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SUMMARY

In conjunction with a series of tests requested by the
Army Air Corps on a new get of tapered rotor blades, of
NACA 230 series section and built for the Kellett YG-1B
autogiro, it was convenient to supblement previous studies
of the region of stélled flow on rotors by making photo-
graphlic observations of the flow over the blades in‘flight°
These observations are described in this reporto It is
shown that the meximum radius stalled on.thé new rotor
increases more rapidly with tip-speed ratio than was true
on the rectangular-blade, GSttingen 606 section rotor ﬁréo
. viously tested on the same ship, though the increase in
importance of the stalled reglon 1s not as decisive as
considération of the change in section would suggest. The
increased loss in the stalled region is felt to be at least
a ¢ontfibuting cause in the falilure of the new blades to

increase the top speed of the machine.
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INTRODUCTION
T a previous resort on stalled flow over rotor blades
{yeferenee 1), experimerts were described which Indicated
that this stelled flow is of more lizrortance to the efficlency
of rotorcraft than would be antleirabed from thmor vtical treat-

ments of the subjceb; tre experimentally deternmined rejiong

C..xv.-

£}

vere murkedly larper then the theoretival rerions, In a

susequent paper (refercnce 2) the amount of povwer reprezentad

by the siullied rezion at the higher Lip=-sieed ratios was cale

culaled, 1t was shown lu the theoreticsl sortion of this

(9

raper that Luhe power loss calculaied derends yulte critically
or. the angle of attack abt w-oich the .lade section ls assumed
to stall, Tre angls uged is ginm 1y the atallin ang ls at

the aspropriale Reynalls numoser ss obiained from static tests;
there is no gzusrantee that the conditions of Mow in the rotor
will not alter the roloilve stelling anles of cdhe varicus '
gections, The eujerlmtJtal data'of refcrence 1 covered only

one alrfoll section and aence did not indicate vhethesr or not

the assusptlions of the loeory are vallid in this respecty
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1% was found poasible to attach tuft

faces without interfering with blade &.
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thus obtain records o9f Lhe {low over Lhwese

those oltained for the srevious set ¢of blade
to ~roviding furither comgarisons wlitnh
that the tuft recor's might veveal
tlades, with theirAlowe?'érag
xmachine.

sneed of the

Trig rerort desc
from

Va, , during November 1939,

APPARATUS AND TESTS
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The machine used in these tests wasm

abo lrvo eguipped with

The t
the rotor to 12 inches st the blade tlp,
nes g from 186
These f gureg are basad on extensions of

linearly taperling portion of the blades, the

gultably modified. The modification of the
220 serles section ctuslsts in reslexing the
of the

trailing edze 0,86° to obtain

the Liade sotion of

rent
g to the

Stion observatio

theory, it was
the resgon that
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vlades taper in plan form from 1L loches

the o

alrioill aectiosn
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and
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exrected
the new

add

to, the top
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ribes the analyslis ol and coneclusions

these tuft records, which were obbained at Langley Field,

the Kellett Y0=-1B
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at the tip.
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standard NACA

last l% inches

zero moment coefficient,



Streaneirs, soms woeol and some §ilkg were mounted oun one
of the blaZesg at various radil, The sily tults vere mcunted
in palrs ¢s described in reference l. Tne wocl tufts con=-
sisted:ef gingle strands of wool yarn l% inches 1long; slaced
Cirectly behind one another at intervals of 2 inches. A
motionericture camera was mo.unted on the rotur b aiming
cubward over this blade. The camera rotated with the bludes
and took about 10 pilctures zer revolution. The ezimuth
pogition of the cemere and the blade at the instant sach
;icture was btaken was established by meens o a line on the
film, breaks in which indicated that contacts on the roter
hub et one of six kncwn simuths had been qrassbde Becords
about 4 szecconds in length were taken at indicated uir spéed&
from 4C to 110 willes per hour, corresponding to tip-speed
ratios from C.15 to 0.35, The f1lizht eltitudes ruan_ed from

1800 to 3500 feet, Records were takem in level F1lisht and

i

G

then duplicated in glides.



The records were analyzed just as descriZed in reference 1.
Pigure 1 shows the azimu.h angles at wiich the flow changed
from unstulled to stalled and vice veraa [lotted a_alnst
tip-speed ratio. Pl.ure 2 shows the oubter boundarics of tha
stailed areas at four tip-speed ratics, as obtalned by
CPGb¥°pLOLb g from the curves of fi ure L, ¥or comparlson,

the corressonding curves for til.=-speed ratiocs of 0,20 and

[

0,35 respectively as obitained

or
Jued

&

n the eXp imcnte of reference
on the rectancular blades, are included, As & matter of
intereet, four vecords were analysed which were taken during
right and ieft bankse. These records were a part of the serles
described in reference 3. To eveid confusion the valuen
obtalned are plotted in a sepsvate figure (fig., 3) along with

the arproprizste porticms of the felred curves of figure L,
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DISCUSSION
Plgure 2 affords a comparison betwesn an alrfoil whoss

s - 2 Y

static sialling angie is 19 7" and ome wavse static stalling

foto

ﬁngl@ is about lﬁﬁq Unfortunately thers are other diffcrences
ag well, the rotor with the 18° stalllng'angle teing tupersd
in both plan and_éectian whersas the other g zo - tan alers in
both plan and section. The 130 VQlue for the %tarered vlades

is the wvalue at 0.7 radius for a n@WﬁOLdﬂ number of about

1,800,000, wihiich Reynolds mmber correagponds 4o a tirespeed
8 s 5 & i D=8p

w

ratio of 0.35 with the blade on the retreating sidse of
dislk, The effect of tas taser in secvion is to increase
the stalling amgle cue or two degrecs Loward the inboard
sections and rsduce Lt one or two dsgrees towaras the tip.

