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STArn C- THRUSrr AND TORQUE CHARACTERISTICS OF 

SI Nr,lLF - AND DUAL- ROTATING TRACTOR PROPELLERS 

By Jean Gilman, Jr . 

SmJl.MARY 

A p r og ram of outdoor t es ts was c arri e d ou t to 
d e t e r-mine t he s t ati c - thrust an d torqu·e characte'I'istics 
of s i ngl e·· and \,l~ Rl-rotat :rn s p r ope lle rs for u se in air­
craft p r ope lle r rc'Js 1.F;n and in t a ke - off performance esti­
mation. ' rrhE. p r 0(7' l l e r s used for the tests were 10 f eet 
in di ame ter ~; _ : .- .. I~ r':! made up of blades of Ham1 1ton 
Standa r d desi ;:-r1 , c': r· mvl.ng numb e rs 3155-6 and 3155-6-1.5. 
The ch arac teristics ,were investigated over a c onsid.erable 
r ang e of s olIdit y for both sing le - and dual-rotating p ro­
pe llers . 31ede - ang le setti ng s r .anged from 100 to 40 ') 
i n 5° in c r ernAnt s. 

The p l'o!)e lle r characteri s"t :i c s are pres ented as func­
t i on s of the b lade - ang l e sett i ng at t he t h r ee -q11a rt e rs 
r adi us and, fo r some comp arisons , a s a f unc t ion of t h e 
p owe r c oe f ficient . Desi gn charts , sh owing the variat ion 
of t hrus t vii t.h t o t a l activity f actor are included. 

' Dual- l' o t8ti n€~ Drop e lle rs showed substanti ally hi gher 
st a tic-th r u s t and p ower absorp t ion than the corre sponding 
sing le-rot ating pr opellers . At equal power absorp tion 
t he stat i c thrus t of the six- blade dual-ro tating p ropeller 
wa s appr oxltr'8. t. ~ ly equal t o t hat of' the ei ght-bl ade single­
rot a t i n g p r op e l ler, b oth with st andard-width b lades. A 
wide-blade Sin g l e -ro t a t i ng p r op e lle r p r oduce d a slightly 
h igh e r stat 1. c thr u st than d id the p r op e lle r of' e qual 
s o l i d i t y wi th st andard-width blades. Fai r e d data from 
the e xtrapolati. o~ of vJind-tunne l . t e st c urves to zero 
'lInD were f ou nd to b e ge n e rally cons i stent and of suf­
f i c ient ac cnr 9c y f or use in mo st p rel iminary p rop e ller 
calculat i on s. 
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INTRODUC TION 

The static-thrust and torque characteristics of 
aircraft prope llers are often required in take-off 
calculations and p ropeller s election . Since only a 
limited amount of stat i c-test data is available (refer­
ence 1), the data are usually obtained by the ext rapola­
tion of wind~tunnel test curves to zero advance-diameter 
ratio . Dat e. obtained by this method , while generally 
satisfactory , have sometimes led to conflicting conclusions 
mainly bec ause of the spar sity of dat~ at low airspeeds. 

In order t o obtain true static condition and to 
avoid the undesirable features of indoor testing, a 
balance rig was constructed to permit outdoor testing. 
The iden t ic a l prope lle r-nacel l e combination used in 
references 2 and 3 was used in the outdoor tests a t 
the NACA pro pe ller-re's earch tunnel to expand the scope 
of avai l able information and to pe rmit the direct com­
parison of the actua l static - test results with those 
ext rapo l ated from wi nd-tunne l tests. 

