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SUMMARY 

T e s t s  of 2 -b lade ,  a d j u s t a b l e - p i t c h ,  c o u n t e r r o t a t i n g .  ' 

tandem model p r o p e l l e r s ,  a d j u s t e d  t o  a b s o r b - e q u a l  puwer 
a t  maximum e f f i c i e n c y ,  were made a t  S t a n f o r d  U n i v e r s i t y .  

The c h a r a c t e r i s t i c s ,  f o r  15O, 25O, 35O, and  45O p i t c h  
s e t t i n g s  a t  0.75 R of t h e  forward p r o p e l l e r  and f o r  8-1/2 
p e r c e n t ,  1 5  p e r c e n t  and 30 p e r c e n t  d iamete r  s p a c i n g s ,  were 
compared w i t h  t h o s e  of 2-blade and 4-blade p r o p e l l e r s  of 
t h e  same b l a d e  form. 

The t e s t s  showed t h a t  t h e  e f f i c i e n c y  of t h e  tandem 
p r o p e l l e r s  w a s  from 0 .5  p e r c e n t  t o  4  p e r c e n t  g r e a t e r  than  
t h a t  of a 4-blade  p r o p e l l e r  and ,  a t  t h e  h i g h  p i t c h  s e t -  
t i n g s ,  n o t  a p p r e c i a b l y  i n f e r i o r  t o  t h a t  of a  2-blade pro-  
p e l l e r .  

I t  w a s  found t h a t  t h e  r e a r  tandem p r o p e l l e r  should  be 
s e t  a t  a p i t c h  a n g l e  s l i g h t l y  l e s s  t h a n  t h a t  of t h e  f o r -  
ward p r o p e l l e r  t o  r e a l i z e  t h e  c o n d i t i o n  of e q u a l  power a t  
maximum e f f i c i e n c y .  Under t h i s  c o n d i t i o n  t h e  t o t a l  power 
absorbed  by t h e  tandem p r o p e l l e r s  w a s  from 3  p e r c e n t  t o  9 
p e r c e n t  more than  t h a t  absorbed  by t h e  $-blade p r o p e l l e r  
and  about  t w i c e  t h a t  absorbed  by a 2-blade  p r o p e l l e r ,  

I WTRODUCTION 

Tandem a i r  p r o p e l l e r s  have been t h e  s u b j e c t  of b o t h  
e x p e r i m e n t a l  and t h e o r e t i c a l  i n v e s t i g a t i o n s  ( r e f e r e n c e s  
1 t o  5 ) .  The e x p e r i m e n t a l  s t u d i e s  f o r  which d a t a  a r e  
a v a i l a b l e  r e l a t e  f o r  t h e  most p a r t  t o  tandem p r o p e l l e r s  
s e p a r a t e d  by c o n s i d e r a b l e  d i s t a n c e ,  abou t  one d i a m e t e r ,  
and wi th  a body r e p r e s e n t i n g  a n  eng ine  n a c e l l e  between. 
The forward  p r o p e l l e r  was t h u s  a t r a c t o r  w i t h  i n t e r f e r -  
ence i n  t h e  r e a r ,  and r e a r  p r o p e l l e r  a pusher  w i t h  i n t c r -  
f o r e n c e  fo rward  of i t .  



At the request and with the financial assistance of 
tie National Advisory Committee for Aeronautics, the pres- 
ent eqsritnental study was carried out. The purpose was 
to determine the characteristics of tandem propellers un- 
der the condition of close spacing such as would be prac- 
ticable with an engine having two concentric shafts geared 
together and with opposite directions of rotation. 

iThile, in this case, tho characteristics of the in- 
dividual propellers of the tandem combination as well as 
the effect of each propeller upon the other might be of 
interest, the important consideration is the relation of 
the characteristics of the tandem combination as a whole 
to those of a single propallor designed to absorb tho same 
powor at tha samc angular velocity and speed of advance. 

