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HATIONAL ADVISORY COM:l1lITTEE FOR AERONAUTICS 

TECHNICAL NOTE NO. 822 

TA1J DEti .A IR PRO FELLERS - I I 

By E. P. Lesley 

SUMMARY 

Te sts of three- blade . adjustable-pitch counterrotat­
i n g t a ndem mo d el p ro p ellers, adjusted to absorb equal p ower 
a t maxi mu m efficiency of the combination, were made at 
Stanf ord University . 

The aerodyna mic characteristics, for blade-angle set­
tin g s of 15 0 , 25°, 3 5°, 45 ° , 55° , and 65° at 0.75R of the 
f or wa rd p ro p eller and for di am eter spacin g s of 8i . 15, and 
3 0 p ercent were co mpared with t h ose of threo-blade an d six­
blad e p ropellers o f t h o same blade form. 

It was found that, i n ordor to realize the conditio~ 
of e qual po wer at maxi uu m e f ficiency, the blade angles for 
t h o rea r propeller must be g enerally less than t hat for the 
f orward p ro p eller, t h e di f ference increasing wit h blade 
a n gle. 

The tests showed t hat , at maximum efficiency, the tan­
dem p rop ellers absorb about double the po wer of three­
blade p rop ellers and about 8 percent more p ower than six­
blade p ro p ellers having the pitch of the forward prop eller 
of the tandem combinatio n . 

Th e maximuD efficiency of the tandem propellers was 
found t o be from · 2 to 15 percent g reater t4a n for six­
blad e p ro p ellers, tho dif f erence varying directly with 
blad e a nglo. It was also foun d that · the maximu m e f fi c ien-
c y of th e t a ndem u ro n ellers was e reater than t hat of a thre e -

~ - ~ a 
blad e p ro p e l ler for blarre angles at 0.75R of 25 or mo r e. 
Th e d ifferen ce in maximu m e ~ ficiency again varied d irectly 
wit h bla de an g~e, bei ng a bout 9 percent for · 65 0 at 0.75R. 

I NTRODUCTION 

Te sts o f t wo-bl·a cl e op p ositely r otating tandeu prop el­
l ers were car riod on at Stan f or d Universit y in 1918 (rofor-
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ence 1). The results .Were not pro mising . It was found 
that t h e effic i ency of t h e co mb ination was less than t h at 
of a sin gle two-blade p ropeller. Althoug h no tests of 
four-blade ~ r opellers were made at the time, it no w a p­
pears t h at t h e- t andem prop ell e rs s h o wed l it tl e, i f an y , 
great e r effic i ency t h an wo u ld be exp ected f o r fo u r-blad e 
pro p ellers of similar for m desi gn ed to absorb t h e s am e 
p o wer. It was also found t hat , i n t h e re g io n of ma xi mu m 
efficien cy, t h e torque o f e i t h er pr ope ller wa s r e d u ced 
wh e n t he oth e r developed t h r u st. The maximum p itc h-diam­
eter ratios e mp lo y ed in th ese tes t s was 0 . 9, wh ich corre­
s p onds to a bl a de a ng le of 21 0 at 75 pe rcen t of t h e tip 
r a diu s (O. 7 5R) • 

At about t h e sa me t i me, Lanc he ster e ~o w ed t ha t tan­
de m pro ~ ellers mi gh t develo p co n siderabl Y g re a ter effi­
cienc y t h a n a si ng le p ro p eller, pa rticul a rly for p itc h­
dia meter ratios as g reat as 2 or p ossibl y 3· (refere n ce 2) . 

A .second exp erimental study o f this sub j ect wa s made 
at St a nford in 1938 (referen ce 3). It was s h ow n t h a t , 
compared with four-blade p ro p elle r s a bsorb ing a bout t h e 
sa me p o wer, t h e ta nde m p ro p ell e rs d eveloped t he h i gher 
efficiency. The g ain i n efficie n c y was fo u nd to ' be more 
prono u nced for t h e p ropellers of la r g e b l a de ang les, be~ 

ing abo u t 0 . 005 for 150 at 0. 7 5R a nd 0 . 0 15 for' 450 at' the 
same statio n . It was also f o n n d t ha t, for th e larg est 
blade an g le investi gated, 45 0 at 0 .7 5R, t h e t ande m p ro pel­
lers were sli ghtl y sup erior in, ef fi cien c y to a si ngle 
two-blade p ro p eller. In view df t h e p romis ing res u lts of 
these tests, pa rticu larl y for t h e hi ghe r bla de a h g les, 
the subse qu e n tl y described i n vest igation was carried o n 
at t h e requ est a n d wit h t h e fi na nc i al assis t a n ce ' of t h e 
Natio na l Adv i sory Co mm ittee for Aero nau tics . 

Th e tests rep orted in re f e re n ce 3 i n dic a ted an effi­
cienc y advantage for ta nde m p ro pellers t ha t varie d di­
rectl y with blade angl e . It was t h e refo re p resumed t h a t 
g reater , blade a ng les wo u ld s ~ o w g rea t e r adva n tag es . For 

, the airplane sp eeds now co mmo n l y a t ta in ed , g reat er bl a de 
angles t h an t h ose e mp lo y ed in t h e p r e vio u s t e sts mi gh t b e 

, destrable a nd, for sp eeds of 400 t o 50 0 miles pe r h our 
and for p e rm issible resu lt an t tip s p eeds, bl ade a n g l e s a s 
g reat a s 65 0 mi gh t be requi red. The r ang e of b lade a ng l e s 
emplo y ed i n t h e p rese n t i nv es t i gati o n was the r ef ore ex­
ten ded to i n c lude 6 50 ~d 0.7 5R . Three b lade units were 
ch ose n for t h e ta n de m co o b inatio n a n d a six- b lade p ro pe l-
1 e r for co mp a r i so n wit h it • 
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The co ndition s el ected for the tand e m p ropeller t est s 
was t hat t h e powe rs ab sorbed by the t wo propel l ers s h ou l d 
be e qual at maxi mum efficiency. Si nce the an gular v e loci­
ties ~ ere e qual , t h is c ond it ion p rovi d ed t hat t h e re wo u ld 
be balanced torque a n d a sl i p strea m, on t h e ave r age, free 
fr om r o tation . 