The progr~~ c ove red tests of two-, t hree- , four-, 
six-, and eight - blade single - rotating and four-, six-, 
and eight - blade dual -rotating prope llers of s,tandard­
blade width. In addi tion, three- and four-blade sing le­
rotating and s:! ~\.- and e ight-blade dual .. rotating pro­
pel l ers of 50 percent increase in thickne ss and blade 
widt h were i ncluded . The blade-angle range was from 10 0 

to 40 0
• 

METHODS AND APFARATUS 

A general idea of the test setup is gi ven by fi g ­
ure 1. By f o1.lowing through the 11nkages indicated in 
figure 2 , it nay be seen that the balance reading dif­
ference was pro~o rtional to the thrust by a ratio of 
the moment arms aC/bd . The thrust measured in this way 
included a negative compone nt due to the drag of the 
nacell e body and supports in ' the propel l er slipstream. 
Calcul ation s based on test data of r efe r enc e 2 from 
wind- tunnel d rag runs of the nacelle body a lone indicated 
that thi s drag was 1: 2 pe rcent of the measured thrust. 
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The engj ne-naqelle body and propellers were those 
used in the pre viously mentio.ned wi.nd-tunnel tests. 
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(Se'3 references '2 and 3.) The motor arrangement and the 
sprjng- selsyn dynamcme ter used to. measure the torque are 
described in r~feren c e 2. Dimensional d e tails of the 
nace l le f rom r efe rence 2 are rep rcduced in figure 3 . 
The prope+ l e r s were of lO-foct diameter , Eaniltcn 
Standard desigh wi th drawing number~ 3155-6 fcr the 
right hand and 3156-6 for the left-hand blades and wi th 
Clark Y sections throughout. Also included we re p ro­
pellers of the same diameter, blade sections, p itch dis ­
tribution, and thickness ratio , bu,t wi th blades 50 pe r­
cent wider and thlcker . These will hereafter be referred 
to as i'wide b lade s, II and the drawing ,numbers are modified 
to 3155-6 - 1 . 5 and 3156- 6 - 1 . 5. Blade-form curves for 
both startdard - wid th and wide blade s a re given in figure 4 . 

Check tests, with and wi thout sp inners, showed a 
negligible d ifference in the p r opeller characteristics 
for the st8.tic condi, tion. A cons i derable sav ing of time 
in changing blade ang le s was effected i n these t es ts by 
omitting the spinne r surface. 

Two-, three -, and four-blad e s ingle-ro tating p r o ­
pellers we r e tested with the blades in the rear hub. 
The six- aI1d eight-blade sing l e - and d ual - rotating 
propel l ers were made up on two hubs in tandem , each hub 
hav lng an equal number ef bl ades . The hub spacing was 
10 inches fo r beth single and dual r etation . 

The pesi tion e f the shaft sp lines prevented equi­
angular spac j ng e f t he blades for the six- and eight­
blade single - ret a ting p ro pe llers. The front blades led 
the r ear blades by 75 0. f o r the six- blade p r ope ller and 
52 . So fer the e i ght - b lade propeller . Sesults of r efer­
ence 4 indi cate that this unequal spacing would not 
affect the r e eults. 

The dual-rotating runs were m~de at equal front 
and r ear p r e:;.,)e l ler ro ta t ienal speeds with the blades ef 
the frent component set in equal increments of 5° e ach 
but wi t h the r ear c ompen en t adjusted to a slightly smaller 
angle . The diffe r ential se t ting s , which are those gi ving 
approxi mately e qua l frent and r e ar torque at peak efficiency, 
are given in fi g'l': re 5.' Thea e set tings '.ve re used b e c ause 
normally the fl i~ht e fficiency ef the prepe ller i s ef 
primary importance and also because the static tests are 
to. supp lement pre vi ously published 'IfI,rind - tunnel dat a . 
(See referen c es 2 and 3 .) 
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nlade angles iIlere varied from 10° to hoe in 5° 
increments, with the exception that dua l- rotating gro­
pellers with wide blades we r e not te s ted beyond 35 
beca1.1..se the lO - lnch hub spac ing did not permi t pas sage 
of the blades at higher settings. 

At each blade-sPotting, several reudlngs of thrust 
and torqu8 '.'{e 1'e made over a sma.ll range of rpm. The · 
test points thus obtained were plotted agai nst. rpm 
as shovm in f-Lgure 6, falred, and. the fair(~ d value was 
corrected f(".:r ",·::Lnd ve loci ty. 