It is obvious that for tandem propellers of the same 
form, size, an& angular velocity, the division of power 
absorbed between them would depend on the rela- 
tion of pitch. It seemad that an equal division of power 
under the usual conditions of operation might constf tute 
an incidental advrntage, since there would be no rolling 

. moment due to propeller torque acting on the plano and the 
slipstream would be without twist. The condition that t 

equal power should be absorbed by the two propellers at 
maximum efficiency of the combination mas theref ore, arbie 
trarily chosen for determining the relation of pitch set- 
tings used for test. 

APPBBATUS AND TESTS 

Wind tunnel.- The experiments of this investigatf an 
were carried on in the wind tunnel of the Daniel Guggenheim 
Aeronautical Laboratory of Stanford University, This tun- 
nel is of the Eiffel type with open throat "7-1/2 feet in 
diameter. The maximum wind velocity is 90 miles per hour. 

Dynamomet=. - The propeller dynamometer i a shown sche- 
matically in figure 1, It consists essentially of a long 
electric motor which is provided with a direct connected, 
right-hand rotation, shaft S1, and a geared, left-hand ro- 
tation, shaft Ss. The whole assembly is mounted on knife 
edges below the shaft axis and is restrained from rolling 
by the torque arm A. The spider which carries the pinions 
of the bevel gear train is restrained from turning about 
the shaft axis by a second torque arm 3,. 



The right-hand propeller P1 is keyed to shaft S1 
and the left-hand propeller P2 to shaft S2. Any de- 
sired spacing of the propellers is obtained by moving PI 
along its shaft. 

The right- and left-hand shafts are restrained from 
relative axial movement by thrust bearings, but the whole 
shaft assembly is free from longitudinal constraint. The 
total thrust is measured by a weighing device connected 
to a thrust bearing carried on shaft S1, 

The dynamometer is shielded by a sheet metal cover 
from wind forces other than those acting upon the propel- 
lers. 

For this arrangement it can be shown that 

and 

where QA is restraining torque acting through torque 
arm A. 

Qp 1 
, torque due to air forces acting on propeller 

p, 

B2 , torque due to air forces acting on propeller 
P2 * 

QF, torque required to turn shafts against a com- 
bination of frictional resistances in the 
dynamometer bearings. 

QB, restraining torque acting through torque arm 
B. 

From (1) and (2) 

and 



If the left-hand propeller, Pa , alone is on the 
shaft 

hence for this case 

Figure 2 shows the appearance of the forward end of 
the dynamometer. It may be seen that the model propellers 
are well forward, actually one and one-half diameters, of 
any considerable slipstream~obstruction. 

Model ~ro~e1lers.- The propellers used in these tests 
were zi 3-foot diameter metal models of standard U.S. Navy 
plan form and blade section. One was right-hand, 2-blade; 
another, left-hand, 2-blade; and the third, right-hand, 4- 
blade. Blades of all were adjustable in pitch. The geo- 
metrical pitch-diameter ratio, for a setting of 16.6' at 
0.75 R, was 0.7 from 0.6 R outward to the tip. It gradual- 
ly decreased from 0.6 R toward the hub to a value of 0.42 
at 0.15 R. The plan form, sections and pitch distribution 
were those of propeller E in reference 6. 

Tests.- Tests of the right- and left-hand 2-blade 
propellers and the 4-blade propeller were made at pitch 
settings for 0.75 R of 150, 250, 35O, and 45O. 

In the tests of single propellers the torque arm B 
fig. 1 and the pinions of the bevel gear train were re- 
moved. The two shafts were then locked together. The 
balance connected to torque arm A thus indicated the air- 
force torque on the propeller alone, the friction torque 
QF being eliminated. 