APPARATUS AND TESTS 

!in~_t~nn~l.- Th e ex~&r iments were carried on in the 
wind tunnel of the Da n iel Guggenhei m Aeronautic Labo ra tory 
at S tanford University . The tu nne l is of t h e E i ff el t yp e 
with o p en t h r oat, 7~ feet in diameter. The ma ximum wi n d 
velocit y is 90 mil es pe r hour . 

~~~!E.Q..~~t~!:.. - Th e mo de 1 prop ell er dyna r:lO met er ha s 
been described in ref e re n ce 3. It p rov ides for measure­
ment of torque on t he t wo prope llers i nd erend e n t l y so that 
t h e differenc e i n powe r absorbed as well as the total may 
be determi n ed. Onl y t n e total thrust is measured. 

l{Q...9:.§.L . ..:Q..r.Q.J2..~ll§.!:.§.~ Th e r i gh t - a nd t he 1 eft - ha n d 
t h ree- b lade p ro p ellers for t h e tand e m co mb inat i on wer e 
t h ree- f oot -d ia meter. metal. adju s table- pitch models of 
stan d a rd U. S. Na vy pl a n form and b l ad e sect io n s. ~he geo ­
metr i cal pitch-diame t e r r a tio , for a blad e a ng l e of l S . 60 

at 0.75R. was 0 .7 fro m O. oR o u t wa rd t o t h e ti :r; . The 
p itc h-dia meter ratio g radually decreased to ~ard t ~ e hub 
fro m 0.6R to 0.42 at 0.15R. Di mension ed dra ing s a n d sec­
tion ordi nate s o f the blades (de sig nat e d E) a re g ive n in 
referen c e 4. 

3 

I n t rJ. e six- blade p r o p ell er, in ord e r to provide suffi ­
ci en t roo m for the bl a de-cla mping device. th e hub was made 1 
inc h g reat er in dia meter t ~an t h e three- b l a de hubs . Th e 
b 1 ad e s 11" e re t h u sse t 0 u t ~ inc h • IUa k i 11 g the pro p e 11 e r 
37 i n c h es i n di am eter . As a r esu lt , ta ere were sligh t 
diff e re a ces in p itch-diamete r, w~ dth- dia L""! ete r, a nd thick­
n ess - wi dt h rat ~ os a s fun c t i o n s o·f t h e ratio of stat ion 
rad iu s to tip radiu s (r/R) fo r t h e t h r ee-b l ade and t h e 
six- b l a de ly.od e ls , as s h o~TIl i n f igl1re 1. Wh ile t 11 ese dif­
fere n ces mi gh t c o n ce i vabl y ha ve s ome effect on c ompara-
tive tests of t ri ree-b lad e a n d si x-blade p ropell e rs, it is 
believed t ~at such an eff ect wo u l d b e i n si gnifi ca nt in 
co mpa rison with th e e ff ec t of difference i n solidit y . The 
appearance of t h e p ropellers, wh en mo u nt ed o n the d y namo m­
eter read y for test. is s h o wn i n f i gu res 2 a nd 3. 
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!~~~.- Tests were ma de of e a c h pro p ell e r alone, 
t h ree-blade ri ght- h and, th r e e-bla d e l e ft- hand , . and si x­
blade , f or blade ang les of 150, 250, 350, 45°, 55°, a n d 
650 at 0.75R. Tests o f t h e t and e m p ro pe ll er s wer e ma de 
with th e f o r ward (ri gh t-ha n d) p rop ell e r also s et a t t h ese 
blade a ng les but wit h t h e rear ( left- ha n d ) p ro pe l l er a d­
j u sted to a b s o rb t h e same p o we r as t h e for wa r d p ro pe ller 
at ma ximu m effic i e n c y of t h e c mb i nati on. For t h e 2 5 ° 
blade a ngl e of t h e t andem propel l e rs, t h ree a x i al s p a c­
i ng s we re e mp lo y ed, at pe rce n t, 15 p e rce n t, . a n d 30 pe r­
ce n t of t h e dia me ter, fro m ce n te r to ce n t e r of t h e bl a de 
s h a n k s. Ot he r t ande m- p r op e ller t e s ts we r e mad e a t t h e 
15-p ercen t - d iame ter s p aci ng o n l y . 

Cons tant angu l a r veloc i ties wer e use i f or e a c h blade 
an g l e , va ria tio n in t h e para me te r V/ nD ( pi tch- dia me te r 
ratio) be i ng s e c u re d th r ough c hang e of t h e wi nd v e locit y . 
Be·cause o f l i mi t atio n s i mp o sed b y maximu m wi n d s p ee d a n d 
by p o wer and r ota ti ona l sp eed avai l able i n t h e dyn a mo me­
ter, t h e r o tati o n a l s p eeds e m~ lo y ed we re 2 10 0 , 210 0 , 1 57 5 . 
11 50, 90 0 , and 6 50 r p m fo r t h e 1 50 , 2 50, 3 50, 1 50. 550. 
and 65 0 b lade ang l e s. resp ect i v e l y . The Re y no li s n umbe r 
of t h e t es ts t hu s va r i ed fr om 0 . 1 1 6 to 0 . 036 f ul l sc a le, 
assumin g full-sc a le p ro p ellers 9 feet in dia ~e t e r turni ng 
a t . 2 00 0 r p m • T 11 e t est d a t a VI' e re re d 11 c edt ° t h e co e f f i c i e n t 
fo r m: 

where 

Th r u st co e fficie n t, CT = T 
p-n 2D 4 

Po wer coefficie n t, C - _-L __ 
P - pn 3 D 5 

Ef f icie ncy, J.. 
nD 

Speed po wer coeffic i ent .• 

T pro p ell e r t h r 1.1st 

p mass de nsity o f t h e air 

n revoluti o n s p e r unit ti me 

D propeller dia meter 

P power a b s o rbed 

V velocity 

1_ 50 
nD J c; 
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RES ULT S AND DISCUSSIO N 

The differen ce in blade angl e required to meet the 
condition of balanced t o rque at maximum e ffi ciency of the 
tandem propellers is s hown ir. figure 4. It a g rees close­
l y, p ossibl y with in the error of mea s:ure ment , with that 
fo und in r efe rence 3. The co nclu s ion r ea c h e d in reference 
1,' t ha t to absorb equal po we r t h e two p ropellers sho u ld 
have the s ame pit c h-dia me ter r ati o, a pp e a rs to ha ve be en 
not far wrong for t he bl a de angl es emp loyed, 12 0 to 210. ' 

Tha t the diffe re n ce s h o u ld v a r y directly wi th b lade 
ang l e mi gh t h ave been predicte d . Fro m mo me ntum t he ory, 
the forwa rd prope ller induces incremen ts to t h e velocity 
of the air stream a cti n g on t h e ' r ea r pro p eller. Th e axial 
inc r ement , i n duced by t h rust, decreases t h e an g les of a t­
tack of the rea r p ro pe ller b l a des. Th e circ umferential 
incre me nt , induced by to r que , inc reases the a n g les of at­