The 1 0': ~owe r of the electric propeller- drive 
motors (bNO 25 -tJ.Orf;epower tnduct.ion motors) prevented 
any sensible OC Gurrence of ~ompressibtlity effects . 
The highest robli;ional s pe ed (55(' rpm. at low blade 
angles only) resulted in a maxi~u~ attainable ratio 
of t ip spceti to the velocl ty of' sound of 0 . 23. 

~ehe Rej'c01d.s !llmbe r vari e d. depending on the blade 
width and on t~e rotational s p e e d obtainable . aased on 
the chord at ~ . 75 R, it was of the order of 900 ,000 for 
the standard-wi c1th blades. 

Tests 'Nsre made outdoo rs . sufficient ly far away fr'om 
buj.l dings or other obstructions that might have affected 
the flow. 'I'~'le J. i?'1i ting wind ve loci ty beyond which test ­
ing was no t ~ons ~ as t aken as 5 miles pe r hour , plus or 
minus (p lus or ~irtus in the sense that B small positive 
or negative 'l/nD would result ) . Reading s of wind 
veloci ty t aken before and nfter each run on ·9, vane - type 
anemometer were ave r age d in ~aki ng the s~all correc ­
tions to tr~E: obse rved results . 're sting in cross winds 
was avoided . 

The accuracy of static - thrust t e st s conducted 
outdoors "Ls lower than the wind- tunnel tests , partly 
because at th8 hl ghe r blade angl es any wind ve l ocity 
would have the effect of stalling or unstalling a por­
tion of the blades, depending on its 111e.gnltude and 
direction re lati ve to the normal induced inflow veloci ty. 
This fact would ma.ke any me thod of correct ion to actual 
static con~ltions l ess reliable , and is a source of 
possible erro r not present in wind- tunne~ tests . 



RESULTS AND DISOUSSION 

'1'he re s tl.lts are reduced. to dimensionless coeffi­
ci ents 8S f o llows: 

CT = Te 
pn2 DL I. 

Op 
2rrn Q p 

= ~3D5 = 
pn3D5 

2rrn Q,F 
On = 

L F' pn3D~J 

OF 
2rm . (~R 

.-
R pn3D5 

R refer to front and 
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Op , Op 
F R 

subscri pts F and 
re a r components of dual-ratatlng propellers 

statJ.c-thrust figure of me rl t 

advance-diameter ratio 

standa rd NAC'A symbols are used ; 

T tension in propeller shaft, pounds 

~D additional d rag of nacelle and struts caused by 
propeJ.ler slipstream, pounds 

Te = T - ~D ef£'ecti ve thrust , pound.s 

p power absorbed by propeller , foot - pounds per second 

~ propeller torque , pound-feet 

n propeller rotational speed , re volutions per second 

D prop el1e l' di ameter , feet 
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p mass density of air, slugs pe r cubic foot 

R propeller radius , feet 

~blade angle at 0.75R, degrees 

'The r esults are presented in plots showing the 
prope ller characteristics as a function of the blade­
angle setti11.[ at the O. 75R. , Comparisons ar'e made on 
the basis of both blade· .. angle setting and power coeffi ­
cient . Table I is a c omp l e te li s t of the figures giving 
these results. 

The basic static characteristics are presented in 
figures 7 through 18 , whi,ch are p lots of CT , CF ' and 

the ratio of CT/C p against blade angle. 'Ihe scattering 
of the points , wh.Lch are sh ovvn on the CT and Cf curves, 
is usually l ess than 2 percent at blade angles less 
than 20° , hbove 2Co the displ.3rr3al is as mu,ch as 5 percent, 
which may be attri~lted to the previously ~ited wind 
effect. 