Tests of the tandem propellers were made with tho 
right-hand propeller in the forward position and set at 
pitch angles for 0.75 R of 1 5 O ,  2 5 O ,  35O, and 45O. The 
left-hand propeller was set at a pitch angle such that the 
two propellers absorbed equal power at maximum efficiency 
for the combination. The method of realizing this condi- 
tion isshown in figure 3. With the forward propeller set 
at 25' and the rear propeller set first at 25O and later 



at 24O the differences in power coefficients of the for- 
ward and rear propellers were determined and plotted as 
functions of V/nD. At V / ~ D  = 0.9, maximum efficiency of 
the 25' 2-blade propeller alone, the value of Cp (XB-LH) 
is seen to be -0.0023 for the 25O setting of the rear 
propeller and 0.0045 for the 24O setting. By interpola- 
tion the setting of the rear propeller that would give 
equal power at V / ~ D  = 0.9 was estimated to be 24,70, 

C~ (RE-LH) for the 24.7 sotting of the rear propeller is 
also shown in figure 3. It is seen to be zero at V / ~ D  = 
0.9. 

In the above test it was assumed that V / ~ D  for maxi- 
mum efficiency of the tandem combination would be the same 
as for a single propeller having a pitch setting equal to 
that of the forward propeller of the tandem pair. This 
assumption was later justified, (See fig. 18.) 

Three spacings of the tandem propellers were used; 
8-1/2 percent, 15 percent and 30 percent of propeller di- 
ameter, center to center of blade shanks. Originally it 
was planned that a closer spacing of 7'-1/2-~ercent diameter 
would be employed, but propeller hubs and necessary bear- 
ings between them Limited the minimum spacing to the 8-1[2- 
percent diameter used. 

For the tests of the tandem propellers it was necos- 
sary to determine the friction torque QF in ordor to 

moasure the 

inary tests 
of torque 1 

total wind force torque QPl + QPa.  Prelim- 

showed that friction torquo was independent 
oad in the form of a couple with its contcr at 

the shaft axis, but that it depended primarily on rota- 
tional speed and oil viscosity, which latter was a function 
of temperature. 

The tandem propeller tests therefore consisted of 
alternate runs of the left-hand rear alone and of the two 
propellers in tandem. From the observations of QA and 

Qg for the single propeller runs, Qs was computed by 
equation 5 and plotted against time, Values of Q for 
the intermediate runs with tandem propellers were thon 
taken from a fair curve'drawn through the plotted points. 
Uniform time intervals were used in corresponding opera- 
tions of consecutive obser~ations. 

Following the Stanford laboratory practice a constant 



angular velocity was used for each test. Variation in the 
parameter V / ~ D  was secured through change of the wind ve- 
locity. Because of limitations imposed by wind speed and 
by power and rotational speed available in the dynamametor, 
the rotational speeds employed were 2,000, 1,800, 1,500, 
and 1,100 revolutions per minute for the 15O, 250, 350, and 
45" pitch settings, respectively. Assuming that the full- 
scale propeller would be nine feet in diameter and would 
operate at 2,000 r.p.m., the Reynolds Number of the tests 
w a s  thus from 0.11 to 0.05 full scale. 

The observations of the tests were reduced to the 
usual coefficients 

where T is propeller thrust. 

P,  mass density of the air. 

, revolutions per unit time. 

D, propeller diameter. 

P, power absorbed. 

V, velocity. 

The propeller coefficients derived from the observa- 



tions of these tests are given in table I, For the tandem 
propellers, Cp and Cs are coefficients computed for 
the total power of the tandem pair as is Ct a coefficient 
computed for the total thrust. Cp (RH-LH) is the differ- 

ence between the power coefficients of the forward (right- 
hand) and rear (left-hand) propellers. The coefficients 
'Ct, Cp, and q are shown graphically as functions of 
V / ~ D  in figures 4 to 8. In addition, working charts for 
design selection of 2-blade, 4-blade, and tandem propellers 
are included in figures 9 to 11, The method of using these 
charts is described in reference 7, and a curve of C~ has 

been included for convenience in calculation of the thrust 
of automatic propellers at low air speeds. The final fig- 
ure 12 compares a selected tandem-propeller combination 
with the 4-blade propeller. 

