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SUMMARY

Thruss, torque and flapping angle have been mcasured on a 6 £t
diameter rotor over a range of blade angle, shaft inclination and tip speced
ratio for comparison with the 12 £t diamster rotor previously tested in the
2 £t tunnel. In addition to tests an the 24 £t tunncl, the 6 £t diameter
rotor was also tested in the No.2 113 £ tunnel to 1rrvest1gate tunnel
constraint. Brief investigations were made of support interference and
blade twisting.

There are small discrepancies both as regards tunnel corrections and
as regards the comparison of the 6 £t and 12 £t diameter rcters ir the
unsvalled operating range. Possible reasens are discussed bubt small un-

explained dlscrepancles remain. Blade stall:.ng has larger cffectsamthe 61t

diamever rotor but owing to the progressive nature of the phenomenon 1.6 is
not possible to define any precise limitvs to the ranges of validity of the
results on the two rotors.

N.L.L. No. 8, 71, 87, 125, 140, 124, 144, 89, 110, 90, 108, 76, 82, 122, 134
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1 Introduction

It was intended to test both a 6 ft diameter rotor and a 12 £t
diameter rotor in the 24 £t tunnel an order to assess the reliability of
model tests in a wind tunnel. The 12 ft rotor results sre reported in
Ref,41; the 6 £t rotor hes now been tested, both in the 24 £t tunnel and the
Wo.2 114 £t tunnel. The intention was to obtain a method of tumnel correc-
tions from the 6 £t rotor tests in the two tunnels, and then to compare the
corrected results on the 6 ft and 12 £% rotors. In the course of examining
possible reasons for discrepancies, blade twisting was mecasured under certain
operating conditions and brief measurements were made of the interference
effect of the supporting structure in the static thrust condition, The
experiments were made at various times belwcen January and April 195i.

2 Description of rofor and test eguipment

241 Rotor

The 6 £t diameter rotor (iig.1) had three blades which were untwisted
and of constant chord (3 in.) and section (NACA 0012). It was designed %o
be as nearly as possible, a half scale model of the 12 £t diameter rotor of
Ref',1. A detailed comparison of the two rotors is given in Teble II. The
blades of both rotors were constructed in the same way, and of the same
materials, the method of construction being intended to locate the C.G. of
the blades on the quarter chord lane, Table IT shows that the 6 £ blades
wore relatively 2.¢% heavier and 7.7% stiffer in torsion than the 12 £t
blades,

The hub incorporated flapping and drag hinges, with solid friction
damping on the latter. The ball bearing flapping hinges on the 12 £ rovor
wore very rapidly; in the 6 £ rovor, roller bearings of relatively greater
load capacity were used end showed no signs of wear after the tests described
in this note. It was not found possible to scale the 12 £t rotor hub down
to half size and Table II chows thot the overall diemeser of the 6 ft rotor
hub, including blade root fittings, was 17% of the rotor diameter compared
with 13.9,‘4 Tor the 12 f% rotor.

2,2 Test egquipment

The rotor was driven by a 6 H.P. electric motor which required a
reduction gear box with a rutic of 13.86. The torque was measured in the
same woy as on the 12 £t rotor, by mounting the metor and gear box as a
uriit on ball bearings inside an outer casing and restraining this umt by
means of a radial steel spring fitted with strain gauges. 4n A,C, streain
gauge bridge was used. The gear box diameter was larger than desirable
because of the large ratic and the diameter of the outer casing was 11.5% of
the rotor diameter compared with 7.8% for the 12 £t rotor.

Rotational spced of the rotor was measured by means of a "condenser
bridge" operated by means of a commutator on the rotor shaft, Longitudinal
flapping angles were determined from photogrephs of the drsk taken from the
side of the tummel with a remotely coutrolled #/24 camera.

2.3 TInstallabion on wind turmel balances

The 6 £t diameter rotor was mounted on the upper balances of the 24 £t
and 115 £t wand tunnels as shown in Figs,2 and 4. In both cases the rctor
was inverted relative to the normal operating conditions of a helicopter.
Due to the weight of the blades, the coning angles are larger by about 0,1°

...)_I_...



than would be the cage with the rotor operating normally. This is little more
tnan the accuracy of the measurements, The 412 £ rotor was mounted on che
lower b.lance of the 24 v tunnel end was not imverced.