The stat."!. c - thrust figure of meri t, CT/Cp , is of 
practical utility in that it can be used to find the 
static thrust if the propel l er diameter , 811.£ine power , 
and rpm arE.: };:nown because , 

This is a convenient form for dealing with controllable­
pitch propelle rs where n i s substantially constant. 
The effect of differences of propeller -body combination 
on 6D, however, should be taken into ac~ou.nt. 

Figures 19 and 20 show the var:i.ation of' powe r 
absorption vd th blade angle of the front and rear c om­
ponents of the six-blade dual -rot ating propellers. Four­
and eight-blade propeller re'sults were similar. The coef­
ficients for the front and rear cO!'l1ponents could have 
been made equal by setting the blades for equal powe r 
absorption at the static -th rust condition instead of at 
maximum efficiency. Reference 5 (fig. 36) indi cates 
that negligible inc r ease in static thrust would. result. 
It should be remarked that the data from which figures 19 
and 20 were prepared were not corrected for wind velocity 
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since this correction i.s very small. The sum of . OPF 

and CPR t h e1 efol'e w:Ul not necessarily be equal to Cp. 

Compos 1 ·i.; es of th~ characteristic curves are pre­
~'l8n ted in f~ .. gure ::l 21 and 22 . . I t is to be expec ted that 
the thrust or power absorption of propellers would not 
vary dir e c tly with solidi ty or activity factor b e caus e 
of blade in tE\pfer ence, and the se curve f1 are of par t i cular 
interest i n c onnection with thi s · point b e caus e of the wi de 
va.ria.tion of soIJd:i.. ty. The fact that the s olidity \Vas 
varied in t1vO ¢Li.ffcrent 1'rays l .s of further interes t, as 
will b e moy· e f ully i 1111S Yrated . 

P l gura :21(a} preserits curves of CT ' as a funct i on' . 
. o f b lade angle fo:!.' the s tandapd -1·,:Ldth prope llers . These 
c,urve s ,shovT the gain in s ta t i c thrus t r e sulting from 
increasing the number ,of blades . Increasing the number 
of blades a'l s o' t ends to delay the s talI. Dual ro ta tion 
increases' th() t l-" "'u s t ana. gi V (~ t1 a l e ss s evere stall ' than 
the sl.ngle -ro J.;[~ .. ;:; :!.ni=::; pr opellFL' o f . corre spondl.ng solidi ty. 
The 'curves of err versus blade angle for the wide-blade 
prope.J.ler.$ a.re shOlm j.n f t gure ~~ l (b). No s taIling was 
apparent fOl' the s :i.x " ana. eight·-blade dual .. rotat.ing 
pr-ope l1er3 in t.he range of blade angles tested. 

Figur e s ~?? (a.) and (b) are composites of the pOl.rer­
coefficient curves, whi ch show how t he power absorption 
increases with increasing number of b lades. The greater 
power absorpt :5 on of the dual-rota ting pl~opellers J as com­
pared to thc t o f the corresponding single-rotati ng pro­
pellers, is Ewident . The four-blade single -rotating pro­
pellers, b o t h v11th standard··,vldth and ,vide bIe.des, ShO'\o1 
a lessening of the rate of increase of powe r absorpt i on 
starti n g b e ti·reen :250 and 30 0 