From figures 4 and 5 it may be seen that the results 
of tests of the right-hand and left-hand 2-blade propellers 
at the same pitch settings are not identical. The right- 
hand propellers appear to absorb slightly smaller power and 
to have somewhat greater peak efficiency, particularly for 
the lower pitch settings. Micrometer measurements revealed 
that the right-hand blades were appreciably thinner than 
the left-hand, possibly enough to account for the difference 
in power coefficients found. The results for right-hand 
and left-hand propellers are, however, probably as nearly 
the same as could bc expected from blades produced by tho 
best commercial practice. For all practical purposes the 
right- and left-hand propellers may be regarded as identi- 
cal. 

To realize the condition of equal power at maximum 
efficiency in tandem propellers it was found in all cases 
except that of the 150 setting the rear propeller should 
be set at the smaller pitch angle. Eiffells tests (refer- 
ence 5) gave similar results. These present tests show 
that the difference in pitch setting required is a func- 
tion of pitch itself. For the 150 setting no difference 
was found, while for 25O, 350, and 45O, the differences 
were 0.30, 0.60, and 1.10, respectively. In some cases 
it was found impracticable to realize, exactly, the con- 
dition of equal power at maximum~efficiency. It was at- 
tained, however, within the limitations imposed by minimum 
observable change in blade angles, about 0,1°, and by 
probable error in difference of torque, about 0,02 lb. ft. 



The d a t a  of f i g u r e  8  show t h a t  t h e  s p a c i n g  of tandem 
p r o p e l l e r s  has l i t t l e  e f f e c t  upon t h e  c h a r a c t e r i s t i c s  of 
t h e  combinat ion .  With r e s p e c t  t o  e f f i c i e n c y  t h e  15-per- 
c e n t  d i a m e t e r  s p a c i n g  a p p e a r s  somewhat b e t t e r  t h a n  t h e  
c l o s e r  s p a c i n g  of 8 - 1 / 2 - ~ e r c e n t  d i a m e t e r .  The 30-percent  
s p a c i n g  i s  b u t  l i t t l e ,  i f  a n y ,  b e t t e r  than  1 5  p e r c e n t .  I t  
may be  n o t e d  t h a t  t h r u s t  developed and power absorbed  by 
t h e  tandem p r o p e l l e r s  i n c r e a s e  s l i g h t l y  w i t h  t h e  spac ing ,  
Th i s  may ba accounted  f o r  by t h o  i n c r c a s e  i n  p i t c h  s e t t i n g  
of t h e  r e a r  p r o p e l l e r  r e q u i r e d  t o  m a i n t a i n  t h e  c o n d i t i o n  
of c q u a l  power a t  maximum e f f i c i e n c y  as s p a c i n g  i s  in -  
c r o a s c d .  

E f f e c t s  of s p a c i n g ,  p r a c t i c a l l y  i d e n t i c a l  t o  t h e  
above,  were observed f o r  t h e  tandem p r o p e l l e r s  a t  350 
p i t c h  s e t t i n g  of t h e  fo rward  p r o p e l l e r .  S i n c e  t h e  15- 
p e r c e n t  d i a m e t e r  s p a c i n g  appeared  d e f i n i t e l y  b e t t e r  t h a n  
8-1/2 p e r c e n t  and not  a p p r e c i a b l y  worse t h a n  30 p e r c e n t  
f o r  t h o s e  two c a s e s ,  o n l y  tho  15-percen t  s p a c i n g  was in-  
v e s t i g a t e d  f o r  t h o  f o r w a r d  p r o p e l l e r  at 15O and 45O. 