Exocrience with whe 12 £t rotor had shown the danger of very severe
vibration due to "ground resonsnce' if the rocational speed of the rotor
corncideld vath a natural frequency of the supporting scructure. Before running
the 6 L't rosor, che maan geruccural frequencics of the supporting systems were
chiwrefore invesognted briefly with a hand held vibrogreph. 1t was found thav
the anpropriate modes had frequencies around 6 ¢.p,.s. compared with about 18
r.p.s, of the rocor. The roscnance while passing vhrough the critical speed
vas noclceable but quiie acceptable, Tho forward speed was limived by vabra-
tion ouly at @45 = 12° and shaft inclinations of 0° and 5°, othervase the
rocor ran very smoothly at 1100 r.p.m,

3 method of west and presentation of results

The iests vere mads at 1100 r,p.m.* giving a tip speed of 346 fi/sec and
a tip Reynold's number of 0,54 x 106, wilch the exception of the hgher blade
angles in the stasic condition when rotvational speed was limitea by the power
avarldrle (Table III). U®ith fixed values of blade angle and shaft inclination,
readings of lifv, drag, and sorque were taken at vand speeds of 36, 70, 106
and 140 fo/sce, corresponding co epproximate tap speed ratios of 0.1, 0.2, 0.3
aad 0.k, Phogogrophe were also teken an each case from vhich the flapving
anples were measured., The laft end drag readangs were corrccted for the tars
Jail'ts and arags of the rig vashour rotor and for the rotor weirght, and
resolved oo give thrust and force in vhe planc of the disk, A nonenclature
dragram i3 given in Iig.,5., The thruse and vergue cocfficients and flapping
angles cere plotecd against 1ip speed ratio and values read off at standard
¢L) speed ratlos, Thas procedure was repeated for shafv inclinations of 0°,
59, 40%, 159, 20° and 25° av blade angles of 4°, &2 and 12°,

Bome extra toests over a wideor range of blade engle verc made to establish
the rover characterisvics ln the static thrust condision.,

The flappins angles guoted throughout the present ncte are defincd by
cne follovwing equation;

B = ap - &4 Q05 v o= b1 ERI G

wvhere 18 the blade flappung angle measured frem the no feathering plane
(1my.5) vhen the posicion of the blade in azimuch 1s y measured from the
dovir-ind posiglon, positive in the darection of rotavicn, and aq is the
longieudinal {lepoing angle or backward talc of the disk,

Ihe resulcs of the Tests on the 6§ ft rovor are given in Tables I1I ta VI,
In tne rigures, meesurenents on the 12 £t rovor of Ref.1 and calculated curves
{para %) have been plocted for comparison where apprepriace,

* The 12 £ diamcter rotor was tested at 600 r.p.m.

The 6 f¢ rocor was designed to run at 1200 r,p.m. but the motor nower
susply was remove from vhe 24 £t wand tunnel =nd the resistance of the control
lecads made 1t impossible to achieve 17200 r.p.m. with a reasonsghle coentrol
margin, The speed was thererore reduced to 1100 r.p.m. and the some speed was
used in the 11 £1 tumnel.



As explained in para 7.1 it has been found best to make the
comparisons between the two rotors and theory by presenting the results as
functions of d.sk incidence. (Shaft inclination was used in Ref.1).

All of the results have been corrected for tumnel constraint (para 6)
and support interference (para §).

L Yormulae given by theory

The caloulated results quoted in this note are based on those given
in Ref.2, The following formulac were used:

Thrust coofficient

0w G |24 flouly 2k L\ /1=0 2
SRR s
+ 15 1 +15 u

R
]

Torgue coefficdent

- 2 2
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CQ = 0%2(1+p2)+1-1%')\_

Longitudinal flapping angle

8 o "'00751.
8y = 3p<_9...___>

1+ 1.5 11.2
Disk incidence
C
tan id g e - I T
b {2 2\2
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For zero wind speed these formulas reduce to:

2
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0. = blade angle in radians

o = solidity (= 0.0796)

. V cos iS
u = %tap spced ratic
R
AnoE =
QR
a = 1ift curve slope per radian
5 = mean blade profile drag coefficilent.

Tue above theory is approximate; 1t assumes uniform induced veloclty
{except that the factor of 1.1 applied to the anduced forque coefficient makes
some allovance [or non~unilormity of induced velocity) and it mekes no allow
ance for tip loss. The oppropriocte values for a and § have been deduced
from the measurements of thrust and toerque an the static econdition. A value
of 4.9 for o has been uscd; PFig.b chows that tlis gaves calculated thrusts
vhaich are in agreement wiih the measured thrusts of both 6 £t and 12 £t rotors
cxcepy noar the otall. The smzll dfferences 1n stabic torgue (F:Lg.?(a))
result in separate ocurves of 6 for the two rotors {Fig.7(b)). Tnese curves
Love been used in crleulating the fcrques wath forward speed opplied, i.e, for
the purposc of the caleculations the discrepancy in torque 1s assumed to be due
to @ifsrences an vhe profilc drag coefficients of the blades., Thas dis-
crepancy in corque may olbernatively be attribubed to o dafference in the
dasctrabution cf induced velocity between the two rotors., Thus, applying
fretors %o the induccd torque coefficient of 1.17 for tne 6 £t rotor and 1.10
icr the 12 £t rotor brings the profile drag curves ol Fig.7(b) anto close
cgroement.  An increase in the profale drag coefficient of the blades 1s to be
expected ab she lower Reynold's number of the 6 £t rotork, A change in the
digrrabuvion of anduced velocity seems less lukely but thus explanation 1s
supported by the shopes of the curves of & in vxg.7(b).