J which may be the effect of 
blade interfGr ence. It would appear from this reasoning 
tha t the adc,1::' -clon of more blades vTOuld acc en tua te this 
effect, but the p ower-coefficient curve s of the . six- and 
e i ght-bla de s i l").gJ.e-rota tlng propellers do not show the 
effect to t he 6sme degree as the power-coeffic i ent curve 
of the four ·--b lade · propeller. Both the six - and eight­
blade propellers were tandem arrangements, however, 
which may have reduced the effect of bla.de interference 
a t zero V frill . 
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In figure 23 a comparison is made of two single-
rota t i ng propellers of equal aolidt ty ... but 'fi th one 
lwopeller having four wj.de and. the other having sj.x 
s tandard-ltTldth blades. Over the lower part of the 
blade-angle I'ange, the pO;'Ter absorption of the '\vide-
blade prope ller is s lightly l ess , but it . becomes 
slightly greater at the higher blade angles. The 
static t.hrus t of the four-blade propeller, hm-Tever J is 
slightly higher t hroughout most of the blade-angle range, 
Some of the differences noted above could be ascribed 
to Reynolds number effect, since both propellers ,.,ere 
run at approx:1.l11a teJ,y equal ro ta tional speeds at equal 
blade angles . I t ts also pos sible that some of the 
differences '-Tere caused by the higher local inflow 
veloci t y of the '-Tide-blade propeller ,·,hieh iyould reduce 
the blade element angles of a.ttack and so delay the stall. 
A more prac;ti. ca l comparison of these tuo propellers is 
gi ven i n fig11re ~ !4 where CT/C p .is plotted as a func tion 

of Cpo r:eh~:' h lvhsr sta.tic thl"ust of the wide-blade 
propeller' OVer most of the ra.nge tested is thus shown • 

. A comparison of Crr/Cp of the eight-blade single­
rotating ifith the s i x-blade duaJ.-rotating propeller at 
equal power a bsorpti on, both propellers having standard­
width blades, is given 1n figur e 25. 'l'hese curves i ndi­
cate that thf:" six-blade dual-rotating p:popeller pr'oduces 
more t hrus t at the higher povTer coeffi c ients than does 
the e:Lght-bIa.de .:lingle-rotating propeller, in spite of 
the difference in solidity. 

The ·variat i on of CT wi t h total activity factor 

at several values of Cp is given in f .igure 26. Fig­
ure 26 (a) ShOi'~ S thn. t the s :t.. ngle -r'o ta ting '-Tide -blade 
propellers pr()d1.1oec! a higher thY'us t fOl~ a given power 
than the corresponding propellers of standard-vTidth 
blades. I t appears from fi gure 26 (b), however, that 
the diffor ence betvreen dual-rotati.ng propellers of 
Wide or s tandal"C.1.-'I'" .d th blades is not s o pronOl .. U1ced as 
in the single-l"otatlng case . 'rho curves of dual­
rotat i n g propellers having wide and ~tandard-width 
blades are p1"'ao tically continuous up t 'o a pover coef­
f i cient of about 0 .6. As a first 8DDroximation the 
thrus t coefficient is the SD.me for e1 thel' propeller 
at a given to~\l activity factor . 

! 
--~----------- ,~ 



COMPARISON OF STATIC TEST AND EXTRAPOLATED 

VITND- TUNNEL RESULTS 

static - t.hrust and power characteristics have been 
useful chiefly for estimating the length of take-off 
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run and for c nlcula ting nosing- ave l' moment s. Statlc -te st 
data are usually unavailable for an y particular propeller 
design and hence these data are usually obtained by the 
extrapolation of wind- tunnel test curves to zero V/nD. 
This method has be en fairly satisfactory, but there may 
be some question as to the reliability of this method in 
the light of the recen t development of alrcraft engine s 
of 2GCO 0 r more horsepower . Several factors such 
as dual rotation , propellers of high solidity, two-speed 
gearing , and combinations of these devices have come into 

' prominence DS means of efficiently absorbing this increased 
power at z.ero and low airspeeds. ,Reliable data are essen­
tial in p roperly evaluatlrig the effect 'of variations in 
these scl:emes. 