One i n c i d o n t a l  e f f e c t  of c l o s e  s p a c i n g  mas observed. 
A t  8 - l j 2  p e r c e n t  tho  tandem p r o p e l l e r s  were e x t r e m e l y  
n o i s y ,  A t  1 5  p e r c e n t  t h e  sound was n o t i c e a b l y  more t h a n  
t h a t  produced by a 4-blade p r o p e l l e r  of t h e  same p i t c h ,  
w h i l e  a t  30 p e r c e n t  i t  was, t o  t h e  e a r ,  bu t  l i t t l e  l o u d e r  
t h a n  f o r  a 4-blade p r o p e l l e r ,  

For c o r r e s p o n d i n g  p i t c h  s e t t i n g s  of 2-blade p rope l -  
l e r s  and t h e  forward b l a d e s  of t h e  tandem p r o p e l l e r s ,  
(coillpare, f o r  examplo, f i g s ,  4  and 7 ,  and f i g s ,  9 and 11)  
tandem p r o p e l l e r s  a r e  g e n e r a l l y  l e s s  e f f i c i e n t  t h a n  2- 
b l a d e  p r o p e l l e r s .  The d i f f e r e n c e  i n  maximum e f f i c i e n c y  
v a r i e s  i n v e r s e l y  w i t h  t h e  p i t c h  s e t t i n g .  I t  i s  abou t  4 
p e r c e n t  a t  150 and 0.5 p e r c e n t  a t  350. For 450 t h e  tan-  
dom p r o p e l l e r s  appear  t o  have a maximum e f f i c i e n c y  abou t  
0.5 p e r c e n t  g r e a t e r  t h a n  t h e  2-blade.  I n  t h e  c l i m b i n g  
r a n g e ,  t a k e n  a r b i t r a r i l y  a t  0.75 V / ~ D  f o r  maximum e f f i -  
c i e n c y ,  t h e  tandem p r o p e l l e r s  show abou t  5 p e r c e n t  l e s s  
e f f i c i e n c y  t h a n  t h e  2-blade  p r o p e l l e r s  f o r  %he 150 s e t t i n g  
b u t  abou t  2 .5  p e r c e n t  g r e a t e r  e f f i c i e n c y  than  t h e  2-blade 
p r o p e l l e r s  f o r  t h e  450 s e t t i n g ,  

A t  maximum e f f i c i e n c y ,  t h e  power absorbed by t h e  t an -  
dem p r o p e l l e r s  i s  f rom 1 .87 t o  1.97 t i m e s  t h a t  a b s o r b e d  
by a 2-blade p r o p e l l e r .  I n  t h e  c l i m b i n g  r a n g e ,  t h e  r a g i o s  
a r e  from 1 .97 t o  2.09. I n  each  c a s e  t h e  s m a l l e r  r a t i o  ap-  
p l i e s  t o  t h e  lower s e t t i n g .  



Comparison of t h e  e f f i c i e n c y  c u r v e s  of t h e  tandem 
and 4-blade p r o p e l l e r s  ( f i g .  12) shows t h a t  under  p r a c t i -  
c a l l y  a l l  c o n d i t i o n s  of o p e r a t i o n  t h e  former a r e  somewhat 
more e f f i c i e n t ,  A t  maximum e f f i c i e n c y ,  t h e  d i f f e r e n c e  i n  
f a v o r  of t h e  t a n d e a  p r o p e l l e r s  i s  f rom 0.5 t o  1 ,5  p o r c e n t .  
I n  t h e  c l i m b i n g  c o n d i t i o n  i t  becomes 2 ,5  p o r c e n t  f o r  t h e  
45O p i t c h  s e t t i n g ,  

A t  maximum e f f i c i e n c y  t h e  tandem p r o p e l l e r s  absorb  
f rom 3 t o  5 p e r c e n t  more power t h a n  t h e  4-blade p r o p e l l e r s .  
I n  t h e  c l i m b i n g  c o n d i t i o n  t h e  d i f f e r e n c e  i s  from 4  t o  9 '  
p e r c e n t .  I n  b o t h  c a s e s  t h e  h i g h  p i t c h  p r o p e l l e r s  show t h e  
g r e a t e r  d i f f e r e n c e .  