Analyzis of the svatic thrust data by means of strip theory, whnch allows
for the dracribution of induced velocaity and for tip lcsses, gives a value for
the two dimensiconal 1ift curve olope of 5.4; this value agrucs reasongbly with
the deca of Pel . Relative to the value of L.9 used in the approxamate theory,
about 2/5 of the daffercence 1s due to non-uniforuity of induced velocity and
the rameander o tap locses.

5 Static thrust and toraue

The statlc thrust measuremerts on the § £t rotor were made an the 24 £t
tunricl with the rotor axis horizontal and a tarpaulin hung over the tunnel fan
so provent Tlow round the tunnel., The results are given in Table IIT and
plotted in Figo.b and 7.

Intcrference of the supporting structure was invectigatcd in the static
thrust condition by attaching dumay support tubes and a flat collar round the
motor casing, as shown an Iag.3. Tne dummy support tubes reduced the vhrust
by 1.3k and increased the torque by less thon 0,5%. The ¢ffects of the collar
were too @usll to be measurcd. It 1s assumcd that the same correctacns wall
apply 12 uh Forward speed and all of the thrust measurcments given In this note
hove been increassd by 1.3 to correct For support interference,

._.7_.



In Ref,1 the thrust measurements on the 12 ft rotor are increased by
4.5% to correct for support interference, ~n the basis of an experiment in
which the loss of thrust due to a plank of flat section under a rotor was
measured”, The present tests indicate that this estamate of the correction
is excessive, for two reasons: the effect of a blockage near tne centre of
the rotor is negligible, and the effect of round tubes is less than that of
a flat surface. Using the new data it is estimated that the loss of thrust
due to the supporting structure of the 12 £t rotor was 0.5% wath the rotor
axis vertical and 2,25 with the axis horizontal. In the experiments the
difference in thrust in the two cases was less than the accuracy of the
measurements, In the present note, therefrre, a correction of 41.3% has been
applied to the thrusts of the 12 ft rotor.

Fig.6 shows that the static thrusts of the 6 ft and 12 ft rotors are
in good agreement except near the stall., The 6 £t rotor stalls at a blade
angle about 1,5° less than that of the 12 ft rotor.

The static torques of the two rotors are in faarly good agreement as
shown in Fig.7(a). The small differences have been discussed in para k.

6 Wind tunnel corrections

It was found that, at the same geometric shaft inc:l:n.:nat:i.ons!T the 6 ft
rotor gave values for thrust and tarque sbout 5% higher in the 11; £t
tunmel than in the 24 £t tunnel., Tunnel constraint corrections were then
applied as follows:

(a) In the 24 £t (open jet) tunnel the effective shaft inelination
(or disk incidence) is greater than the geometric inclination by an amount:

, 1 8 .
Al = g G CL radians.

(b) 1In the 113 £t (closed) tunnel the effcetive inclination is leas
than the geometric inclination by an amount:

Cr, radians

where S ds the disk area, C 1is the area of the tunnel cross section, and
C1, is the vverall 1ift coefficient:

Cr, = .__EEL‘___

2 2,
KL sec ls

Results obtained in the two tunnels, corrected in this way, are
compared in Figs,8, 9 and 10. It will be seen that the discrepancies in
thrust are closely accounted for by the tunnel constraint, The discrepancies
in torque are not removed by any such incidence correction. This implies
a change in the distraibution of induced velocity due to tunnel interference,
The flapping angles are generally sbout the same in the two tunnels except
at 8, = 12° when the flapping is about 0.4° less in the 11% £t tunnel.

The &bove corrections to incidence have been applied throughout the
rest of this note, but no attempt has been made to apply any empirical
correction to the torque.



7 Comparison of 6 £t and 12 ft rotors and theory

7.1  Tlavping and coning angles

F1g,47 shows that the measured flapping angles are larger than those
coleulated, and increase more rapidly with blade angle and tap speed ratio
thon the aoproximate theory indicates. Judging from previous tests1:5, the
approximate theory does nov predict flapping angles accurately, The com~
parison between the 12 £t and 6 £t rotors shows that the 6 f't rotor has
flapping angles sbout 0.5° greater than the 12 £t rotor. An empirical tunnel
correction bascd on the data of Figs.0-10 increases the disegrecnenc, This
discrepancy between the tests on che two rotors is serious as no reason for
1t has been found.

