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By Martin J. Saari and Solomon M. Sorin 

A n  altitude-wind-tunnel  Investigation hae been made t o  determine 
the perf ormarme of Hamilton Standard 6507A-2 four-blade and three - 
blade  propellers on a YP-47M a m l a n e  at high  blade lmdfngs and high 
engine powers. Characteristica of the  four-blade propeller w e r e  
obtained for a range of power coefficients from 0.10 t o  1.00 at f ree-  
stream Mach numbers of 0.20, 0.30, and 9.40. Characteristius of the 
three-blade  propeller were obtained fo r  a range of parer  coeffioients 
from 0.30 t o  1.00 at a free -stream Mach number of 0.40. Results of 
the force measurements indicate prinarily the trend of propeller effi- 
ciency for changes in power cwf f i c i en t  or advance-dfameter ratio 
because no corrections f o r  the  effecte of tmel -wal l  constriction on 
the   instal la t ion were appl€ed.  Slipatream surveys are presented to 
illustrate blade thrust load  distribution for ce r ta in  opera;l;ing con- 
d i t  ions. 

Within the range of advancediameter ratios investigated st each 
free-stream Mach  number, the  efficiency of the four-blade proF3ler 
decreased a8 the  power coeff icfent w a 8  increased frm 0.10 t o  3.00 .. 
For the  three-blade propeller, nearly constant maximum efficiencies 
w e r e  obtained  for p m r  coefficiente f r c l m  0.32 t o  0.63 at advsnoe- 
dtameter ratios between 1.90 and 3 .OO . 

In gengral, fo r  conditions below the stall and c r i t i c a l  tip Mach 
number, the maximm thrust  load shif ted from t he  inboard sections 
toward the tip  sect ions  ae   the D o w e r  coefficient waa Increased o r  a0 
the advance-dhmeter =%io m e  decreased. For conditions beyond the 
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stall  or c r i t i c a l   t i p  Mach number, losses in thrust  occurred on the 
outboard blade sections ow- t o  flow break-down; tho thrust Load 
increased  slightly on the inboard sections. 

An investigation of the  performa;nce of several prcpllers  on a 
YP-47M airplane at high blade loadings has been made in the  Clevaland 
altitude w f n d  t-1 at the  request of the A i r  Materiel Command, Army 
A i r  Forces. A8 p a r t  of the program, Hamilton Standard 6507A-2 four- 
blade and three-bh3.e  propellers wore investigated. 

Characteristics of the four-blade propeller were obtained f o r  a 
range of power coefficients from 0.10 t o  1.00 at free-atream Mach 
numbers of 0.20, 0.30, and 0.40. Characteristics of the three-b1ad.e 
propeller were obtained for a .pmge of power coefficients from 0.30 t o  
1.00 at a fme-e t rem Mach  number of 0.40. 

As in references I t o  5, propeller efficfsncies .were determined 
from force meas~mments and the blade thrust load distribution was 
obtained with two diametr icalu o-pposed slipstream m e y  mkes. 

The propellers and power plant ~ s 8  described 88 follows: 

Propeller 
Blade design . . . . . . . . . . . . .  Himilton, Stan- 6507A-2 
Blade eectiona . . . . . . . . . .  -. . . . . . . .  NACA 16 series 
Propeller diameter,  four-blade . . . . . . . . . .  13 feet 0 inch 
Propeller dianroter, three-blade. . . . . . . .  12 feet 10 inches 
Activity  factor1 . . . . . . . . . . . . . . . . . . . . . .  104 
Propeller gear r a t i o  . . . . . . . . . . . . . . . . . . . .  20 : 9 

W a r  emergency power rating: 
E ~ ~ . . . . . , . . . .  . . . . . . . . . . . . . . . .  R-2800-73 

Engine speed, r p m  . . . . . . . . . . . . . . . . . . . .  2800 
Manifold pressure, in. Hg . . . . . . . . . . . . . . . .  72.0 
Bmlse hursepower . . . . . . . . . . . . . . . . . . . . .  2800 

Engine  speed, qm . . . . . . . . . . . . . . . . . . . .  2800 
Milltaxy power rating : 

bhIlifOld PrOSSUXW, fn. @ a . e s 53.5 
Brake horseparer . . . . . . . . . . . . . . . . . . . . .  2100 
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Normal power rating: 
EWhe speed, W . , . . . . . . . . . . . . 2600 
Manifold presaure, in, Hg . , , . . . . 1 . . . , . 41.5 
Brake horsepower . . . . . . . . . . . . . . . . . . 1700 

%he ac t iv i ty   fac tor  is a nondfmensional  f’unction  of the propeller 
plan form designed t o  express the integrated capacity of the 
blade elements for  absorbing Fewer. (See reference 1. ) 

The propeller blade-form characterist ics are given in figure 1- 
A photograph  of the Hamilton  Standard 65078-2 propeUer blade 18 
8hOWfl  i2.l I’igUm 2. 