The above comparisons of power and e f f i c i e n c y  a r e  
made a t  e q u a l  v a l u e s  of v / ~ D .  S i n c e  t h e  tandem p r o p e l -  
l e r s  a b s o r b  g r e a t e r  power t h a n  4 -b lade  p r o p e l l e r s  however,  
a more s i g n i f i c a n t  b a s i s  f o r  comparison of e f f i c i c n c y  i s  
a t  equa l  v a l u e s  of t h e  speed power c o e f f i c i e n t  C s .  F ig-  
u r e  13 shows t h e  e f f i c i e n c i e s  of t b o  45O 4-blade and 450- 
43.90 tandom p r o p e l l o r s  as f u n c t i o n s  of t h e  spood-powor 
c o e f f i c i e n t  C s .  I t  may be seen t h a t  f o r  a l l  v a l u e s  of 
C s  t h roughou t  t h e  working range  t h e  e f f i c i e n c y  of t h e  
tandem p r o p e l l e r s  i s  a p p r e c i a b l y  g r o a t e r .  The maximnm 
d i f f e r e n c e  i s  about  4 p e r c e n t .  The g a i n  i n  e f f i c i e n c y  f o r  
t h i s  caso  i s  t h e  l a r g o s t  f o u n d ,  For s m a l l e r  p i t c h  s e t t i n g s  
i t  becomes p r o g r e s s i v e l y  l e s s  and i s  n e g l i g i b l e ,  abou t  0.5 
p o r c e n t ,  a t  150.  

CONCLUS IONS . 

w 

Those t e s t s  have shown t h a t  i d o n t i c a l ,  c o u n t e r s o t a t -  
i n g ,  2 -b lade ,  c l o s e - s p a c e d ,  tandom p r o p c l l o r s ,  a d j u s t o d  i n  
p i t c h  t o  a b s o r b  e q u a l  power at  maximum e f f i c i e n c y ,  have 
f rom 0.5 p e r c e n t  t o  4 p e r c e n t  g r e a t e r  e f f i c i e n c y  than  that 
of 4-blade p r o p e l l e r s  of t h e  same b l a d e  form and des igned  
t o  a b s o r b  t h e  same t o t a l  power. 

Tandem p r o p e l l e r s  a r e  i n f e r i o r  i n  e f f i c i e n c y  t o  s i n g l e  
2-blade p r o p e l l c r s  f o r  p i t c h  s e t t i n g s  a t  0.75 R of l e s s  
t h a n  350. For  h i g h e r  p i t c h  s e t t i n g s ,  t h e  tandem p r o p e l l e r s  
have  a n  a p p r e c i a b l e  advan tage .  

Tandem p r o p e l l e r s  a b s o r b  f r o m  3 p e r c e n t  t o  9 p e r c e n t  
more power t h a n  4-blade p r o p e l l e r s  and about  t w i c e  t h e  
power o f  2-b lade  p r o p e l l c r s  o f  o q u a l  diamet  e r a  
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following pages. 

TABLE I 

PROPELL8R COEFFICIENTS 

A 
TABLE I - Continued 

Two-Blade Rlght-Hand Propeller 

15O a t  0.75 R 

Two-Blade Right-Band Propeller 

25O a t  0.75 R 

TABLE I - Continued TABLE I - Continued 

Two-Blade Ri~ht-Hand Propeller Two-Blade Right-Iiand Propeller 



TABLE I - Continued TABLE I - Continued B 

Two-Blade Left-Hand Propeller 

15O a t  0.75 R 

Two-Blade Left-Hand Propeller 

TABLE I - Continued 
TABLE I - Continued 

Two-Blade Left-Hand Propeller 

45O a t  0.75 R 
Two-Blade Lef t-Hand Propeller 
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TABLE I - Continued TARLE I - Continued C 

