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HATIOHAL   ADVISORT   COMMITTEE   FOR   AERONAUTICS 

ADVAKCE  KSSffBXOSlO REPORT 

THE  2IIft.KAÜT3KISTiCS   OF  TWO KGDEL  SIX-5LMJE 

COUSTEP-EOTATIITa  PUSH2R   PROF3LLERS   03?   COMVENTIONAL 

AND   IMPROVED  AU03YUMI0   DESIC-N 

3y ..'amea G. McHuch and Edward Popper 
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SUMMARY 

amis characteristics of models of two 
3 ir--blade propeli.?ts are compered from 
e3ts sad« in ihe NAUA 19-foot precoura 
t'io propellers, which is representative 
Ml on military and commercial airplanos, 

d Clark ? airfoil sections in blades of 
and plan form dictated largely from con- 
truutural rsliabtlity.  The. other pro- 
KAOA lS-serieB sections in blades of 
and p\An form dictated largely from eon- 
ininum aerodynamic losses. 
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The selection of propellers that meet the operating 
requirement a of modern airplanes involves numerous prob- 
lems.  The propeller must develop suitable take-off char- 
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acteriotles at aea level and must also efficiently absorb 
the power output cf tho engine at high forward speeds in 
rarefied air at hit;h  altitudes.  Such operating require- 
ments iii-Xc it difficult to avoid largo rotational • nd 
compress ! bll ity looses of the propeller«. 

previouo InveBtlgationi. show that the rotational 
lo^3C8 of high—pi toll ijropellers m^y be anteriilly rod-ccsl, 
if not wholly .eliminated, by tho use of counterrot-'.t ir.g 
propellers^  Tho a lv:.nt:igos of such propeller irran;;oi.ionta 
aro liscunrcd la roforenoon 1 r:nd 2. 
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criticil speed of 
sec tl or..- des i »-ned 
(See ref erenee 3.) 

rd speeds a large portion of the pro- 
tes at liigh values of Mach number.  If 
operate at rosultsnt velocities at 

iisal speed, th? Si^g losses may be 
he resultant, velocities et whluh the 
rate may, to ao.ie extent, be controlled 
l-.lon below r.ritical speeds through suit- 
n the selection of the rotation-il speed« 
the so'.idity of tha propeller.  A further 
ou cf the prot'lem la tu increase the 
the propeller by incorporating binde 
to dulay the cempressibillty burble. 

It is of general interest,therefore, that comparative 
data b? obtained, rererdlng the characteristics of vnrlous 
arrangements of counterrotatlng propellers.  This paper 
presents the results of a coap&rison of two arrangements 
of models of slx-blede counterrctatirg pusher propellers, 
one of a conventional design that embodies modified Clsrk 
T airfoil sections (reference 4) and tha other of a oosign 
that produces minimum induced losses and embodies WAC 
16-jtries airfoil sections that delay the compressibility 
burble. 

The two arrangement a of models of six-blade eour.ter- 
rotating pusher propellers were investigated at blade 
angles of approximately 20°, 30°, 43°, 45°, 50°, 65°, 
and 60° at 0.75 of the tip radius.  The tests were con- 
ducted at airspeed?, the* ranged from 60 to 150 miles per 
hour.  The results are not, therefore, Indicative of the 
compressibility effects that may be expected from full- 
scale propellers operating at high forward speeds. 41 

APPARATUS AFD N'TEODS 

The investigation was conducted at atmospheric 
pressure in the SACA 19-foot pressure tunnel.  Seal* models 
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of two rrrangements of connterrotating propellers were 
tented   1 M   jropellers dii'ieritt in section ihape, plan 
forn., thJct.iess ratio, and p? tch dl str i out ion. 