The four-blade and three -blab propellers inatLLled an the 
YP-47M airplane i n  the 20-foot-dLmeter tes t  eection of the al-bftude 
win& tunnel &re shown in figures 3 m d  4, respectively, A descrfp- 
t ion of the  equipmnt i~ given in reference I. 

The characteristfcs of the four-blade p o p e l l e r  were obtalned 
for a range of power coefficients f r o m  0.10 t o  1.00 at rfree-stream 
Mach numbers of 0.20, 0.30, and O.$O, The investigation wae conducted 
at densi ty   a l t i tudes from 5000 t o  45,000 feet, engbe powers from 
150 t o  2700 brake horsepower, and engine speed8 f’rom 1400 t o  3000 rp. 

The characterist ics of the three -blade propeller were obtained 
fo r  a ranp of power coefficients from 0.30 t o  1.00 at a free-stream 
Mach number of 0.40. Ibnsity  altLtudes ranged f m  20,ooO t o  
40,000 feet,  engine powers from 300 to 1850 brake horseparer, and 
engine speeds from 1200 to 2900 rp. 

REDUCTION OF DATA 

The’method  of data reduction trae the same 88 that given in ref- 
erence 1. The tmilyais of the force measurementB was made in terms 
of the variation of progeller efficiency q with the propeller 
parer coefficient Cp and the dvace-diameter =%io J. These 
paraaetem were determined by the following equation8 : 

. 
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where 

D - propeller  diameter, feet 

n propeller rotational speed, revolutions per second 

P engine power, foot-pounds per second 

p free-stream density, elugs per cubic foot 

where  V is the  free-stream velocity in feet per second. 

'T T)=- 

The propeller thrust coefficient CT in the effYcienty formula is 
defined as 

cP 

CT = - T 
pn2D4 

where T is the propeller thrust Fn pounds. 

The propel ler   t ip  bkch number wae obtained frm the relation 

where Mo is the free-stream Mach number. 

The slipstmam aurveya were presented a8 plots of the total- 
pressure rise E, - % across the propeller diek against the square 
of the radius rat io (rB/RI2 

where 

Eo free-atmaan t o t a l  p r e s m ,  pound6 per square foot  

E, total pressure at survey point, pounds per squara foot 

R propeller radius t o  t i p ,  Inches 

rB rad ia l  diatance from thrust axis t o  survey point, inches 
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The performance of t& f our-blade propeller at various  blade 
loading conditions is presented  separately for free-stream Mach 
numbers of 0.20, 0.30, and 0.40 because it I s  impossible t o  compare 
the data obtained at different free-stream Wch llumbere inasmuch as 
tunnel-wall constriction effects vary with afrspeod. Characteristics 

. of the  three-blade propel ler  were determined only at a fme-stream 
Mach number of 0.40. AB in references 1 t o  5 , the results of the 
force measurements are of value p r l m r i l y  in shawlng the trend of 
propeller  efficiency f o r  change8 in pear cclefficient or  advance- I 
diameter ratio. The force measurementie of the four-blade and three - 
blade propellers are not comp~uabh fnamuch as the propeller e f f i -  1 
cienciee were calculated by mima of ELZ~ EtveraQe b a t a l l a t i o n  drag 
coefficient. (%e reference 1. Slipstmam surveys are presented 
t o  illustrate blade thrust load dist r ibut ion for certain opemting 
COIldit ion8 

&ee-stream Mach number, 0.20. - The characterist ics of the four- 
blade propeller are presented in figure 5 f o r  a mnge of D o w a r  coeffi-  
c ients  from 0.10 t o  0.90 at a free-stream Hach number of 0.20. 

For the range of advance-dianetsr ratios investigated the pro- 
peller  efficiency  decreased  rapldly w i t h  an increase in power coeffi-  
cient o r  decrease in advance -diameter ratio, The 1cw values of 
efficiency and the large slope of the efficiency curves indicate  that  
the propeller blades were operating beyond the &all or c r i t f c a l  tip 
Mach number for most of the conditions above a power coefficient of 
0.20. 

Slipstream surveys eharlng the effec t  of power coefficfent on 
blade thrmst load  dietribution are presented in figures 6 and 7 f o r  
advance-dhmter ratios of approximately 1.00 and 1.30, respeotfvely, 
At an advance-diameter r a t i o  of 1.00 and a power coefficient of 0.50 
(f lg. 6(a)), blade stall occurred on secticins outboard of 
(rs/R)2 = 0.40. The losses In thrmet loading on %he outboard  sections 
be- larger as the pawer coefffciont wa8 increased from 0.50 t o  
0.70 at an approximately  constant  advance-diameter r a t i o  (fige. 6(b) 
and 6 ( c ) ) .  A t  an advance-dianeter  ratio of about 1.30, the blade 
thrust load distr ibut ion for a p m r  coefficient of 0.41 was fairly 
unifcrm (fig. 7(a)). A n  increase  in p m r  Goeff.icient to 0.58 
resulted i n  flow bresk-dm on sectims outboard of (T~/R)~ = 0.40 
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and a further  increase In power coef f ic ien t   to  0.67 mused  larger 
losses in thrust  on the outboard  sections (figs. 7(b) and 7(c) ) .  