Four-Blade Propel ler  Four-Blade Propel ler  

Four-Blade Propel ler  Four-Blade Propel ler  

V/nD 

0.744 

.713 

.679 

.646 

.627 

.595 

.553 

.625 

.493 

.467 

.445 

.406 

.381 

.335 

.300 

.263 

C t 

0.0020 

.0137 

.0244 

.0353 

.0405 

.0494 

.0600 

.0680 

.0758 

.0825 

.0861 

.0958 

.lo04 

.lo86 1 
.I148 

.I206 

15- a t  0.75 R 

C~ 

0.0155 

.0220 

.0278 

.0334 

.0359 

.0403 

-0449 

.0480 

.0512 

.0535 

.0548 

.0576 

.0594 

.0610 

.0624 

.227 1 .I258 

I 
I 

r7 

0.095 

.445 

.597 

.684 

.708 

.730 

.741 

.743 

.731 

.720 

.698 

.677 

,646 

.596 

.552 

s 

1.713 

1.532 

1.391 

1.275 

1.221 

1.132 

1.029 

.964 

.893 

.a39 

.796 

.719 

.670 

.586 

.523 

3 3  .l753 .1411 

I '267 1 .I771 .I430 

TABLE I - 
i I 

.493 

.394 

Continued 

1 .406 

.331 

.523 1 -1633 j .I313 

4 5  1 7 3 6  1 .I341 
i 

.409 .I780 ! ,1368 
I 

V / m  

1.171 

1.128 

1.078 

1.046 

.998 

.960 

.906 

.883 

.853 

.823 

.786 

.735 

.687 

TABLE I - Continued 

.0632 

.0634 

.785 

.695 

.609 

25O a t  0.75 R 

C~ 

0.0327 

.0458 

.0594 

.0685 

.07d5 

1 .0864 

.0936 

.0979 

.lo38 

.lo84 

.I130 

.I174 

.I226 

.I265 

Ct 

0.0062 

.0209 

.0381 

.0488 

.0613 

.0719 

.0824 

.0888 

.0978 

.lo41 

.I126 

.I221 

.I331 

.457 

,394 / I 
.650 

.603 

.532 

.583 1 .I545 1 .I300 
I 

.640 1 .1429 

C~ 

2.320 

2.090 

1.897 

1.788 

1.661 

11 

0.222 

.515 

.692 

.745 

.779 

.877 .693 

1.567 .799 

1.455 

1.405 

1.342 

1.283 

1.216 

1.128 

1.045 

.968 

.801 

.803 

.79L 

.783 

.765 

.748 

.722 
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Tandem Propellers 
TABLE I - Continued 

Right-Hand (Forward) 15O a t  0.75 R Right-Iiand [Forward) 25O a t  0.75 R 
Left-Hand (Rear) 15O a t  0.75 R Left-Hand (Rear) 24.7O a t  0.75 R 

15 Percent Diameter Spacing 

V/m C t  c P C~(RH-LH) , cS 
I 

0.749 0.0023 0.0166 0.0009 1.700 

15 Percent Diameter Spacing 

TABLE 1 - Continued TARLE I - Continued 

Tandm Propellers Tandem Propel lers  

Right-Hand (Forward) 35O a t  0.75 R 
Left-Hand (Rear) 34.4Oat0.75R 

Lameter Spacing 15 

t 

0.0385 

.0576 

.0728 

.0837 

.lo03 

.I161 

.I297 

.I447 

.I606 

-1718 

-1851 

.I925 

.I975 

.I988 

.2016 

,2056 

.el12 

.2196 

Right-Hand 
Lef t-Hand 

Percent 

C~ - 
0.1019 

.I238 

.I405 

.I530 

.I710 

.I870 

.I986 

.2110 

.2220 

.2310 

.2386 

.2476 

.2554 

.2570 

.2590 

.2635 

.2705 

.2840 

(Forvrard) 
(Rear) 

ameter Spacing 

Cp(RH-LH) Cs 
- 

0.0123 3.100 

.0099 2.E92 

.0068 2.730 

.0048 2.582 

.0014 2.447 

.0009 2.327 

-.0014 2.102 

-.0021 2.072 

-.0023 1.954 
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Table 1. 
Oonoluded. 