tack. Fro m blade-el ement t heory, thrus t vari e s inver sel y 
and torque directly with b lade a ng le. Therefor e , as t h e 
blade ang le o f t h e forward prop eller is i nc re a sed , the 
a n51e s of atta c k of t h e rear p ro pe ll e r tend to b ec ome p ro­
g ress ive l y grea ter and its blad e angl e must be re duc ed to 
realize t h e co ndition of balanced torque . It fu rth e r se em s 
qu it e p ossible t ha t, a t t he 150 b l a de angle , t he axial 
incre men t of velocit y is g rea t enoug h to more than ove r­
c ome the effect of the c i rcumferential increment. Th e 
rear prope ller blad es mus t t hu s ha ve a g r ea t e r angle for 
balanc ed torque , as s h o wn. 

Variation i n a xi a l s pa c ing of t andem p ropellers is 
found to have a minor effect on p erformance . Fig u r e 5 
shows the results of t ests for the 25 0 bl a de an g le. I t 
may be seen t ha t, for .c ont inued balanced torque, the blade 
angle of th e r ea r p r ope ll ex is inc reased s ome wha t as t h e 
s pa cing be c omes g re a ter. fhe thrust and pow er co efficie n ts 
also vary slightly an d d irectl y with axial s pac ing . Th is 
variation is pe rhap s little mo r e tha n wou ld be expe c ted 
fro m the c han g e i n b 1 a d e an g leo f t ~l e r e a r F ro p e 11 e r • S i m­
ilar r esult s were der i v ed from the test s o f reference 3 . 

Th e apparent e ffec t o f s pa c ing on ef f icienc y is ex­
treme ly s mall , bu t t hat ind icated by the present tests is 
opposite to tha t s hown in ref e re n ce 3 . I n e it h ~r ~ a se, . 
however, the ch~nge in ma ximum e fficien c y , p ~ esumab l y 
bro u~ht a bout by va r i ation in s pa ci ng , is less t han 1 per­
ce n t. Since the effects ar e ~ ma l l and incon sis tent , 
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they may be attributed to experimental error. As evi­
denced by consecut ive tests of a singl~ p ropel ler. the 
probable error in maximum efficiency is about 0.005 • 

. Th~ fest data' for ri ght - hand three-blade. si x-blade, 
and tandem p ropellers are given ir, ta -bles 1, II, and III. 
For the tand e m p ropellers. C

F 
and Cs are ?oefficients 

co mpute d for t~ e tot~l p o we r absorbed and CT a coeffi­
c i en t for tot a 1 t b. ru st . Th e val u e si n t 11 e col urn n. . he a de d 
C (RR-LE) are the difference i n powe r coe fficients of 
tEe forward (r i gh t-hand) and rear (left- hand ) pro p ellers. 

In figures 6, . 7, and 8 , CP ' CT , and ~ are repre­
sented as furictions of V/nD. In t h ese fi gu res. logarith­
mic scales are employed, wh ich. pe r mits s :ri ~ wing small an d 
larg e numerical values of the data with e ~ual rel e tive 
accuracy and. at the sa me time, k eeps the diagrams within 
moderate size . These fi gu res were p repared by p lot t i ng 
the tabul a r to arithmetical scales, drawing represe nta­
tive 'cu rves ', and taking off val ue s of CT' C

F
, and ~ 

at convenient points. If plotted, po ints will be found 
to lie. with few exce p tions, u~on or very clos~ to the 
curves shown. Desi g n c har ts for t h e selection of three­
blade. si x-blade and tandem propellers are sh own in fig­
ures 9 , 1 0 . and 11. ' 

Gra ph ical and tubular data for the three- blade left­
hand propellers are, in t h e interest of brevity . omitted 
from this report . It was found that the results of tes .ts 
of ri ght-hand and left-hand propellers were, with in the 
limits impo sed by probable errors in blade ang les and in 
experi ment al observations, substantially the same. The 
probable error in blade an g le is ~O.lo. Because of p os­
sible inclina tion of t h e mandrel on wh ich the propellers 
were placed for blade-ang le adjust o ent and me a sureme n t, 
t h e error may have been of one sign for t h e right-hand 
propellers'and of t h e op posite sign for the left-hand p ro- ' 
pe~lers . A differen ce in blade angle of 0 . 2 0 is . suffi­
cient ' to account for t : e greater part of the disagreBment 
in results of tests. 

Fi gur e 12 shows the effect of each p ropelle·r ·of · t h e 
tande m , combination upon , the p6wer absorbed by the other 
at maximum effic~ency (~max). For the forwa~d prop~l~er, 

the "effect sho'wn was , 'derived by direct comparison of tn'e , 
Cp for that propeller when alone with the CF when in 
the tandem combination. In th~ second case, Cp i s gen-
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erally one half the Op for the tandem propellers as a 
whole since, a t maximum efficiency, the torque was bal­
anced as nearly as practicable. For the r ea r p ro pelle r, 
it was necessary to interpolate p ower coefficie nts for 
the propeller alone because g enerally that propeller was 
tested alone only at the same blade angles as the forward 
propeller. A check test for the rear propeller at 53.1 0 

was made. The coefficients agre e d closel y with t h ose de­
rived by int e r po latio n . 

Figure 12 shows that th e rear propeller has a negli­
gible effect on the power absorbed b y the for ward propel­
ler for blade ang les g reat e r than 250. At lo wer blaQe 
angles, t he power absorbed by t h e for ward p ro pelle r is 
decrea sed by the action o f the r e a r p ropell e r. For t he 
rear propelle r, the p ower absorbed is g reatly increased 

7 

by the forward propeller at the larg e st bla de angle and 
reduced by abo u t the sa me amount at the s ma llest blade 
angl$~ This figure is effectively i n agre emen t wit h fig u re 
4. It also bears out the concl'l sion of r efe re :1 ce 1 t hat, 
for blade angles of 210 and less, t he power absorbed by 