No comparison of the magnitudes of the  thrust  loadings i n   t h i s  
report  is valid, unless otherwise  stated,  because the aurveys were  
obtalned over a wide range of density  alt i tudes.  The diffsmnce 
between the right and lef t  surveys was due t o  a s l ight  misalinement 
of the  approachin&,airstream and propeller thrust axie. (See re fer -  
e m  6.) 

The effect  of advance-diameter r a t i o  on blade thrust  laad d i e t r i -  
butlon is sham by the slipstream surveys in figures 8 t o  10 f o r  power 
coefficients of ap-proximtely 0.20, 0.40, an& 0.80. The mxirmun thrust  
load shifted toward the t ip   sect ions as the a&v&nce-diamter r a t i o  was 
decreased frm 1.13 t o  0.62 fo r  a power coefficient of 0.20. The sur- 
vey fo r  an advance-diasneter r a t i o  o a . 6 2  (fig.  8(c)) does not show 
any serious ccmpressibility losses although the t i p  Mach  number was 
about 0.93. A t  R power coefficient o f  about 0.40 (f ig .  9) ,  the  bhd.e 
thrust  load dist r ibut ion  for  an advance-diameter r a t i o  ' of 1.05 was 
uniform, but a decrease in advance-diasleter rat io t o  0.81 resulted 
i n  serious flow break-dam on the mtbotisd section8  cauaing the load  
t o  shift inboard. A t  a power coefficient of about 0.80 and an advance- 
diameter r a t i o  of 1.55 (fig . 10) , the outboard b-We sections were 
s ta l led  and a reduction i n  advance-diametar r a t i o   t o  0.99 had no radical 
effect  on the blade thrust load dietribution. 

Free-strean Mach number, 0.30,. - The characterist ics of the four- 
blade propeller a m  presented in   f igure 11 f o r  a reage of power cooff i- 
cients  from 0.10 t o  1.00 at a free-straam Mach number of 0.30. 

Within the range of advance4laThoter ratfos inveetigated, the 
higheet  efficioncies were obtained at power coefficients from 0.10 t o  
0.40. The propeller effTcicncy deCrea8Qd wlth an increaso  in power 
coefficisnt,  The propeller blades were ap$krently stalled or the 
c r i t i c a l   t i p  Mack numbor b d  been exceed& far mod  conditions above a 
power oooffioiont-of 0.W (fig. U)  . 

The effect otpower coefficicnt on blade thrust  load distribution 
is shown in f igWe 2.2 for t h  conditLmf3 of figure I1 at- advance - 
dlameter ratio of about 1.30, At a power coofficiant of 0.09 tho 
maximum thrua-b loadirq-3 occurrod an t h e  inboard sections and a change 
in  powor Goefficient t o  0.19 shiftod tha mximulg thrust  load toward 
the t i p  EIeCtions (figs. 12(a) and 12(b)). A t  q pmar coefficient of '1. 0.50, flow b m s k - d m  occurred m the outboard  gections  caused by a 

I combinstion of s-t;alL and compressibility effeate ( f ig .  12(0)). 
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The effect  of a d m n c e - d i a d x r  ratio on blade thrust  load  dia- 
t r ibu t ion  is s h m  5n figures 13, 14, ernd 15 f o r  power cwff ic ien ts  
of approximtely 0.20, 0.40,'and 0.50, reapeotlvely. In general, 
the  slipatream surveys f o r  each of the power coefffcients  Indicate 
that, far conditions below the stall or c r f t i c a l   t i p  Mach number, 
the maximum thrust load  shif ted toward the  t ip   sect ions ae the 
advance-diameter r a t i o  waa decreased. Serioue flow b r e a k a m  8% 
the  outboard  section was evfdent at a power coefficient of 0.50 and 
an advan~e-di~imet8r r a t i o  of 1.21 (fig. ~ ( c ) ) .  

€tree -stream Mach number, 0.40 - The variation of the efficiency 
of the  four-blade propeller with  advame-diamter  ratio is presented 
In figure 16 f o r  power coefficients from 0.10 t o  1.00 at  a free- 
stream Mach number of 0 .a. 

The range of  advance-diameter ra t ios  investigated wa8 below the 
value for peak eff ic ienciee  for  all parer  coefffcienta above 0.10. 
In  th l s  range of  advance-diameter ra t ios   the  propeller efficiency 
decreased rapidly as the p m r  coefficient was fncreaeed above 0.10. 

The effect  of power coefffcient OR blade thmst load dist r ibu-  
tion is shown by the slipetream m y s  i n  figure 17, which c o m -  
apond t o  the conditions of figure 16 at an advance-diEtmeter ratio 
of approxfslately 2.10. A t  a parer coefficient of 0.09 (fie. 17(a)) 
the  thrust  loading m a  low an& the loading on the inboard Bections 
was slightly  greater  than on the tip sections. As the  parer  coeffi- 
cient m e  increased *om 0.09 t o  0.61 ( f iga .  17(b) to 17(d)), %he 
over-all t h a t  load increased. and the maximum load shif ted toward 
the t i p  eectiona. Flow break-6arn  occurred on the  outboard  eectims 
at a power coefficient of 0.99 (fig. 17(e)) . 