The eoffect of teper In ~1sm Torm weild be Feirt ehiefly through

Y«-—ﬂ

itg effect on inflow distribution over the dis Figﬁr@ 2
shows that bthe tajered lades stull ouh Lo a distinetly larger
radius than the rectangulary ones; they appear equal or superior
to the rectangular bledes fertuer inboard hovecver, & rcsult
wnich is phrtially explainable by conslderation of the taper,
Inasmueh as the lerier radil represcnt relatively greater
power loss (see fig. 3 of reference 2) the stalled region is
conguming move power in the cese of the tapered blades than

in the case of the rectangular blades, Uaing the contours.
of fizure & together with the cnartsg of referemée 2, it spreavs
tbaﬁ;aﬁ o= 0,30, the stalled area sccounis for ro ubhl 10

percent ol the rotor drag in the case of the tapered blades,.
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Fijure 4 shows the rates of increase of the maximanm
racli stalled with tip-speed ratlo, It may e noied that,
according te the extrapclation of the test solnts, the tapered
blades are cstalled neariy to the tip ut the top speed of the
machine, o>r ot & velue of p of sbout C,40. This confirms
tne 1dea that increased power 1oss in the st&lléd resion lsg
g factor in the fallure of the new blades to increase the

v

tor speed of the machine. The extrapolation is felt to be
congervative because {1} theory shows the rate of increase of
maximum radius stalled to be greater than linear, and (2}

the rate of decrcase of stalling angle with radius, for the
Laterod blacdcs, becomes greatbter us the thin =ecticns of the
ti; are recached,

Fi ure 3 compares stalling and unstalling velues obtalaned
durlng manuevers, specifically xight and left banks, vlilth thoe
faired curves obtained from gteady-L1i, ht data. The records
teszen during manuevers were more difficult to eveluate
accurately because the tipe-speed ratio chenged throughout the
record; nevertheless it Is felt that the check is aulficiently
good o Indicate that the Loundariss of the}stalledlregion
remaln approsimetely normal Juring mancuvers The changes
from uastalled to stalled and vice verse ajpear to come a
1ittle ecarlier than nommal “uring the ri ht bank and & little

later than normal Juring the left bank, but the deviatlons are

not deciglve and furithermore do nod chenge. the area included
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Comparison of figure 1 of this roport with figure 2 of
refarence 1 will show that the scatter ol the valvea is

con:ziderably less in these btests, Further, it was found thsl

2

the values were Cdupllicabed gull

te closely when ‘he records were
resread, within about 5° in azimth for the mosd
arte 1t was alsc noted that the values for the lides

almost Cuplicated the covrresoonding level-fli ht tests, cven

‘,\

when both fell somewhat off the faired curve, This increascd
accuracy resulits from several sources. Firat, a fastér ghutter
gceed was used on the camera; wlith clearer plcbtures resuliing,
Second, the use of & built-in tinming desviece instcad of flying
away from-the sun resulted In clearer pictures becauss the
fli_hts were made with thé gun morve directly overhead, and:

also resulbed 1n nore accurate determination of azimuth velues
by reascn of reguiring leas interpolation. Thirdﬁ the wool
yarn tufts tried proved far superior to sllk ribbons; their

rositions were less susceptible to varying interpretations and

“

they photograrhed mors clearly.
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CONCLUSIONS

1. The stelled region on thu ¥G-1B tapsred-hlade autogiro
. rotor becumes 80 large as to v@wrequnt an im-ortant fmebtor in
the rotor dreg at the hisher tipmspeed ratlos, thourh nobt the

tical factor &t the tip-speed ratios reached in taose bests.

2, The maximum redius stalled incroases morc repidly,

witli Incressing tip-speed rétio@ Tor tae Lapered

230 series sectlon than for the rectangular blades of G5%iingen
808 section, /

30 The increased loss in the stallad region is felt %o
be at least @ contribubting couse in the failure of the new
bladestc increcasse the top speed of the machine.

4, Tests on a lar; er numbesr of sections, and npreferably
with ewer secondary differcences between the rotors, will be
necessary vefore 1t will be vossible to sgtate whether the theory

gives the proper nicture of the Ilncreass of importence of the
stalled reglon with decrease in static stalling engle éf the

blade sectbione



L5 :_E)G =
5. Meneuvers, specificelly righl and laf¥ baukg, do noy
markedly affect the Loundaries of the stallied region cn the

aubogliro roior.

Langiey ¥emorial aserconsutlicel Laboratory,
Nationgl Advisory Cormittee for Aevonautlesn,
Langley Field, Va., September 17, 1947,
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