either prope ll e r is r educed by the pre s ence of t he other. 

A summary of performance characterics at maximum 
efficiency for three-blade, six- c lade, and tande m pro p el­
lers is s~ow n in fi gu re 13. I t is evide nt frO D this fi g­
ure t hat, for blade ang les abOVe 25°, .the' power absorbed 
by the tandem pr opelle rs is about twice t ha t absorbed by 
a sin g 1 e t h r e e- b 1 a d e p ro p e 11 e r 0 f t h e sa l!l.e s i z e . For 
blade angl es less than 25 0 , t her e is a ma r k ed reduction 
of the ratio. The tande m p rop e llers absorb a n avera g e of 
8 percent more power t han six-blade p ropeller.s .of equal 
size. 

For all blade angles, the tandem propellers have 
greater maximum efficiency than six-blade propellers. 
The difference var~es directl y with blade angle a n d be­
comes about 15 percent at 65 0 • For blade angles above 25 0 , 

the maximum efficiency of tande m pro~ellers is g reater 
than that of single three- blade propellers. The differ­
ence a g ain varies directly wi t h blade ang le a nd is about 
9 pe rcent at 6 50 • For blade ang les less than 25°, the tan­
dem I ropellers s h o w, less maximum efficiency than three­
blade propel lers . 

The relation of the maximum efficienc y curves for 
three-blade and tande m p rop el lers may De predicted . The 
difference in maximure efficiency a t t n e 15 0 blade ang le 
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is less than the ,difference in ideal efficiency of momen­
tum theory. The rotat ional energy in the slipstream o f 
the three- blade p ro peller s e t 150 'is small and therefore 
little is to be g ai n ed throu gh even co~plete co n servat j on, 
as sho wn by Lanchester in reference 2. On the other h a nd, 
the differe n ce in ideal efficiency for t he 65 0 blade an­
gle is one-fourth that for t h e 1 5 0 blade angle. ' The rota­
tional e nergy of the slipstrea m of the three-blad~ p ro ~e l­
ler s e t 65 0 is manyfold greater . Even partial co n serva­
tion may therefore result in considerably improved 
effic ien c y . 

Calcula~ions for effic iency , based on co mbined blad e 
element and momentum theories, yielde~ re sult s qualita­
tively in ag ree ment with tests, but the differe ces found 
were less than those shown in figure 13 . A source of rela­
tive effic iency for t L e rear propelle r t hat a s greate r 
than clacu1ated may be Katzmayr effect . The rear p rope l ­
ler blades move in a wind stream of variabl e velocity and 
direction indu ced by the forward propel ler . It ha s been 
shown that, ,in an oscillating wi nd st rea m, the drag of an 
airfoil, referred to the mean direc tion of flo n , becomes 
small er a nd may even be negative (referen ce 5) . This ef­
fect wou l d increase the c omputed relative efficiency of 
the rear propel ler a nd thus t ha t of the tande m combina tio n . 

Figures 10 and 11 s h ow, as would be expected from 
figure 13, greater efficiency for tand em p rop elle rs than 
for the s ix-blade propeller at 'all value s of Os. Flgu res 
9 and 11 indic ate g reater efficiency for tande m pro~e'llers 
than for three-blade p ro pellers at values "of ° "gre~~er ' 
than about 1.3. For equa l pow er, r e volutiol!l " s~eed, and 
velocity (equa l C), t h e diameter an d hen ce t h e tip s pee d 
will be greater fo~ three-bl a de propelle rs than for tandem 
propellers. Tip speed may , affect efficien c y . It th e re­
fore see ms , that a mor~ lo g ical basis for ' co mpa rison of ~ effi~ 
ciency -tha n at equal values of C is at equa l velocities 
of advance and tip speeds, or atSequal values ofV/nD~ 
The V/nD for equal maximum efficiency of ' three-blade and 
tand em propellers is about 0 . 85 . For g r eate r values of 
V/nD, tandem p ropellers have the greate r maximum effi­
cienc y . For a result ant tip speed of 1000 feet p e r sec­
ond, the velocity of ad vance at V/nD = 0.85 is about 1 80 
mile s per hour . For lower tip s peeds, the velocity of 
advance is prop or tionally redu ced. It may be thus seen 
that tandem prope ll e rs will have , at pe rm issi b~e tip s p eeds, 
g reat e r efficiency than three-blade propeller s 'at v e loci- -
ties of advance in ' eicess of 180 miles pe r hotir. " 
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Tand em p rop e ll e r s a ppea r to g iv e no p ro mi s e of im­
p r o v ed a irp l a n e pe rfor n a n c e a t v e loci tie s b e lo w 180 mi l e s 
pe r hou r u nle ss tile ti p s p eed.s a r e l e s s t ha n 1000 f eet 
per sec o n d . Th e y s h o ul d ha v e , h o ~ ev e r, pa rticu l a rl y i n 
t h e e st i rna t :!. o n 0 f t h e a i r p 1 a n e p i lot, t wo inc ide n t al a d­
v a nt age s t ha t may compensat e f o r a s ma ll los s of e ff i ­
ci e nc y at low spe ed . These ar e : (1) imp rov eme n t in l ong i­
tu d i nal co n trol t h rough e limi nati on of rot a tio n fro m th e 
air s t rea m w h i c h ac t s 11 p o nt h et a i 1 sur fa c e s ; an d (2) i m­
p rov emen t i n l a t e ral co n tr o l t h r ough r emov a l of rolli ng 
mo me n t d u e to unba l an c e d tor qu e . 

Tandem p ro p ell e rs may p oss i bly resu lt in a decrea se 
of wei gh t- p o wer rati o fr om t ha t a tt aina bl e ith s i ng l e 
p ro p e l l e rs. It may "be assu me d t h at th e t a nde m p ro p e ll ers 
wou l d ha v e tw ic e t h e we i ght of t h r ee- b lade p r ope ll e rs of 
the sam e s ize a nd t ha t t he we i gh t of simil a r p ro pe l ler s 
v a ri e s as the c u b e of t he ir linea r di men s ion s . If t he se 