Three -Blade Propeller 

Free -stream Mach number, 0.40 . - Performance cha,mcterietlcs 
the  three  -blade p r o p l l e r  are shown Z n  figure 18 f o r  a range OP 
power coefficients from 0.32 t o  1.00 at a free-stream Mach number 
0.40. 

of 

of 

Nearly constank maximum efficlencies we- o3tained for power 
coefficients from 0.32 t o  9.63 f o r  advanco-diqmBhr r a t i o s  between 
1.90 and 3.00. As the power coeffioient wa8 increased  the peak 
efficiency  occurrad at generally  increasing  advance-diameter  ratios. 
The propeller efficiency fo r  the high power coeff fcients decreased 
mpihly as the  advance-diametor r a t i o  was reduced bel& 2-80 
(fig.  18). 
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Tkre effect  Of D o w e r  COeffiCieIIt On blade thrust l a d  dietribution 
is e h m  by the  slipstream survey8 in figures 19, 20, esld 21, which 
cormspond t o  the condition8 of figure 18 for advance -diamter  ratlo8 
of approximately 1.35, 2.10, and 2.90, respectively. A t  an advance- 
diameter r a t i o  of 1-76 d a parer c.oefficient of 0.32 (fig.  19(a) )  
t h e  thruflt load on the outboard section8 m e .  somewhat greater than on 
the inboard sections, A change in power coefficient  to 0.53 at nearly 
the same advance-dietmeter rat i o  f f ig.  19(b) ) resulted  in flow  break- 
down on the outboard sections. The loss in thrust  due t o  f low break- 
down increased considerably a8 the power coefficient was further 
increased t o  0.65 ( f ig .  19(c) ) .  

A t  an advance-diameter r a t i o  of approximately 2.10, the b M e  
t h r u s t  load  distributions for paror coefficiente 0.39 and 0.53 were 
uniform and similar excegt tha t ,  as the power coef1icien.t;. was increased, 
the m a x i m u m  load shifted sl ight ly  toward the t ip   sec t ions   ( f igs .  20(a) 
and 20(b) ) . The right survey for a power coefficient of 0.63’ 
(fig. 20(c))  indicates  init ial  stall on the outboard eections. A t  
power coefficient8 from 0.74 t o  1.07 ( f igs .  20(d) t o  2O(g) )  sorlous 
flow break-down occurred on the  outboard  sections and the   thrust  load 
increaeed  slightly on the inboard  sections, 

A t  an advance -diameter ratio of about 2.87 the blade thrust loading 
wae uniform f o r  a g m r  coefficient-of 0.62 (fig. 21(a)). The thruet 
load distr ibut ion  for  parer coeTficiente of 0.75 and. 0.85 (fige.  21(b) 
and 21(c) ) were  also fairly uniform except that the right eurvoys dip 
sl ight ly  at the outboard eectiow, indicating in i t i a l  blade stall. Ak 
a power coefficienk of 1.03 (f ig .  21(d)) flow break-down occurred on 
sections outboard of (rS/R)’ = 0.35. 

The effect  of advance-dlameter r a t i o  on blade thrust  load d i s t r i -  
bution is shown in figures 22, 23, and 24 for pmer  coofiicients of 
0.32, 0.53, d 0.63, 63sgectivel.y. A t  a power coefficient of 0.32, 
the  thrust  load- increaeed and the maximum load ehtftsd e;raduall;g 
from the inboard  sections t o  the  outboard  eectlons 88 the advance- 
diameter r a t i o  was  reduced from 3.06 to 1.78 ( f ig s .  22(a) t o  22(d)) * 
A further  reduction in ad+ance-diameter r a t i o   t o  1.44, which corrosponda 
t o  a t i p  Mach number of 0.97, resulted in compressibilitp loesea On 
sections outboard of (re/R)2 = 0.60 (f ig .  22(a)>. 

At a power coefficient of0.53 the  thrust  load distribution for 
advancedlamter   ra t ios  from 3.32 t o  2.19 ( f i ~ s .  23(a) t o  23(c)) wore 
uniform and similar except that the rnaxbmn b a d  shif ted  s l lght ly  
toward the   t ip   sect ions aa the advance-diameter r a t i o  was reduced. 
S t a l l  and compreesibility  effects became .evfdent a t  an advance-dlametdr 
r a t i o  of 1.72 (fig.  23(d)). 
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A t  a power coefficient of  about 0.63 the  thrust  load dist r ibu-  
t i on  f o r  advanoe-diameter r a t ioa  of 3.60 and 2.87 (figa. 24(a) and 
24(b)) were uniform and simi3ar. I n i t i a l  blade stall vas apparent 
at a n  advance-diameter r a t i o  of 2.15 (f ig .  24(c))  and a decrease i n  
advance-diameter ratio t o  1.78 (fig. 24 caused serious flow 
breakdown on sections  outboard  of  (rs 

The resu l t s  of the force meaeurelnents w e  indicat ive only  of’ 
the  trend i n  p r o p l l e r  efficiency with change8 i n  power coefficient 
or  advance-diambr r a t i o  inasmuch a& no corrections for the   effects  
of tunnel-wall constriction on the  instel la t ion were applied. 