The fact that many combinations of single- and 
dual-r.otating pro :}ellers ' ha'd been pr'eviously ,tested in 
a 'wind-tunnel presented an opportunity to compare 
extrapolated 1'6 suI ts wi th ~est r ,e-8ul ts. , First, CT and 
Cp points at zero V/nD were 'obtained by extrapolation, 
and inconsi s teneie s w'ere f.ai re,d o,ut. arter' plot tlng the se 
points against blade angle ', Curves of CT and Cr 
versus ,blade angle obt 'ained in this manner were then 
superimposed on the test , curves, as sho~m' in figures 27 
and 28 . The agreement between results from static tests 
and those from the, extrapolation of, wind-tunnel test 
results Is good in some cases -and only fair' in others. 
An imoo·rtant quanti ty in the a pplication 'of these 
results is 'Crr/Cp. In figu're 29 SOIre of the result-s are 
compared on this basis as a function of blade angle. 
The largest variation appears in the curves of the four­
and six-blade single-rotating propellers . In the case 
of the four-blade prope lIe r~ for example, the extrapolated 
value of C'lY' Op varies from }~. to 8 percent too high at 
the lower blade angles to as much a's 19 percent too high 
at the hi gher blade angles. 

Where possible , the 1}(ind-tunnel values without wing 
were used in order to correspond to the static-thrust 
results. In almost every case, however , the wind-tunnel 
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tests for U·s str.mdard- width blades a t 100 and 150 blade 
angle had ·rJcen Y!lO.de only w:tth the wing in place , but at 
thesr:J lov.' blade angles the twist in the 3lipstrearn would 
be 3mall 30 t~at the effect of a WiD§ on a tractor pro­
peller wouL} be l e gligible . From 20 on, these blades 
had been toater! ' ·both wi th and wi.thout wing .• thus permi tting 
comp aris ')n Ul1f1er the same condition as the static tests. 
Uni'o:r'tunatAJ.-y , the wide blades had been tested only with 
win g through t.he entire blade - angle rang e . Nevertheless, 
'i t 'seemed thf.lt the ".rlne - blade comparisons VIIould st i ll be 
of 'interest. 

It was ::ohr)\,.ln in reference 2 that t~(: pr8senc e of a. 
wing i n thE- sL .. l-strea!11 reduced the rotational losses of 
a sin~ le - rot8tinf tractor prope ller approximately 50 per­
cent. ~· ro:rr. the !1 bove statement it would be expe c ted 
that the valu8s of CT from the static tests of the 
wide -bladesin~la- rotRting pror elle rs with no wing would 
be somewhr. t, 10;; .. '81·' th[lJl tbe va J iJe s f ro!"!'! the wind - t-Lmne 1 
tests made \ .. ~. t;~l t r,t ~ ; wing , p [lrtic.\.ll~).rl-y· at the higher 
blade an;; l e G ·,"h'':re the twist of th8 slipstream. is more 
pronounced. 'l'h:t~ l"0sult :i, s defir:.i tely indicated in 
figUre 27( c) by C!le 8FT' c'urves o'r the th!'8e - and four-
blade singl ~ - rQtatlnf ~ropellers with wide blades . A 
si~ilar effect would not be ant i ci p ated for ' dual rotation, 
because the! T-flar comp onent' of the p rope ller would tend 
to remove t-.h:: tvrl8t of the sli [Js tre am . This is c onfirmed 
by the p lots of tile six- and eight - blade dual-rotating 
p ropellers with wide blades ~ig . 27(d)). 

The gene r a l uniformi ty of extrapolatE?d wind - tunnel 
data as found tn this lnvestigation suggests that a 
more a ccurate picture of t'q~ effect o.f a vril}-g on a 
tractor prort=;ller might be obt/:d.ned by comparisons 
based entirely on such data rathe~ than basing the com­
parisons partly on static - test and partly on extrapolated 
wind- t"Lmnel data .. in figu r es 30 and 31 , use is made of 
data from the extra polat i on of wind - tunnel test resul t s 
of the six-blade slngle - and dual - rotating propellers bo t h 
wi th and wi thout wing . (De.ta from re f e rer~ce 2.) At a 
value of Cf' of 0 . 675, for example, CT for the dual ­
rotating propel l er is 0 . 427 either '.Nith or without wing . 
vrhlle,for the sln!?:le - rotating p rope l ler , CT is 0.357 
with wing and 0 . 309 without wing . At this value of Cp 
of 0 . 675, the wing increased the static-thrust coeffi­
cient of the single - rotating propeller ' by about 15 per-
cent, but dual - rotation showed an increase over sing le rot ation 

I 

I 

I 

I 

I 

-~~~.~ 
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(without wing) of about 38 percent. The effect of the 
wing on s::!.ngle-rotating propellers, however, is negligible 
at blade angles representative of the take-off condition, 
usually less th~~ 300 . 