a ss um:r; t io n s a r e t e na b l e, t he ~e i ght s of t and em and t h r e e­
bla de p ro pe ll e rs for e q ua l p o we r and a t e qua l tip s p e e ds 
wi ll b e i n the r a tio of 1 to ~ 

Aside fro m desi g n o f pi tch-contr o l mecha n i sm , tan­
de m p ropell e rs a pp ear to p res en t bu t t wo p ossible diffi­
cult p rob lems: elimination of n oise a~ d o f d ange r from 
stru c tu r al failu re . 

Th e r ea r p ro pe ll e r blades espe Ci a ll y , as t hey pa ss 
t h r ough a n air str ea m o f v a r i ab le v el o c ity an d d i r e ct i on, 
p rodu ce n ois e . The f re que nc y o f t he sound wav es is, for 
equ al rot a tio na l s p eeds of t h r e e-blad e t an dem p ro pe ll ers, 
6 n. The i nt ens it y and the v o l ume of t he s ound d epen ds 
u pon t he v iol en ce of velo c it y an d d i r e ct ional c hanges en­
counte r e d b y t he b lades and up on t ho a mp l itu d e of tho v i ­
bration s induced i n t hem . 

In th e p re se n t mo d e 1 t est s, t h e n o i s e 0 f t h e t a n d e m 
p r ope ll e rs was most no t i cea bl e at t h e h i g he r rota tiona l 
s pe e d s u s e d f or . t he s ma 1 1 e r b 1 a d e an g 1 e s . I f t he vol 11 m e 
o f s o und should increa s e c on ti nuously with scal e , t h e 
n o i s e of tand em p rop e ll e rs may co n stit u te an ob j ectio na l 
fe a t u re in fli gh t. 

It is obvious t ha t, because of v a r ia t i on in lo a d, 
forced vibrati o n s of t he sa me fr equ e nc y as t ha t of t h e 
s o u nd wa v e s wi ll b e i mp ressed u p o n t h e pro pe ll e r b l a des. 
If t h is fre qu enc y is equal or cl os e to t ha t f or s om e mode 
o f elas ti c vi brat ~ on of t h e b lade i ts el f, t he re will be 



10 NACA. TechniCal Uote 1-1'0 . 822 

increased amplitude of vibration with res u ltant stresses 
possibly g reat e r t han allopable. 

Although t he re was no evident blade flutter duri ng 
the model-prop e ller tests , it is believed t h is p robl em 
may be serious in full-scale op e ration. The frequency 
for the first mode of vibration for the model blades was 
found, by experi me nt, to be about 90 cycles per second. 
The frequency for the second mode was estima ted to be 
abo u t 560 cycles per second. For g e o met rically and elas­
tically similar blades, the fr equency of vibration vari e s 
inversely as th e linear dimensions, and thus the frequency 
for the second mode of vibration of a 9- foot propeller 
would be 186 c y cles pe r second. At 1860 rpm , h ow e v e r, t h e 
frequency of forced vibration of t h ree-b lade tandem pro ­
pellers will ~lso be 18 6 cycles per seco nd. 

The f~equency of elastic vibrations wi ll be i n creased , 
in rotation, by the stiffening effect of centrifugal force . 
It app ears that, for full - scale propellers of simil a r form 
and material to the models, t... e fre que ncy for the second 
mode of elastic vibration may be d ange rously near that of 
the forced vibrations . · In any event, it seem s til at the pos­
sible effect of synchronous forced and elastic vibrations in 
proposed installations of tandem p ropell e rs should be inves­
tigated. 

CO } CLUSIONS 

These tests have s hown that, for blade ang les of 15 0 

to 650 at 75 percent of the tip radius (0.75R ) , identical , 
c6unterrotati ng , three-blade, closely spaced tande m pro­
pellers, adjusted to absorb equal power at maximum effi­
ciency, have from 2 percent to 15 pe rcent g reater efficien­
cy than that of six-b l ade p ropell e rs of similar blade form . 

Tandem propellers have lower maximum efficiency than 
s ingle th r ee- blade propellers for blade angles a t 0.75R 
less t h an 25 0 • For larger blade a ng les, the tandem pro­
pellers have an increasing advantage which beco ~es about 
9 percent at 65°. 

Tandem propellers absorb, respectively, about 8 and 
100 p ercent mo re power than six-blade and t h ree- blade p ro ­
pellers of equal size . 

Daniel Guggenheim Aeronautical Laboratory , 
S t~nford University, Septe mbe r 20, 1939. 

J 
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TABLE I 

Three-Blade Right-Hand Propeller 

1&° at 0.7& R 

v/nD °T Op Os " v/nn 

0.734 0.0020 0.0120 1.780 0.122 1.l6G 
.6'10 .0178 .0204 1.478 .&92 1.123 
.6:51 .0292 .0266 1.~4 .693 1.050 
.&93 .0379 .0307 1.191 .732 1.007 
.1548 .0~83 .03&& 1.089 . 74& .982 

.606 .0676 .0394 .966 .739 .912 

•• 73 .0646 .0422 . 891 .724 .868 

.426 .0748 .0462 .790 .703 _81'7 

.370 .0833 .047:5 .681 .6&1 _7sa 

.326 .090& .0<18& .&97 .607 .7~ 

.2154 .1007 .0497 .~ .1514 .689 

.202 .10158 .0493 .369 .~ .fSlS 

.14:5 .1124 .0491 .261 .327 .. ass 
.&41 

.479 

.419 

.3154 

.312 

.268 

TABLE I 

Three-Bla4e R1,ht-ian4 Propeller 

26- at 0.7& R 

Cor Or 08 

0.0024 0.0216 2.0U 

.0174 .0349 9.1$8 

.0316 .0478 1.946 

.041'7 .01598 1.770 

.OM9 .0673 1.681 

~06!8 .07l52 1.&400 

.0'733 .0796 1.442 

.0819 .0846 1,.3:S9 

.0888 .0886 1.272 

.0962 .0981 1.190 

.1049 .0969 1.102 

.1116 .0997 .996 

.121& .1011 .92& 

.1279 .1021 .8&4 

.l844 .1042 .7153 

.1:57& .10~ . 6159 

.1:574 .1098 .15&1 

.1376 .1098 . 486 

.137& .1116 .411 

" 
0.130 

.&60 

.700 

.770 

.784 

.797 

.800 

.791 

.7815 

.771 

.784 

.787 

.704 

.677 

. 617 

.&M 

.443 

.391 

.326 

~ 
:z 
00 

.) 
r , 

>i 

t 
~ • 
~ 



TABLE I 

Three-Blade Right-Hand Propeller 

lI5- at 0.76 R 

V/nD 01' 0p Os 11 

1.625 0.0172 0.061l1 2.840 0.457 

1.586 .O~O .0778 2.642 .612 

1.52l1 .0+49 .0964 2.4:51 .709 

1.468 .0558 .108:5 2.290 .762 

1.409 .0668 .1200 2.152 .784 

1.:561 .0760 .1278 2.05l1 .809 