The investigation in the   a l t i tude wfnd tunnel of Hamilton 
Standard 6507A-2 four-blade and three-blade propeller8 on the 
YP-47M airglaxie indicated that: 

1. Within  the range of advance-diameter ratios investigated 
at each of the  free-stream Mach numbers, the efficiency of the 
four-blade  propeller  decreaees as the  power coefficient wes 
Increased from 0.10 t o  1.00. 

2. For the  three -bl.a.de propeller, nearly constant maximum 
efficiencies were obtained for power coefficients from 0.32 t o  
0.63 at advance-diameter ratioa betweon 1.90 and 3.00. 

3. In  general, for condftione below the stall or c r i t i c a l  
t i p  Mach number, the mimum blade thrust loading shif ted from 
the inboard  seotions tow& the t i p  sections a8 the power cueffi-  
cient was increased or  as the advmce-diameter  ratio was decreased. 
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For conditixxm beyond the stall or c r i t i c a l   t i p  Mach number, loases 
in thrust  occurred on the outboard blade sections owin& to flow break- 
down; the  load on the inboard  sections  increased slightly. 

Aircraft Engine Research  Laboratory, 

Cleveland , Ohio. 
National Advisory Comittee f o r  Aeronautics, 

Solomon M. Sorin, 
Mechanical Enginser. 

Approved : 
Alfred W. Young, 
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Figure 1. - Blade -form curves for Hanilton Standard blade d e s i g n  
6507A-2. b, section chord; D, propeller (liameter; h, eection  thick- 
nese; R, radius t o   t i p ;  r, eection radius. 

Figure 2. - Hamilton Standard 6507A-2 propeller  blade. 

Fi@;ure 3. - Front view of YP-47M airplane with 3amilton Standard 
6507A-2 four-blade progUer. installed tn al t i tude -wind-tunnel test 
sect ion. 

Figure 4. - Front view of YP-47M airplane with  Eamilton  Standard 
6507A-2 three -blade propeller  imtalled  in  al t i tude-wind-tunnel  test  
section. 

Figure 5. - Characterietics of Hamilton Standard 65078-2 four-Wade 
propeller on YP-47M airplans at free-stream Mach number M, & 
a-pproximateu 0.20 . . . . . . . . - . 

Fi@;ure 6. - Effect of power coefficient Cp m blade thrust load dis-  
t r ibut ion at advance-diameter r a t i o  J of approximately 1.00 and 
free-stream Mach number of approximately 0.20 . Hamilton Standard 
6507A-2 f our-blade propeller. 
(a) Cp, 0.50; J, 1.05; %, 0.19; Mt, 0.61. 
(b)  Cp, 0.60; J, 0.94; G, 0.18; 4, 0.64. 
(c) Cp, 0.70; J, 0.93; Mo, 0.18; 4, 0.64. 

Figure 7.  - Effect-f pmer coefficient Cp on blade t&”u8t load d is -  
t r ibut ion at advance-dianeter ratio J of approximately 1.30 and 
free-stream Mach number M, of approximately 0.20. W i l t o n  Standard 
SsO7A-2 Sourpblaide propeller. 
(a} Cp, 0.47; J, 1.33; %, 0.19, 4, 0.49. 
(b) Cp, 0+8; 3, 1.35; %, 0.19; Mt, 0.49. 
(c)  CP, 0.67.;. J, 1.27; Gj 0.19; M t ,  0.51. 

Figure 8. - Effeot.”of advance -diameter r a t i o  J on blade thruet load 
di8tribution at power coeff icient oFappoximczt6ly 0.20 and free- 
stream Mach number M, of approxima e l y  0,2G. Hamilton Standard  
6507A-2 f our-blade propeller. 
(a) Cp, 0.19; J, 1.13; %, 0.20;. M t ,  0.60. 

(c)  9, 0.21; J, 0,62; %, 0.18; Mt, 0.93. 

cP 

(b) Cp, 0.19; J, 0.86; M,, 0.20; 4, 0.74. 
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Figure 9. - Xffect of advancediameter  ratio J on blade tllrust 
l& dist r ibut ion at parer  coefficient Cp of approximately 0.40 
and free-stream Mach number M, of approximately 0.20. IEamilton 
Standard 6507A-2 f our-blade prope.Uer. 
(a) Cp, 0.38; J, 1.05; 4, 0.19; 4, 0.60. 
(b) Cp, 0.40; J, 0.81; b, 0.20; X&, 0.79. 

Figure 10. - Effect of  ad.vance-diameter r a t i o  J on blade thrust  
load dfstribution at power coefficient Gp of approximately 0.80 
and free -stream Mach number M, of approximately 0.20. IEEtmilton 
Standard 6507A-2 four-blade propeller. 
(a) Cp, 0.79; J, 1.55; q, 0.20; M&, 0.45. 
(b) Cp, 0.76; JJ 1.43; p.6, 0.20; 4, 0,48. 
(C) Cp, 0.83; J, 1-51; pb, 0.18; %, 0.48. 
(d) Cp, 0.81; J, 0.99; I%, 0.17; M t ,  0.58. 