The following conclusions are based on static-thrust 
,~ 

comparisons free of compressibility effects. In the case 
of the dual-rotating propellers the pitch settings were 
adjusted to provide equal torque and power at peak effi­
ciency. 

1. Dual-rotating propellers e~libited a substantial 
gain in static thrust and power absorption over the 
corresponding s'l.ngle-rotating prope llers. 

2. On the basis of equal power ~bsorptlon, the six­
blade dual-rotating p ropeller was found to be capable of 
producing approximately the same static thrust as the 
eight-blade single-rotating propeller, both propellers 
having standard-width blades. 

3. At equal solidity or total . activity factor, wide­
blade single-rotating propellers produced a higher static 
thrust for a given power coefficient than did the equivalent 
propellers with 3tandard-width blades. 

h. The agreement of CT/C p as obtained from static­
test and ex.trapolated results of wind-tunnel tests, while 
generally faIr, was found in one case to vary as much as 
19 pe rcent. 

Langley Memori al Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., June 28 , 19h1. 
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Figure 1. - Static -thrust te st setup, with eight wide blades, arranged 
for dual rotation. 
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Fi gure 7.- Static characteri~tics of two-blade single-rotating 
propeller. standard-width blades. 
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Figure 8 .- static characteristics of three-blade single-rotating 
propeller. Standard width blades. 

L-750 



"'ieure .., . - 5 ts t ~ c ~hal"acter1.stlcs ot: t r.ree - blade sing le - rotat1ng 
nroue ller. Id.de hlad s5 . 
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~t~re 1) .- Static characterlstt~s of r~"r - blace deal -ro tatIng 
~ropeller . Standard - width blades . 
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l'lgure 12. - ~tatlc char a cteri s ti cs of fl"l"!" - hlade stngle - r t .. tln~ 
nro ,eller . Idde blade s . 



VlgQre 13 . - ~.etlc ctaracter'stlcs 0f six - blade s'nvle- r0t&tln~ 
~-0n.ller . ~tendard-.ldth lledRs . 
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~1gure 14.- Static characterlstlcs or six-blade dual-rotating 
orooeller. Standard-wi1th blades. 
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Figure 15 .- Static characteristics of 
nrooeller . .Hde blad e, . 
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Figure 17 .- Static characteristics of eight- blade dual - rotating 
pr opeller. Standard- width blades . 
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Figure 18.- static characterist ics of eight-olade dual-rotating 
propeller. Wide blades. 

--- ------ - - - -------~~ 
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Fi gure 19.- Variation of the power absorption of the front and 
rear components of the six-blade dual-rotating propeller. 
Standard-width blades. 
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~igure 20.- Variation of the power absorpt1on ot the front and rear 
components of the six-blade dual-rotating propeller. Wide 
blades. 
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Figure 23.- Comparison of single-rotating propellers of equal solidity. Six 
standard-width and tour wide blades . 
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(al Single-rotating propellers. 

Figure 26.- Variation of static-thrust coefficient with a c t i vity f ac tor. 
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Figure 29.- Concluded. 
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Fi~lre 30.- sta t i c-thr v~ t co efficient curves froll 
extrapolation of wind-tunnel data showing effect 
of wing on six-blade s i ng le- and dual-rotating 
or 00ellers. 
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Figure 31.- Static power-coc!: lc.:ient curves froLl extrapolation 
of wind-tu;:;;;.;:;l datu showing effect of wing on 
six-blade sillcle- ana d~al-rotatin~ propellers. 
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