1.297 .0868 .1:587 1.926 .812 

1.231 .0972 .1481 1.805 .80B 

1.171 .1069 .1554 1.700 .805 

1.11.1 .1168 .1624 1.598 .798 

1.051 .1233 .1667 1.505 .777 

.999 .1290 .1720 1.421 .749 

.939 .1298 .1770 1.328 .689 

. 880 .1316 .1781 1.243 .6150 

.801 .13~ .1798 1.128 .504 

.728 . 1368 • 18116 1.022 .5118 

.646 .1383 .18150 .905 .483 

.582 .1402 .1870 .813 .4:56 

,497 .1443 .1914 . 691 .375 

.414 .1484 .1952 .57l1 . :515 

TABLE I 

Three-Blade Right-Hand Propeller 

45° at 0.75 R 

v/nn CT Cp Cs 

2.247 0.0378 0.1:580 3.340 

2.188 .0485 .1554 3.174 

2.103 .0626 .1775 2.971 

2.026 .0753 .1962 2.802 

1.944 .0876 .2137 2.647 

1.856 .0997 .2291 2.491 

1-.7~ .1120 . 2439 2. 340 

1.691 .1221 .2657 2.210 

1.599 .129B .2648 2.08'7 

1.511 .1315 .2689 1.966 

1.420 .1319 .2676 1.850 

1.335 .1328 .2674 1 . 739 

1.261 .1337 .2679 1.6n 

1.181 .1356 .2681 1.638 

1.112 .1369 .2694 1.448 

1.043 .1385 .2708 1.356 

. 982 .1401 .2728 1.275 

.874 .1425 .2775 1 . 130 

.790 .14M .2828 1.017 

.694 .1465 .2906 .888 

.567 .1503 .2980 .723 
~~-~ 

" 
0~615 

.683 

.742 

.777 

.797 

.807 

.810 

.803 

.784 

.739 

.700 

.662 

.6:JO 

.697 

.566 

.534 

. 504 

.449 

.408 

.350 

.286 

I 

! 

-l 
'z: 
:' -' 
N 
N 

~ 
~ID 
()t:f 
0 .... ::s .. 
c+ 

~ .... 



TABLE I 

Three-Bladl Right-Hand Prope ler 

55° at 0 75 R 

V/nD CT Cp Cs T) V/nD 

2 926 (). 0866 0.3694 3.593 0 . 705 
2 6S3 .0942 .3721 3.494 .725 
2 783 .1024 .3870 3.366 .737 
2 7J 4 .110'- .3991 3.250 .750 
2 640 .1184 .4111 3.155 . 760 
2 566 .1';>54 .4200 3 . 050 .766 
2 506 .1317 .4282 2.962 .769 
2.426 .1371 .4361 2.861 .762 
2.369 .1(02 .4392 2.790 .766 
2.291 .1415 .4414. 2.699 .735 
2.223 .1416 .4392 2.620 .717 
2 .159 .1412 .4337 2.547 .703 
2 077 .1404 .4259 2.460 .684 
2 013 .1395 .4210 2.394 .668 
1 926 .1376 .4133 2.299 .641 
1.866 .1368 .4086 2.232 .62 4 
1 . 784 .1368 .4028 2.142 .602 
1 730 .1354 .4001 2.079 . 586 
1.668 1343 .3953 1 996 .664 
1.887 .1335 .3940 1.910 .538 

4.060 
3.938 
3.869 
3.800 
3.728 
3.680 
3.608 
3.540 
3.480 
3.413 
3.330 
3 .259 
3 . 203 
3 . 120 
3.049 
2.966 
2.S81 
2.800 
2.699 
2 . 609 

1.527 .133.6 .3912 1 842 .521 
1.467 1327 .3886 1 . 772 .502 
1.381 .1329 .3873 1.670 .474 
1.295 .1331 . 3886 1.563 .443 
1.193 .1338 .3898 1.441 .410 
1.065 .1352 .3951 1.283 .365 

.941 . 1357 .3968 1 .132 .322 
814 .1348 . 3967 .979 .277 

2.612 
2. 466 
2.403 
2 . 300 
2.217 
2.127 
2.065 
1.952 
1.804 
1.6715 
1.550 
1.368 
1.196 

987 

TABLE I 

Thrl.-Blad. Right-Hand Propeller 

65· at 0.75 R 

CT Cp C s 

0.1264 o 802 4.240 
.1.351 .808 4.109 
. 1391 .812 4.031 
.H35 .814 3.9f4 
.1485 .816 3.880 
.11520 .819 3.8'- 8 
.11560 .820 3.751 
. 1600 .821 3.877 
.1622 820 3.619 
.lM7 .816 3 . 55:5 
.1651 .808 3 .474 
.1636 .801 3.403 
.1616 .791 3.360 
.11592 .772 3.282 
.1561 .762 3.231 
.1516 .729 3.163 
.1473 .'773 3.072 
.1433 .6811 3 . 023 
.1380 .660 2.933 
.1339 .638 2.8152 
.1302 .619 2.763 
.1275 .608 2.720 
.1249 .1597 2.687 
1202 .1572 2 . 672 

.1142 .666 2.4102 

.1127 .547 2.399 

.1108 .5U 2 333 

.1078 .1529 2.212 

. l O47 .520 2.058 

.1019 515 1.91:5 

.1010 .512 1 . 703 
1005 .5015 1.570 

.1000 .503 1.368 

.1000 .500 1.1:51 

T) 

0.640 
.658 
.6~ 
.670 
.679 
.683 
.686 
.689 
.689 
.690 
.681 
.666 
.6154 
.644 
.633 
.617 
.600 
.~6 
566 
548 

.528 

.517 

.603 

.484 

.455 

.438 
42:5 

. 398 

.363 

.331 

.308 

. 272 

.238 

.197 

I 

:-1 
Z 
(Y:> 
1'.) 
K. 

~ 
~{Il 

O:f 
0;-0 
ts. 
c+ 

~;-O 



TABLE II 

S1x~Bl&de Right-Hand Propeller 

1150 at 0.75 R 

V/nD CT Op 0 8 TJ 
V/nD 

0.60~ 0,0216 0.0322 1.379 0.465 
1.099 

.642 .0437 .0446 1.198 .689 
1.067 

.1194 .0630 .0544 1.063 • e8l'I 
1.02:5 

.1If.:S .07'*4 .0621 .945 .694 
.976 

.40tl .0960 .0692 .844 .6se 
.028 

.468 .107'7 .0738 .771 .868 
.·883 

.416 .1198 .0783 .692 .6:56 
.836 

.372 .. 131ft .0822 • 51! .&94 
.788 

.3f.:S .1386 .C844 .&62 .S~ 
.742 

.297 .uu .0873 .48" .508 
.689 

.2~ .U74 .0887 .419 .458 
.638 

.102 .1707 .0916 .310 .358 
.!S815 

.113& 

.480 

.4411 

.382 

• &>15 

.20]. 

TABLE II 

Six-Blade Right-Hand Propeller 

2S- at 0.7l1 R 

0'1' Cp C. 

0.0391 0 .071~ 1.860 

.05151 .0815' 1.742 

.0722 .1008 1.620 

.089' .11.7 1.606 

.10152 .1277 1.402 

.1l8l1 .~7:5 1.:515 

.1347 .1"9 1.227 

.1485 .11161 1.143 

.16211 .1646 1.064 

.1777 .1726 .979 

.1897 .17?9 .902 

.2023 .18215 .822 

.21:58 .1858 .749 

.2271 .1889 .669 

.2331 .1901 . 620 

.2400 

.:: I .~ .2029 .419 .2411 L __ so.. • ... .2443 

TJ 

0.598 

.681 
, 

.733 

.760 

.7&4 

.7"1 

.701 

.749 

.738 

.709 

.680 

.648 

.616 

.577 

.1546 I 

I 
.471 I 

! 

.3fS2 I 

.238 

~'J 
.Z 
00 
N 
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TABLE II 

Six-Blade Right-Hand Propeller 

35· at 0.75 R 

V/nT' 
V/nD C'1' Cp C8 T} 

2.180 

2.128 
1 .589 0 . OM5 0.143! 2.3'8 0.615 
1. 5~ .0751 .1882 2.202 .689 

2.099 
1 . 512 .0861 .1807 2.130 .720 
1 . 4.81 .0948 .1908 2.060 .736 

2.054 
1 .460 . 1030 .1994 2.014 .754 
1.432 .1119 .2089 1.958 .767 

2.023 
1. 402 .1228 .2219 1.893 .776 
1 . 375 .1291 .2286 1.845 .777 

1.968 
1.340 .Hoa .2396 1.789 .790 
1.314 .1477 .2468 1.737 .786 

1.940 
1 . 286 .1576 .2567 1.687 .790 
1 . 247 . 1666 .2660 1.625 .781 

1.875 
1.221 . 1743 .2721 1 .585 .782 
1.184 . 1840 .2806 1.527 .776 

1.811 
1.153 .1927 .2880 1.479 .772 
1.120 .2009 .29U 1.432 .764 

1.749 
1 .058 .2150 .3038 1.344 .749 
.9n .2309 .3132 1.251 .730 

1.685 
.925 .2401 .3233 1.160 .687 
.855 .2364 .3251 1.071 .621 

1.644 
.724 .2400 .3300 .905 .626 