Figure 11, - Characteristics of Ilamilton Standard 65076-2 four- 
blade propeller on YP-47M airplane at free-stream Mach number M, 
of approximately 0.30. 

Figure 12. - Effect of p a r e r  ccefficient Cp on blade thrust load 
dist r ibut ion at advance-dlamter  ratio J of apgroximately 1.30 
and free-stream Mach number M, Gf approximately 0.30. Hamilton 
Standard 6507A-2 four-blade propeller. 
(a) Cp, 0.09; J, 1.29; Ido, 0.30; %, 0.78. 
(b) C-p, 0.19; J, 1.30; &, 0.30; I&, 0.78. 
( c )  Cp, 0.50; J, 1.21; Mo, 0.30; Mt, 0.82. 

Figure 13. - Effect of advance-diameter r a t i o  J on blade thrust 
load dist r ibut ion a t  power coefficient Cp of approximately  0.20 
and free-stream Mach number M, of apgroximtely 0.30. Hamilton 
Standard 6507A-2 four-blade prapeller. 
(a) Cp, 0.17; J, 1.67; b&, 0.31; &, 0.65. 
(a) Cp, 0.19; 3, 1.30; %, 0.30; Mt, 0.78. 
(c) Cp, 0.21; J, 0196; Mo, 0.28; Mt, 0.96. 

Figure 14. - Xffect of  advance-diameter ratio J on blade thrust 
load didribution at power coe f f i cbn t  Cp of approximately 0.40 
and free-stream Mach number of ap-proximatelg 0.30. Hamflton 
Standard 6507A-2 f our-bMe gmpel le r  . 
(a) Cp, 0.37; J, 2.02; h, 0,3O; 14t, 0.55. 
(b) Cp, 0.39; J, 1.60; b b J  0.3; 4, 0.65; 
( c )  Cp, 0.41; J, 1.17; %, 0.28; Nt, 0.81. 
(d) Cp, 0.42; J, 1.03; hJ 0.29; hi+., 0.96. 
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Figure 3.5. - Effect of advance-diameter r a t i o  3 on blade thrust 
load die t r ibu t ion   a t  power coefficient Cp of approximately 0.50 
and  free-stream Mach number M, ofapprox3.matel.y 0.30. IWKLton 
Standard 6507A-2 four-blade  propeller. 
(a) Cp, 0.47; J, 2.02; 0.30; Mt, 0.55. 
(b)  Cp, 0.50; J, 1.56; G, 0.29; 4, 0.65. 
(c )  Cp, 0.50; J, 1.21; %, 0.30; M t ,  0.82. 

Figure 16, - Characteristics of M i l t o n  Standard 6507A-2 four-blade 
propeller on YP-47M a i ~ l a n e  at free-stream Mach number M, of 
approximately 0.40. 

Figure 17. - Effect of parer  coefficient Cp on blade thrust load dis- 
t r ibut ion a t  advance-diameter r a t i o  J of approximately 2.10 and free- 
stream Mach number M ,  of apprcxximately 0.40, Hamilton Standard 
6507A-2 f our-blade  prfipeller . 
(a) Cp, 0.09; J, 2.05; %, 0.39; Mt, 0.71. 
(b) Cp, 0.38; J, 2420; 0.39; 4, 0.68. 
(c) Cp, 0.48; J, 2.20; %, 0.39; M t ,  0.68. 
(d) Cp, 0.61; J, 2.15; b, 0.40; Mi, 0.71. 
(e) Cp, 0.99; J, 2.03; G, 0.38; Mk, 0.70. 

.. 

Figure 18. - Chmcte r i e t i c s  of Hamilton Stmdard. 6507A-2 three-blade 
propeller on YP-4x4 airplane at-r&-stream Mach number M ,  of approxi- 
mately 0.40. . .  

Figure 19. - Effect of power coefficient Cp on blade thrust load die- 
t r ibut lon at advance-diame%r m t i o  J of ‘agproximately 1.75 and free- 

three -blade propeller. 
(a) Cp, 0.32; J, 1.78; %, 0.41; 4, 0.83. 
(b) Cp, 0.53; J, 1.72; G, 0.40; M t ,  0.83. 
(c)  Cp, 0.65; J, 1.78; Mo, 0.39; &, 0.80. 

8tZWm Mach number M, of approx”te1y 0.40. Ebmilton Standard 650711-2 

Figure x). - Effect of power coefficient Cp on blade thrust load  dis- 
tributTon at advance -diameter ratio c;7 of app?qcimately 2.10 and free- 
stream Mach number Mo of etpproxlmately 0.40. Barnilton Standard 
6507A-2 three-blade  propeller. 
(a) Cp, 0.39; J, 1.97; 0,40; Mt, 0.76. 
(b) Cp, 0.53; J, 2.19; %, 0.41; M t ,  0.71. 
(c )  Cp, 0.63; J, 2.15; B$,, 0.39; M t ,  0,70. 
(a) Cp, 0.74; J, 2.11; h, 0.39; 4, 0.69. 
(e) cp, 0.85; J, 2.09; %, 0.38; Mt, 0.69. 
(f) Cp, 0.94; J, 2.03; &, 0.37; 4, 0.69. 
(9) Cp, 1.07; J, 2.05; %, 0.37; &, 0.68. 



