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SECTION  THRUST  COEFFICIENTS FOR A FULL-SCALE, 

THREE-BLADE, SUPERSONIC-TYPE PROPELLER 

OPERATING AT LOW AND NEGATrvE 

BUBE ANGLES 

By Leland B. Salters,  Jr.,  and Maxtha C. Lewis 

An investigation has been  conducted  at  the  Langley  16-foot  transonic 
tunnel  at  Mach n-r of about 0 .I4 (110 miles  per  hour)  to  determine  the 
aerodynamic loading on a three-blade,  9.75-foot-dias~eter,  supersonic-type 
propeller  when  used  as a brake.  The  results of the  slipstream  survey  are 
presented  without analysis in  tabular form for blade-angle  settings  at 
the 0.75 radial  station from 16.4O to -13.60 in approximately  increments. 

INTFiODUCTION 

An investigation of the  aeroaynamic  characteristics  of  full-scale 
supersonic-type  propellers has been  conducted  at  the Langley 16-foot 
transonic tunnel and some of  the  results  are  given in references 1 and 2. 
Included in the  investigatfon was an  evaluation of the  Curtiss-Wright 
109626 propeller  when  used a s  a brake  wherein  the  propeller was tested 
at low Mach  numbers and at low positive and negative  blade-angle  settings. 
The  force  data  obtained  during  this  evaluation  were  included  in  reference 1. 
The wake-survey data .are  included  in  this  paper  without  analysis in the 
form of tabulations  for 16.4O, 11.4', 6.4O, 1.4O, -3.6O, -8.6O, and 
-13.6O blade-angle  settings  at  the 0.75 radial  station at Mach rider 0.14. 
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The three-blade  9.75-foot-diameter  propeller  designated as the 
Curtias-Wright design number 109626 i s  shown in figure 1 and described 
i n  reference 1. Blade-form curves are  given i n  figure 2. The blades 
were of s o l i d  e tee l  and designed for a four-blade  10-foot-diameter  pro- 
peller  configuration w i t h  peak efficiency at 35,OOO-foot alt i tude,  
2,600 r p m ,  E Mach  number of 0.95, and an advance ratio of 2.2, The pro- 
pel le r  was tested at the Langley 16-foot transonic  tunnel on the 6,000- 
horsepower propeller dynammeter as described i n  reference 3 and shown 
i n  figures 1 and 3 .  
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Wake-Survey Rakes 
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The two rakes used i n  this investigation  incorporated static- and 
total-pressure  tubes with radial  positions fYom x = 0.324 to x = 1.4.06. 
Figure 4 gives  the details of the rakes and figure 1 shows the r a k e s  
installed  in  the tunnel test   section. The rake orif ices  were located 
51 inches (0.44 propeller diameter) behind  the  propeller  plane of 
rotation. 

TESTS 

The tests were made a t  a constant  Wch number  of approximately 0.14 
with blade angles a t  the 0.75 radial  station  varying from 16 .bo to -13.6' 
i n  approximately 5' increments.  For  each  blade-angle set t ing the rota- 
t i o n a l  speed was varied over the  greatest  possible  range  within the 
limitations of power and wlthin  the limitations imposed by blade flutter 
sensit ivity.  

REDUCTION OF DATA 

The method used for comguting the section  thrust  coefficient from 
rake data is presented in  reference 4, wherein the following equation 
for the blade-section thrust coefficient i s  derived: 

where 4% is obtained  directly  f'romtotal-pressure  masurements. NO 

corrections were applied f o r  contraction or expansion of the  slipstream 
between propeller and rake. 

The results of the  slipstream survey  axe  presented in   t ab les  I t o  V I I .  
The tables show the total preseure and section  thrust  coefficient f o r  each 
rake probe within the boundary of the  slipstream f o r  various values of 

of the 51-inch distance (0.44 propeller  diameter) between the  propeller 
plane of rotation and the  orifices of the rake  probes, the diameter of 

.. rotational speed and blade-angle settings. It may be noted tha t  because 
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the slipstream  at  the  rake  is  not  always  equal  to  the  propeller  diameter. 
Both  contractions  and  expansions  in  slipstream  diameter  are  registered 
at the rake. Errors in  the  tabulated  values may exist  due to malfunctions 
of some inaividual  total-pressure  probes  but  these will be  obvious when 
the data are  plotted. 

T 

The following index is provided f o r  convenient  reference  to  the 
tabulated  data: 

Tab  le 

VI 
V I 1  ! p0.73, del3 

16.4 
l l . 4  
6.4 
1.4 

-8.6 
-3.6 

-13.6 ! M 0.146 
.151 . I45 
.147 
.145 
.145 
.136 

Range of rotational 
speed, r p m  

1,100 to 2,000 
1,250 to 2,100 
700 to 2,100 
300 t o  590 
300 t o  600 
300 to 950 
300 to 700 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Langley  Field, Va., December 10, 1957. . 
t 
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Figure 1.- The 6,000-harsepower propeller dynamometer mounted in the Langley 16-faot transonic 

tamel with propelkr and walre-survey rakes installed. 
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F i g r e  2.- Blade-form  characteristics of the Curtiss-Wright supersonic 
propeller, design number 109626. - 
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Figure 4.- Sketch of rake number 1. Rake number 2 is identical  except 
in  dimension A. 
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