Figure a 
TABLE I - Continued E 

Figure 2.- Forward end of  propeller dynamometer with tandem 
propellers at 15 percent diameter spacing. 

Tandem Propellers Tandem Propellers 

Right-Hand (Forward) 25O a t  0.15 R Right-Rand (Forward) 25O a t  0.75 R 
Left-Hand (Rear) 24.5O a t  0.75 R Left-Hand (Rear) 24.8O a t  0.75 R 

30 Percent Diameter Spacing 

r] 

0.211 

.546 

.698 

.762 

.803 

.@08 

.799 

.7E4 

.760 

.737 

.697 

-646 

Diameter 

c P (RH-LH) 

0.0058 

.OM9 

.0038 

-0023 

.0010 

.GO04 

-.0001 

-.0007 

-.0013 

-.0020 

-.0031 

-.0039 

-.0043 

-.0060 

-.OOEO 

Percent 

cp 

0.0307 

.0475 

.0605 

.0742 

.0870 

.0970 

.lo70 

.I159 

.I238 

.I306 

.I360 

.la00 

.I410 

.I469 

.I535 

8-1/2 Spacing 

cS 

2.363 

2.072 

1.891 

1.733 

1.581 

1.465 

1.343 

1.216 

1.107 

1.001 

.E92 

-772 

-664 

.517 

-3.6 

V/"D 

1.177 

1.127 

1.080 

1.029 

.970 

.918 

.858 

.790 

.72E 

.666 

.598 

.521 

,449 

1 

I 
I 

C t  

0.0055 

.0230 

.0391 

.0549 

.0720 

.0854 

.0807 

.I151 

.I295 

.I445 

.1585 

.I735 

.I852 -589 I I 
-470 

-319 / 
I 
i 
I 

V/m Ct 

1.140 .0234 .0474 

1.096 .0385 .0602 

1.045 .0551 .0744 

.990 .0695 .0858 

.944 .0811 .0941 0 

.352 

.245 

.756 

.704 

.655 

.607 

.540 

.469 

-415 

.346 

.240 

.I961 

.2000 

.1290 

.1406 

.I511 

( .I626 / .I390 

.I755 .l416 

-1.71 .id45 -.OO5P I -691 ; -607 

1939 1 1493 1 -.0070 ,607 ' .539 
I 

.I970 .I544 -.0OS8 .503 1 .441 

.I976 .I595 -.0120 .346 .297 

.I253 

.1302 

.I347 

-.0026 / .901 

-.0035 / .798 

.710 

.669 

-.OG14 

-.0016 

l.lA5 / .778 

1.060 

-.0018 1 .978 

.760 

.734 
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N .A. C.A. Fig.  4 

F i gure 



N.A.C.A. Fig. 5 

Figure 5. - Power, thrust, and efficiency. Two blade lef t -hand propeller. 



Fig.  6 

Figure 6.-  Power,  thrust,and efficiency. Fou.rblade right-hand propeller. 



F i gur 

.A .  F 

6 
V/nD 

,e 7.- Power, thrust,and efficiency. Two blade tandemR.H. (fo 
and L.H. (rear) propellers with 15% diameter spacing. 
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.- Power, tnrust, and efficiency. Two-blade tendem R.H.  (front) and L.H. (rear) propellers with a 
angle and w r i o u  axial spaainge. 



B.A.O.P. Fig. 9 

Figure 9.- Worlcing chart. ho blade right-hand propeller 



N.A.C.A.  Fig. 10 

Figure 10.- Working chart. Four blade right-band propellel.  





Fig. 
1
2
 