Figure 21. - Xffect of power coefficient C on blade thrust load 
dist r i tmtion at advancediameter r a t i o  P of apgroximateu 2.90 
and free-stream 3hch number M, of approximately 0.40. Hamilton 
Stand.ard 6507A-2 three -blade p r o p l l e r  . 
(a) Cp, 0.62; J, 2.87; %, 0.40; 4, 0.59. 
(b) Cp, 0.75; J, 2,90; %, 0.40; %, Oi59; 
( c )  Cp, 0.85; J, 2.89; %, 0.40; I+, 0-59. 
(a) Cp, 1.03; J, 2.72; h, 0.39; q, 0.60. 

Figure 22. - Effect of advance-diameter r a t i o  J on blade thrust 
load dist r ibut ion at power coefficient Cp of anproximately 0.32 
and free-stream MEtch number M, of approximately 0.40. m i l t o n  
Standard 6507A-2 three -blade propeller. 
(a) Cp, 0.32; J, 3.06; %, 0.40; Mt, 0.57. 
(b) Cp, 0.32; 3, 2.36; plo, 0.39; e, 0.66. 
(c )  Cp,  0.32; J, 1.97; %, 0.40; Mt, 0.76. 
(a) Cp, 0.32; J, 1.78; Mor 0.41; 4, 0.83. 
(e) Cp, 0.32; J, 1.44; Mor 0.40; Mt, 0.97. 

Figure 23. - Effect of advance-d”ter r a t i o  J on blade thrust 
load distribution at power coefficient Cp of approximately 0.53 
and free -stream Mach number 1.b of approximately 0.40, Hamilton 
Standard 6507A-2 three -blade propeller. 
(a) Cp, 0.53; J, 3.32; %, 0.40; M t ,  0.55. 
(b) Cp, 0.53; J, 2.53; 0.40; I%, 0.64, 
(c) Cp, 0.53; J, 2.19; %, 0.41; M+, 0.71. 
(a) Cp, 0.53; J, 1.72; I%, 0.40; Mt, 0.83. 

Figure 24, - Effect of advance-diameter r a t i o  J on blade thrust  
load d i s t r i b u t i o n  at p m r  coefficient ’cp of approximtely 0.63 
and free -&ream Mach number M! of ’approximately 0.40. Hamilton 
Standard 6507A-2 three -blade propeller. 

0.64; J, 3.60; G, 0.40; %, 0.53. 

(G) Cp, 0;63; J, 2.15; %, 0.39; 4, 0.70. 
(d) Cp, 0.65; J, 1.78; M,,, 0.39; &It, 0.80. 

0.62; J, 2.87; I%, 0.40; %, 0.59. 
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( C )  Cp, 0.70; J, 0.93; Mo, 0.18; Mtn 0.64. 
Figure 6.- Concluffed. Effect of power coe f f i c i ent  Cp on 

blade thrust l o e d  distribution at advance-diameter ratio 
J of approximately 1.00 and free-stream Mach number M, 
Of appPoxlmatelY O.?O; Hamilton  Standard 6507A-2 four- 
blade propeller.  
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( C )  Cp, 0.67;  J, 1.27; Mo, 0.19; Mtr 0.51. 
Figure 7,- Concluded. Effect of power aoefricient Cp on 

blade thrust load dlstrlbution a t  advance-diameter ratio J 
of approximately 1.30 and free-stream Mach number Mo of 
approximately 0.20. Hamilton Standard 6507A-2 fourb lade  
propeller. 
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(b) Cp, 0.19; J, 0.861 M,, 0.20; Yt, 0.74. 
Figure 8.- Effect of advance-diameter rat io  J on blade 

thrust load dlstrlbution at power coefffcient  C of- 
approximtely 0.20 'and free-stream Mach number 8, of 
approximately 0.20. Hamilton Standard 6507A-2 four- 
blade propeller, 
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of approximately 0.20 and free-stream Mach number NIo of 
approximately 0.20. Hamilton Standard 6507A-2 four-blade 
propeller. 
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Figure 9.- Effect of  advanEe-dlameter~ratio J on blade thrust 
load distrlbutlon a t  power coefficient Cp or approximately 
0.40 and free-stream Mach number ldo of  approximately 0.20. 
Hamilton Standard 6507d-2 four-blade propeller. 
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( C )  Cpr 0.50; J, 1q23.5 M o p  0.30; Mt, 0.82. 
Figure 12.- Concluded. Effect of  power coefflclent Cp on 

