"274 
-.341 
-.148 

.160 
-.Oll 
"037 
- * u 4  
-.123 
4 1 3  
"1.37 
-.I& -.1n 
"251 -. 317 
-.lo6 
7046 

- 

1.286 1.291 
"105 -.la 
-.2a -.2* 
-.277 -.a* 
-.1p -.1p 
-J46 2.163 

"221 -.e36 
-.225 -.2N 

7285 "303 
"254 -.# 
7352  -.360 
-.371. -.396 

,234 ,270 
.osa .w .ou .os 

-.O@ -.O@ 

-3.6 7112 
-.a 

-.I67 -.1& 
-.157 -.lP 
-.e33 -297 
"326  -.319 

-,241 -.2& 

1%; -** 

-.377 
- .23 

-373 
- 3 9  

1.326 -.w 
-.3@ 

-. 31. -. a 9  
-.1& 
-.262 

-.2 7 
-.3m 
7379  -. 4J.O 

-469 

.OB .022 

.w 
-e031 
-.057 -.On 
-237 
-.251 
-.30b 
-.338 

-.342 

- 3 7  

3; 

1 * 307 
-.154 
-* 319 
-.334 
-.3u 
- .a7  -.la ::g -. 
- .3a 
-.3& 
-I 417 

.359 
,170 
.Wb 

-.017 
-.044 
7 0 9 2  -.086 
-.I36 
-.I29 
-203 
- 9 2 5 3  

-3% -. 388 

1.3l-2 

-.3U -.316  "319 
-.lV -.la -.l$ 
1.32l 1.317 

-.35 -.317 -.3l -.EEL -.a23 -.E2 
-.339 

"342 
-.344 

-.le -.& -.268 
-.l@ -.le 

1% -21% -.e64 
-.@l 

"327  "327 
-.29l "293 

-a417 - a 4 2 2  

-.32h 
-.386  -.3& -.387 

- 
,414 
222 
-133 
,017 

-.014 
-.w4 -.& 
-.ll5 
-.log 
-.186 
-.e& 
-.3h 
-.3P - 

-.* 
-.234 
-.1& 

4 9  -mwz 
-.1W 
4 6 9  
-.204 

::;g 
,012 
,086 
. l l O  

4 x 7  
-.l% 
-.lkO 

- * T  -.1 7 
-.l% 
4 7 6  
-.m 
-.m 
"236 -.a% 

,066 
.OM 

197 
.M4 

"013 
-.loo 
-.u2 
7102 
7131. 
-.l@ 
-.1@ 
-.246 
-338 
-.366 
-.a3 

.438 

.24h 
- .152 
,033 
.001 

-.oil 
- . 0 9  
-.1W 
"W 
-.17b 
7266 
7320 
-.3Q 

.074 
"032 -.w7 
-.O& -.;E -. 
-137 -.m, 
,-.39 

-.399 
-9370 

- . O P  
-.030 

-32 -0  

-.I36 -. 126 
-.m1 
-.En 
-.349 -. 3711 - 



2.43 
Lo40 
-.26 
.lo 
-.39 
- .dl61 
.w 
.Ol67 - 
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1.3~13 
. las 

-.06 
.& 

- .19 
-.41 
-.m -.m 
-.la - , 1 9 9  
-.E25 
-.m -.* 

2.237 
1.106 
2.36 
.m 
1.88 
.1@b 
-.am 
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1-33 
-.OB 
-24 -.a3 
-.ah - A45 
-.w -.w -.w 
-224 
-.a5 
-.3u -.M 

- 
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-.020 -.& 
-.223 
-.m - .143 
-.w - .1* -.m -.m 
-.m 
-.* -.34 

1.M 
J.37 .om 
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-.os1 
-.w 
-.OB1 - .170 
-.1@ 
-.dl 
-.23 
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-.m 

1.u I 1.u4 1.d 1.3.22 .ea -.w -.w -.a 
-.m 
-.42 -.E6 
-.l5 
-.m -47 

-.3u -.m 

1.H 
.034 

-.u6 -.m 
-.m -.& 
-ST0 
-.la 
-.ax 
-.a. 
-.ego 
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.2# 

.on 

.OS 
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-.I353 -.& 
-.Wl 
-.m -.m 
"203 -.* -.e -.m 

-.urn 

- 

1.335 
.a2 
-.I3 
-.1p 
-.w -.m 
-.w 
-.1m 
-.l@ 

-.2m 
-.a9 -.m 
-.335 

.em 

.ass .log 
-.m 

-053 
-.w 
-.&I3 
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WCA RM L50C03 

Figure 1.- Vector dfagram of the  velocitiee and. forces acting on a blade 
section. 



10 rt  

.' 

Bollaw ahart eaaure trrarrsr derioe 

x t o  msnomrtsr 

Figure 2.- Diagram of the apparatue used to obtain pressure dis t r ibu t ion6  
on the sections of operating propellers. 
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--Location of blade sections for which 
pressure  distributions were obtained. 
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Figure 3 . -  Blade-form curves for KACA 10-(0)(066)-03 propeller. 



Figure 4.- Variation of pressure  coefficient  along the chord of 
NACA 16-004.4 propeller blade section  located  at the 0.95 radius. 
a, = 1.6 (approx.). 
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Figure 5.- Variation of section normal-force  coefficient, moment 
coefficient, chordwiee-pressure-force coefficient, angle of attack, 
and Mach number with advance ratio for the blade  section at the 
0.90 radius, f r o m  table 8(e). B0.75R = 45.2O; M = 0.56. 
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Figure 6.- Effect of induced angle correction on the slope of the 
normal-force-coefficient curve of NACA 16-005.85 blade section 
operating at x = 0.78. Mx = 0.7. 
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Figure 7 . -  Variation of the normal-force coefficient and section Mach 
number along the  blade  radius. -7% = 45.2O; J = 2.2. 