.518 .2520 . 34~ .642 .380 

1.602 .388 .2567 . 3512 .478 .283 
.241 .2546 .3578 .296 .172 

, I 1.528 

1.444 

1.331 

1.194 

1.087 

.936 

.736 

.678 

.339 

TABLE II 

Six-Blade Right-Hand Propeller 

45" at 0.75 R 

CT Cp C. 

0.0918 0.3068 2.767 

.1060 .3271 2.661 

.113£1 .3401 2.607 

.1268 .3560 2.528 

.1354 . 3707 2.470 

.1501 .3900 2.377 

.1578 .4044 2.329 

.1729 .4230 2. 228 

.1885 .4418 2.132 

.2046 .4590 2.041 

.2167 .4730 1.952 

.2259 .4810 1.899 

.2310 .4892 1.843 

.2369 .5012 1.751 

.2403 .5068 1.650 

. 2409 .6027 1.525 

.2440 .6038' 1.365 

.2471 .5046 1.244 

.254) .5108 1.069 

_2': 1_'198 
.838 

.2648 .6315 .655 

.2614 .5315 .384 

--

1) 

0.654 

.689 

.702 

.732 

.739 

.757 

.757 

.766 I 

.773 

.779 

. 771 

.772 

.766 

.722 

.685 

.637 

.678 

.632 

.466 

.370 

.288 

.167 

....j 

':z: 
0:> 
I\) 
f\) 

>-3 

~~ 
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TABLB II 

S1x-Blade Right-Band Propeller 

&&0 at ·0.7& R 

V/nD CT Cp C. Tl 

2.882 0.14&7 0.882 3.134 0.634 
2.817 .1628 .890 3.033 .864 
2.776 .172& .702 2.978 .682 
2.736 .1820 .720 2.920 .892 
2.897 .1897 .736 2.862 .698 
2.647 .1986 .747 2.804 .703 
2.692 .2101 .782 2.741 .712 
2.&16 .2247 .781 2.1540 .723 
2.470 .2330 .789 2.696 .729 
2.44! .2370 .7911 2.MO .728 
2. ,no .2411 .802 2.620 .724 
2.367 .2482 .808 2.468 .721 
2.312 .2611 .816 2.409 .713 
2.247 .2&&'5 .818 2.337 .696 
2.202 .2668 .817 2.290 .692 
2.178 .2113& .814 2.267 .678 
2.10& .2539 .806 2.198 .684 
2.038 .2&31 .792 2.1l52 .6&0 
1.982 .2619 .781 2.060 .631 
1.881 .2498 .769 1.989 .812 
1.822 .2484 .761 1.927 .696 
1.760 .2470 .764 1.866 .&76 
1.689 .2467 .748 1.792 .668 
1.621 .2468 .742 1.722 .&37 
1.684 .2462 .738 1.662 .622 
1.489 .24515 ;733 1.584 .499 
1.38& .2460 .726 1.478 .469 
1.138 .2446 .728 1.214 .383 

,900 .2436 .729 .968 .303 
.681 .2430 .729 .706 .220 
.Jll .2432 .727 .646 .171 

UBLEII 

Six-Blade Right-Hand Propeller 

61· at 0.76 R 

V/nD 0, Cp 0. 

3.981 0.2202 1.620 3.648 
25.889 .2323 1.628 3.1578 
3.807 .2420 1.633 3.499 
3.741 .2600 1.636 3.440 
3.686 .25154 1.537 25.388 
3.620 .264& 1.688 25.328 
3.860 .2725 1.6se 3.271 
3.610 .2784 1.536 3.227 
3.484 .2820 1.533 3.168 
3.371 .2860 1.627 3.102 
3.270 .2872 1.517 8.012 
3.200 .2867 1.504 a.9ro 
3.142 .2830 1.481 2.913 
3.0&9 .2800 1.461 2.84:S 
2.992 .2767 1.421 2.791 
2.942 .2720 1.397 I 2.764 
2.870 .26'7 1.3158 2.899 
2.820 .2820 1.~7 2.660 
2.766 .26625 1.30:5 2.821 
2.6625 .2478 1.258 2.M6 
2.IS79 .2428 1.224 2.479 
2 •• ~ .2:566 1.169 2.381 
2.311 .2298 1.1~ 2.2&8 
2.211 .2268 1.106 2.170 
2.036 .2176 1.081 2.018 
1.914 .S123 1.038 1.900 
1.889 .2018 1.025 1.683 
1.IS88 .1988 1.007 1.1588 
1.428 .1942 .996 1.429 
1.U8 .1876 .972 1.25li 

'l 

0.87. 
.&91 
,800 
.809 
.612 
.82'!. 
.6:51 
.ezo 
.632 
.629 
,ell9 
.609 
.800 
.600 
.580 
.673 
.669 
.662 
.6~ 
• Z52fi 
.l'Ilf 
.491 
.469 
.461 
.'1'7 
.3915 
.~tI 
.309 
.878 
.2Sl 

H 
Fe 
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N 
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TABLE III 

Tandem Propeller. 

Three-Blade Right-Hand; tl5- at 0.715 H; Forward 

Three-~lade Left-Hand: 15.2~ at 0.715 H; Rear 

115-Percent-D1ameter Spao1ng 

V/DD 
Op 

CT Cs 
R!I+LH RH-IB RH+LH 

0.704 0.0228 0.0:5151 -O.OO~ 1.377 

,&53 .0438 .0448 - . 0024 1.2115 

.602 .06415 .015156 - .0012 1.072 

.1567 .OB1:5 .Q642 - .000' . 964 

.1500 .10:5:5 .074.4. .0001 .8'1 

.476 .110B .0773 .0003 .794 

.426 .1273 .0843 .0008 .&gg 

.384 .1418 . 0887 .0006 .624 

.349 .1509 .09115 .0006 .156:5 

.311 .1617 . 0939 .0002 .500 

,274 .1719 .096' .000' .438 

.228 .183' . 0982 - ,0001 .383 

,176 .1940 .0990 - .0009 .280 

" 
0.457 

. 638 

.698 

.705 

. 694 

. 683 

.643 

.614 

.1576 

.1536 

.488 

.426 

.3415 

UBLE III 

Tandem Propellers 

Three-Blade R1ght-Hand; 215- at 0.75 R, Vorward 

Three-Blade Left-Rand: 24.15- at 0 . 715 H, Rear 

8.5 - Percent-~1am.ter Spao1ng 

V/DD CT 
Op 

Cs T) 

RH+LH RH-UI RH+LH 

1.120 0.0366 0.0689 0.01l1S 1.930 0.622 

1.078 .015:57 .0839 .006l1 1.770 .6QO 

1.037 .0720 .0986 .0039 1.6'9 .7157 

.988 .0925 .lle2 .00315 1.lI24 . 7Q:l 

.9'6 .1080 .1.1::72 .0026 1.431 .803 

.898 .12158 .1411 . 0023 1.3~ .800 

.849 . 1449 .11545 .0009 1.233 .7Q6 

.802 .11S90 .1636 .0000 1.152 .779 

.71515 .1741 .1735 -.0007 1.072 .71S7 

.702 .1887 .1823 -.0017 .986 . 726 

.6152 .2015P. .1906 -.0025 . 908 . 704 

.598 .2236 .1982 -.0044 .826 .674 

.15152 .2383 .20:52 -.0047 .7159 .639 

.490 .2526 .2068 -.0072 .671 .1598 I 

.444 .2603 • 2102 -.0072 .607 .5150 . 

.397 .2707 .2142 -.0090 .540 .wJ 

.303 .2806 I .2271 -.0102 .407 .374 
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'l'ABLE III 

Tandem Propellers 

Three-Blade ~ight~and; 2~· at 0.7~ R; Forward 

Three-Blade Lett-Hand; 24.8· at 0.7~ R; Rear 

l&-Percent-Diameter Spacing 

V/nD 
Op 

CT Cs TJ 
RH+LH RH-LH RH+LH 

1.121 0.0:574 0.0701 0.0020 1.908 0.&98 

1.081 .0550 .08~7 .0021 1.767 .694 

1.042 .0'757 .10:54 .0021 1.64:5 .76:5 

.998 .093& .116:5 .0014 1.&M .802 

.947 .1145 .1356 .0010 1.41:5 .800 

.904 .1288 .14117 .0005 1.:530 .800 

.8156 .1411:5 .1579 .000& 1.2:59 .788 

.806 .1628 .1693 -.0006 1.1150 .7711 

.756 .1782 .17811 -.001:5 1.067 .7116 

.706 .1960 .1888 -.0023 .984 .733 

.661 .2112 .1960 -.0029 .902 .703 

.601 .2275 .20:50 -.00:56 .826 .674 

.644 .2423 .2078 -.004.9 .7411 .6:511 

.4.97 .21543 .2113 -.0067 .678 .1198 

.449 .264.6 .2143 -. 0078 .611 .~64 

.395 .2736 .2193 -.0100 .~34 .49:5 

.307 .2780 .2294. -.0123 .412 .372 