One propeller of conventional design, hereinafter 
referred to as propeller 512, is similar to the full- 
scale CurtJss propeller £12 nnd embodies modified Clsrk 
T :.irfoil sections.  3oth the forward and the rear pro- 
peller of the couuterrotatlog pair vere 45 inches in 
di.' T.'-tji • 

The other propeller, hereinafter referred to as pro- 
peller <"--Z03-045, embodies SACA 16-series airfoil sections. 
Its Berody.viric design if bised on Goldstein's modification 
of the vertex theoiy of propellers (reference 5) and the 
plan form was itado to oosfotfa to the condition of optiisuo 
blade lording, that is, minimum induced los'SsB, for a 
• iiifcle-j'otaiing pi-opeiirr of pi tch-dianeter retio of 2.17. 

Neither propeller v;as siecifieally designed for counter- 
rotating operation.  Figure 1 shows, for both propellers, 
the t>3«do-form eurvi ? ana the geo?ietr Ic-riilch distribution 
for sevral blade-fir. gle settings.  JL photograph showin» 
the plar forrs is given üS fi$>üro 2. 

The propellers were tested on a act.le   model of an 
airplane equipped for countarr o'jating pusher propeller«. 
Figures 3 and 4 shew the propellers assembled on the model. 
The general dimensions of tne propeller test arrangemant 
are snoun in figure 5.  The attitude of the model vae ad- 
Justed to make the thrust line horizontal and, In this 
position, the lift coefficient was approximately equal 
to zero. 
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propeller of the counterrotating pair '"us   driven 
vidual water-cooled, aiternaIing-current induction 
d 50 horsepower at 3500 rpn.  The two motors 
ndeo with one motor driving through the hollow 
he other motor.  Currant was supplied tc the 
a   variable-frequency alternator and the speed 
lied by varirtion of the frequency.  '.nth this 
it the power delivered to each propellar was 
from a calibration involving motor torqus, 

evolution, Mid active current. 41 
The blade ans-ljs of the propeller were sot on a 

propeller tsble with teirplets accurately fitted for each 
D-lada.  The protractor accuracy is within 3=0.1°. 
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Typical teat results are presented in figure 6 and 
it is bellaved that the eccuracy of the faired curves as 
indicated by the scatter cf the test points is within 
three-four'.hs of 1 percent throughout the greater pert 
of the tust ranee. 
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SriiBOLS AHD COSTTICISETS 

The symbols and coefficients used in the report are 
defined M i'ollcws: 

'T- AD', 

^pn3D* 

/T - AD . 
Cm   thrust coefficient (—„-— ) 

T    total thrust of propellers (compression in 
propeller shafts) 

4 
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Hl 

&D   change in body drag duo to action of propellers 

p    mass density of air 

n    rotational speed of rear proptller 

(dlatr., frcnt prop.) • (diam. rear prop.) 

a 

Cp   total-power coefficient f Cp• + Op J 

Cp   power coefficient of front propeller 

Cp   power coefficient of rerr propeller 

P_   power supplied to front propeller 

Fa   power supplied to rear propeller 

F„ = P_ + P_ 

( *T.A 
WD»; ^pnJD! 

(JbL.) 
^pnaD' 

pulsiva efficiency (,      —  ) 
*     Pm 

pro 

velocity of the air stream 

V/nD ndvance-diareter ratio 

Ca   speei-powär coefficient ( '/K ) 
Mach number 

vel 

Is propeller   blade  an 

RESULTS 

The efficiency cur 
presented in figure 8 f 

\y *T»Z j 

ltnnt tip speed^ 

Deity of sound ' 
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investigated.  Figure« 9 and 10 show the thrust and the 
total-power coefficient».  She individual power coeffi- 
cients are given In figure 11.  A design chart showing 
the variation of propulsive efficiency and  V/nO  with 
the spaed-power coefficient is presented In figure IS. 

The efficiency, thrust, and total-power coefficients 
of propeller 613 are presented in figures 13, 14, and 15, 
respectively.  The individual power curves and the 
design chart for this propeller are shown In figures 16 
and 17, respectively. 