blade thrust load dlstribution a t  advance-diameter ratio J 
of approximately 1.30 and free-s tream Mach number €6, of  
approximately 0.30. Hamilton Standard 65076-2 four-blade 
propeller. 
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Figure 13 . - Concluded. ameter ratlo J 
on b l a d e  thrust load distribution at power coefflcient Cp 
of approximately 0.20 and free-stream Mach number Ho Of 
approximately 0.30. Hamllton Standard 6507A-2 four-blade 
propeller. 
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( a )  Cpr 0.42; J p  1.00; H,, 0.291 M + p  0.96. 
Figure 14.- Concluded. E f f e a t  of advancediameter rat io  3 on 

blade thrust load distribution at powqr ooefricient Cp of 
approximately 0.kO and free-stream Mach number M, of 
approximatelr 0.30. Hamilton Standard 6507A-2 four- 
blade propeller. 
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(c) Cp, 0.50; J, 1.21; HI,, 0.30; Mt, 0.82. 
F I g u r e  25.- Conaluded. Effect of advance-dtameter rat lo  J 
on blade thrust load dlstribution at poser coefficient Cp 
of approximately 0.50 and free-stream Mach number Mo of 
approximately 0.30. Hamilton Standard 6507A-2 four-blade 
propeller. 
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Fi m e  16.- Characterlstics of Hamilton Standard 6507A-2 
four-blade prope l l er  on YP-47M airplane at free-stream 
Maoh number M, of approximately 0.40. 
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(a )  Cp, 0.09; J, 2.05;  Mo, 0.39; It, 0.71. 

( e )  Cp, 0.48; J, 2.20; M,, 0.391 Mt, 0.68. 
Figure 17.- Effect of' power coeff ic ient  Cp on blade thrust 

load distribution at advance4lameter ratlo J of approxi- 
mately 2.10 a n d  fwe-stream Mach number Mo of  approximately 
0.40. Earniltun Standard 6607A-2 four-blade propeller. 
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( e )  Cp, 0.99; J, 2.03; Mo, 0.38; Mt, 0.70. 
Figure 17.- Concluded. Effect or power coefficient Cp on 

blade thrust load distribution at advanae-dlarneter ratio 
J of approxfmately 2 -10 and free-stream Mach number M, 
of approximately 0.40. Hamilton Standard 6507A-Z f o u r  
blade propeller. 
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Advance-diameter ratto, J 
Figure 18.- Characterlstics of Hamilton Standard 6507A-2 three- 

blade  p r o p e l l e r  on YP-47M airplane at free-stream Mach n w b e r  
!do of a p p r o x l m t e l y  0.40. 
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Figure 19.- Effect of power coefficient C .on blade thrust 

load distribution at advance-diameter ratlo 3 of approxi- 
mately 1.75 and free-stream Mach number H or approximately 
0.40. Hamilton Standard 6507A-2 three-bla8e prope l l er .  
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( c )  Cpr 0.65;  J, 1.78; M,, 0.38; Mt, 0.80. 
Figure 19.- Concluded. Effect of power coefffclent Cp on 

blade thrust load distrlbutlon at advance-dlameter ratio J 
of approximately 1.75 and free-stream Mach number Mo of 
approximately 0 .40 .  Hamilton  Standard 6507A-2 three-blade 
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propeller.  
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( C )  Cp, 0.63; J, 2.15; Ma, 0.39; Mt, 0.70. 
Figure 20.- E f f e c t  of' power coefficient Cp on blade thrust 

load distrlbution at advance-diameter r a t f o  J of approxi- 
mately 2.10 and free-stream Mach number Y of approximately 
0.40. Hamilton Standard 6507A-2 three-bla8e propeller,' 
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( e )  C p r  0 .85 ;  3 ,  2.09; M ~ ,  0.36; Mt, 0.6Q. 
Flgure 20.- Continued. Effect of power coerflctent cp on 

blade thrust  load distribution at advance-dlatneter r a t i o  J 
of approximately 2.10 and free-stream Mach number Mo of 
approxima t e l g  0.40, Rantilton Standard 65078-2 tbee-blade 
propeller. 
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( c )  Cp,  0.32; J, 1.97; I,, 0.40; M,, 0.76. 
Figure 22.- Effect of advance-diameter ratio 3 on blade thrust 

load distr ibut ion a t  power ooeff lc lent  Cp of approximately 
0.32 and free-stream Mach number Ma of approximately 0.40. 
Ramilton Standard 6507A-2 three-blade propeller. 
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F i g w e  22.- Concluded. Effect of advance-diameter ratlo 3 on 

blade thrust load distribution at power coefficient Cp of 
approximately 0.52  and free-stream Mach number M, of 
approxlmtely 0.40. Hamilton Standard 6507A-2 three-bla$e 
prom Uer. 
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(a)  Cpr 0.53; J, 1.72; Mo, 0.40; Mt, 0.830 
Figure 23.- Concluded. mfeot of advance-dlamter r a t io  3 

on blade thrust load dlstr lbut ion a t  power coefffcient Cp 
of approximately 0.53 and f ree-stream Mach number M, of 
approxlmatelp 0.40. Hamilton Standard 6507A-2 three-blade 
propeller. 
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