_____ L- -----

'l'ABLE III 

Tandem Propellers 

I 
I 

Three-Uade Right-aandj 2~· at 0.715 R; P'orward 

! Three-Blade tett-Hand; 25° at 0.7~ R; Rear 

30-1ercent-Diameter Spacing 

V/nD 
Op 

CT C. TJ 
RH+LH RH-LH RH+LH 

1 .121 0.0:S7I5 0~0712 -0.0026 1.902 0.591 
I 
I 

I 

1.070 .0609 .091:5 - .0011 1.727 .714 

1.028 .07915 .1080 .0008 1.606 .760 

.981 .0976 .1215 .0010 1.496 .787 

.949 .1129 .. 1350 .0008 1.418 .794 

.899 .1:511 .1486 .0005 1.318 .793 

.8150 .1481 .1614 - .0001 1.2215 .780 

.803 .1640 .1705 - .00011 1.3.44 .772 

.756 .1810 . 1808 - .0009 1.0611 .766 

.706 .195~ .1896 - .0011S ,984 .727 

.648 .2132 .1980 - .002!5 .e96 .698 

.!594. .2296 .2036 - .004.0 .816 .670 

.1545 .242& .2094 - .0052 . 74~ .632 

.499 • 254!5 .2119 - .0066 .681 .1599 

."9 .26~0 .2169 - .0087 .610 .1549 

.394 • 272!5 .2270 - .0108 .530 .4.74 

.309 .2768 .2368 - .0137 .412 .361 

~ :z: 
Q) 
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TABLE III 

Tandem Propellers 

T~e-~lade Rlght-aandi ~5· at 0.7& R: Forward 

Three-Blade Lett-Hand; ~ •• ~- a t 0.75 R; Rear 

10-Percent-Diameter Spa,ing 

V/nD °7 
Op 

C. " RH+LH RH-LH RH+tH 

1.807 0.0574 0.H&8 o 0150 2.~61 o ~2 
1.&61 .OB04 .1697 .0120 2.227 .140 

1.61:5 .100:S .19:51 0104 2.102 .786 

1.443 .1243 .22:56 . 0070 1.947 .803 

1.~94 .U21 . 2423 .00&2 1.8&1 .818 

1.~& .1598 2620 .00:52 1.7t 8 . 820 

1.278 .1811 sa 20 .001l 1.849 .821 

1.218 .1992 .2991 - .0009 1.6&2 .913 

1.146 .2198 .nOl -.00~2 1 . 445 .799 

10B2 .2lW8 .~300 - 0045 l . ~fi:S .782 

1 006 .2588 .~457 -.0066 1.246 .763 

.942 .2719 . 3662 -.008:' 1 169 .719 

.866 .2816 .3672 -.0132 1.059 .664 

. 796 .2860 .~725 -.0191 .972 8ll 

.715 .2939 . ~:S6 -.02:51 .868 .048 

.6:59 .2998 .3925 - .02M . 770 .ole8 

.682 .3048 .3975 -.0267 .700 446 

.490 .3132 .4064 -.0279 .1588 • ~78 

.426 .3190 .4145 - 0287 .508 .328 

TABLE III 

Tandem Propellers 

Three-Uade flight-Band; 40- at 0.75 R; Forward 

Thr8e-~lade Eet~aand; 48.S- at 0.76 R; Rear 

l&-Percent-~iamet.r Spacing 

V/nD °T 
01' 

Cs " RH+LH lUl-LI! iQi+LI! 

2.236 0.08&7 0.2850 0.0200 2.875 0 . 6BO 2.148 . 11615 .:53:51 .0172 2.680 .751 
2. 081 . 14011 .3680 .0l:s6 ih&44 , 79& 
2.018 .1699 .3980 .010S 2.428 .816 1 926 .1862 .4325 .0034 2.275 .824 
1.851 .-2046 .4583 .0003 2.172 .8:51 
1.767 .2304 .4940 -.oon 2.031 . 825 
1. 680 .2520 .&210 -.0088 1.912 .812 
1 . t97 .2720 .5420 - 0106 1.60& .802 
1.&1 ' 284& .5590 - 0127 1.704 .773 
1.436 .2111515 .5690 -.0196 1.609 .740 
1.3&4 .2982 .5780 -.02&7 1.1513 .6~8 
1.261 .3014 .15780 - . 0295 1.409 . 658 
1.186 .3020 .~780 -.0324 1.324 .619 
10119 .3040 ~15791 -.0339 1.249 .588 
) .046 3070 .5860 ~ ,0380 1.164 .649 

.970 .3ll7 ~15918 -.0374 1 . 077 .1511 
,868 .3176 .59715 ... 0386 .962 .482 
.793 .:5228 .6020 -.0400 .877 .4211 
.688 .3300 .6140 .0418 .788 .370 
.&58 .l5l568 .6260 .043's .624 .306 
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• 

TABLE III 

Tandem Propell er. 

Three-Slade Right-Hand; 55° at 0076 R; PoMral"d 

Three-Blade tett-Hand~ 63.1' at 0.76 R; Ke~ 

lS-Peroent-Diameter Spaoing 

V/nD °T 
Op 

C. T) 

RH+LR RH-IB RH+LR 

2.930 0.1756 0.878 0.0286 3.171 0.762 
2.827 .1996 .722 .0197 3.022 .781 
2.761 .2182 .768 .0182 2.913 .794 
2.892 .2325 .780 .0117 2.8:50 .802 
2.823 .2494 .807 ,008'1' 2.740 .811 
2.643 .2874 .831 .0028 2.840 .819 
2.422 .2898 .863 -.0062 2.494 .813 
2.3&9 .3005 .87& -.0098 2.423 .809 
2.277 .3104 .888 -.0161 2.329 . 798 
2.226 .314'1' .894 0.0204 2.274 . 783 
2.1&8 .3182 .897 -.0282 2.203 .768 
2.072 .3180 .892 -.0410 2.120 . 739 
1.930 .3150 .874 -.0487 1.982 .695 
1.823 .3138 .863 -.0526 1.878 .663 
1.741 .3122 .864 -.0517 1.797 .636 
1.685 .3108 .843 -.0622 1 . 723 .614 
1.522 .3080 .831 -.0632 1.&80 .564 
1.423 .3067 .828 -.0631 1.479 .627 
1.331 .3068 .826 -.0527 1.3a. .496 
1.237 .306:5 .827 -.0528 1.287 .468 
1.131 .308& .836 -.0628 1.174 .417 
1.017 .:5090 .837 -.0532 1.055 .376 

.888 .3095 .847 ~.05t0 .918 .325 

.718 .3150 .864 -.0607 .740 .262 

TABLE I11 

Tandem Propellers -

Three-Blade Right-Hand; 85' at 0.75 Ri Porward 

Three-Blade Lett-Hand; 62.&' at 0.75 R; Rear 

16-Peroent-Diameter Spaoing 

V/nD CT 
Op 

0. T) 

RH+LH RH-LH RH+UI 

3.981 0.2935 1.583 0.0443 3.640 0.747 
3.845 .3134 1.6114 .0320 3.496 .754 
3.759 .3270 1.60/5 .0236 3.417 .768 
3.638 .3'50 1.620 .0132 S.304 .778 
3.492 .36:50 1.622 -.0021 3 u171 .782 
3.414 .3698 1.628 -.0110 3.097 .775 
S.U4 . 3773 1.623 -.0197 3.010 .771 
3.177 .3790 1 • .1598 -.0383 2.888 .754 
3.047 .3732 1.5S9 -.0524 2.789 .729 
2.941 .3849 1.616 -.0629 2.707 .708 
2.858 .3570 1.470 -.0736 2.653 .894 
2.693 .3390 1.409 -.0821 2.619 .648 
2.666 .326& 1.364 -.0846 2.412 . 61l0 
2.438 .31~ 1.298 -.0841 2.309 .587 
2.311 .2990 1 . 247 -.0842 2.215 .5&4 
2.231 .2912 1 .221 - 0814 2.146 .532 
2.129 .2771 1.179 -.0780 2.061 .500 
2.025 .2677 1.1~5 -.0756 1.969 .470 
1.872 .2614 1 .122 -.0744 1.833 .432 
1.752 .2551 1.116 -.0720 1.717 .404 
1.650 .2510 1.108 -.0707 1.617 .377 
1.538 .2485 1.100 -.0692 1.511 .344 
1.429 .2460 1.100 -.0712 1.404 .322 
1.333 .2453 1.09:5 -.0712 1.3ll .299 
1.227 .2441 1.092 -.07!4 1.208 .274 
1.131 .2420 1.090 -.0794 1.113 .2&1 
1.010 .2432 1.102 -.0844 .992 .223 
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Figure 6.- Thrust-coefficient, power-coefficient, and efficiency curves for 
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Figure 10.- Design chart for six-blade propeller. 
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Figure 13 .- S~mmary of results at maximunl effici ency. 