Li 
output 
lmpossl 
of the 
compari 
to the 
peak ef 
however 
sented 
power, 

ml tat 
of th 
ble t 
props 
sons 
range 
ficfe 

to 
by da 
and e 

ions 
e mot 
o inv 
Hers 
of th 
of o 

ncy 
exist 
shed 
ffici 

of the ml 
ors that 
est igate 
opernt in 

ese resul 
perating 
The gone 
In the 1 

lines in 
ency. 

niaun speed and of 
drove the propelle 
thoroughly the cha 
g in a low V/nD 
ts oust be limited 
conditions in the 
ral trends that ar 
ov ranee of V/nD 
the faired curves 

the power 
rs made It 
racteristlcs 
range.  All 

therefore, 
vicinity of 
e believed, 
are repro- 

of thrust, 

The efficiency envelopes of propeller 4-308-045 and 
propeller SIS are compared in figure 18.  The efficiency 
of propeller 4-308-045 is higher than the efficiency of 
propeller 513 by an amount that varies from one-half of 
1 percent at a  V/nD  of 1.5 to 4 percent at a  V/n3  of 
3.4.  The differences in propulsive efficiency increase 
proportionsely with blade-angle setting until the region 
of maximum efficiency is reached.  Beyond that region the 
difference in efficiencies throughout the rest of the 
V/nD  range is »pjroxiEately constant.  With regard to 
the values of efficiency obtained with propeller 513, 
attention is called to the results of reference 6, which 
show, from low-bpeed tests of full-scale single-rotating 
tractor propellers of approximately the same general 
blade form as propeller 513, that the addition of suitable 
shank fairings to such propellers yields a gain in pro- 
pulsive efficiency of spproxirr'itely 2 percent at  g = 45° 
and approximately 6 percent p.t  p > 60°.  Cn the basis 
of the results of reference 6 it would appear that the 
addition of suitable shank fairings to propeller 513 
might have resulted, therefore, in an Increase in its 
propulsive efficiency. 

The effect of the blade-shank shape and the low drag 
•actions of propeller 4-308-045 may be seen by a comparison 
of the efficiency curves of the two propellers (fig. 19). 
The extended crest in the efficiency curves for propeller 
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4-308-046 «hows lover drag shank and blade sections.  A 
greater difference In the efficiency envelopes and curve 
forma would probably occur at higher reaultant velocities. 
Owing to the high critical speed of the HACA 16-series 
sections, the advantages of propellers embodying these 
sections would probably be more pronounced at values of 
Mach numbers greater than 0.75.  In this series of teats 
the maximum value of  M attained with propeller 4-308-045 
was 0.58 and the maximum  M attained with propeller 512 
was 0.688.  Greater differences in the efficiencies of 
the two propellers would be expected at full-aäala high- 
speed operation. 

In a comparison of the characteristics of propeller 
4-308-045 and propeller 612, thrust and power absorption 
are important.  These factors depend to a great extent 
upon plan form, pitch distribution, thickness ratio, dia- 
nater, and propeller-blade sections.  Any interpretation 
Of results must, therefore, take into consideration the 
fact that the propellers oorpa red differed in these 
respects. 
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CONCLUSIONS 

he low values of airspeed at which this investlga- 
conducted, the maximum values of propulsive effi- 
tained with propeller 4-308-045 were greater than 
ained with propeller 51P by an amount that varied 
half of 1 percent at a 7/nD of 1.5 to 4 percent 
nD  of 3.4.  The greater efficiency of prooeller 
is attributed to the fact the.t it is designed 

e minimum aerodynemic losses, whereas the design 
lfr 512 was dictated largely from considerations 
ural reliability. 

Propeller 4-308-045, because of greater blade area, 
absorbs more power than propeller 512. 

Langley Memorial Aeronautical Laboratory, 
Rational Advisory Committee for Aeronautics 

Langley Field, Va. 
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Figure 3.-  Assembly of propeller 512 on model. 

Figure 4.-   Assembly of propeller 4-308-045 on model. 
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