The thrust and torque of a rotor ave determained by the incidence of
the disk; the ehaft inclination s of livile sigmificence. The results ars
therefore prescnced as functions of the disk incldence, which removes any
d1 screpencies an thrust anéd torgue due to differences in flapping angle.

Coning angles cf the & It rotor measured in the 24 £ turmel are grven
in Tables IV-VI, These results can be well represented by:

a, = h.L CT radians

dch 18 in good agrecmen® wath the relation obtained for the 12 £t rotor.

7.2 Thrust cocfficients

Thrust coefficicnts measured for the 6 £ and 12 {'v rotors in the 24 £t
tunncl arc shovm ain Fige.11, These resulis are corrected for support inter-
foronce (Section 5) and twinel constraant (Section 6). Celculafed values ars
also gaven for comparison

Under conditions remote from tnose which cause stalling of the retreatb-
wng blade, (z.e. av low values of the blade angle and tip speecd ratio and
high valucs cf the dask incidence) the measurements are in feair agreement
with the calculations, slthough the thrusts measwred for the 6 ft rotor are
hngher than those for the 12 It rotor by an smount corresponding very roughly
to 0.5° of blade angle or 1.5% of disk aincidence, ‘“ris discrepancy canmot be
sasasfactorily cxplained. Blade twisting is discussed in this conncetion in
para 8.

The cnset of stelling of the retreating blade is shown by the divergence
of the shrust from the calculated value at high values of the blade angie and
tip specd ratio and low values of the disk incidence, As already pointced oub
in Refel, the coffcets of stalling are progressive in character so that it is
not pcssiblc to deduce a simple stolling criterion. Samdlarly, 1t 1s not
possible to say with any occertainty that the stall occurs "earlier" on the 6 ft
rotor, although the loss of thrust i1s certainly greaver on the 6 ft rotor than
on the 12 £% rotor under conditions where appreclable blade stalling is
obviously occwrring.

7.3 Torque coeffacients

Torgue coefficienvs are plotted in Fig.12. The disk incidence is
corrccted for tummel constraint (para 6). Calculated curves {para L) arc shown
far comparlson.



Except under conditions causing blade stalling the measurements are
in fair sgreement with the calculations., The 6 £t rotor generally has a
higher torque than the 12 £% rotor, This was also the case in the static
condition and the reasons are discussed in para 4. The same remarks apply
to the resulss with forward speed applied.

Stalling of the retreating blade is shown by an increase in the
torque sbove the calculated values at high values of the tip speed ratio
and blade angle and low values of the disk incadence. Under conditions
where an appreciable part of the retreating blade 1s obviously stalled,
the vorque of the 6 £t rotor i1s much higher than that of the 12 ft rotor,
but, as in the case of the thrust, it 1s not possible to say whether or not
the stall begins to have significant effects at afferent conditions for
the two rovors.,

7e4 Forces in the plane of the disk

Forces in the plane of the disk are small and therefore of little
practicel importance, Results obtained on the 6 £t rotor in the 24 f{ and
115 £t tunnels are plotted in Fig.1k. It is of interest that the force in
the plane of the disk is negative (i.e. directed, forward instead of back-
ward} in conditions in which a stall would be expected on the retreating
blade. This phenomenon was noted and discussed in Ref.1. The present
results are more complete and show less scatter.

8 Blade twisting

Blade twisting was measured on the 6 £t rotor in the 24 £t tunncl
by fitving a small mirror in whe leadang edge of one blade, near the tip,
and observing the position of the reflection of a point source of light,

Under static conditions tests were made at blade angles of 4°, 8° and
120, The results are shown in Fig.15. The twisting is small and negavive
and varies rather erratically.

Tests were also made at 8 = 87, ig = 20° and u = 0.3 (which
gives roughly zero thrust). The results are shown in Fig.16. The twisting
1s again negative and is considerebly larger than in the static case; there
1s some variation around the disk.

Thesc resultvs can be explained as follows, Blade twisting 1s caused
in two ways:

(1) The so=called "propeller moment', due to centrifugal forces on the
blade, tends to bring the blade chord lines into the plane of rotation,
For the present models the equations given in Ref.3 reduce to:

AB, =

2
I sin 29
o -4 - 5n <0 (R -

hegk

R0)2 radians

(ignorlng the moment of inertia of the blade section about its major axis)
where AOQy 1is the twist of the blade at the tip*,

* A1l values of the twist (measured and czlculated) quotced refer to the
tip of the hlade. The twast at 0.7R 1s about 80~85% of the value at she
tip.

- 10 -



(2) Laft on the Llades tends to increase the blade angle if the C.P. is
shead of the C,G, Tor parebolic lift distribution:

23 2 3 L
x ¢ ] R R R
p0 L ,/_RF - ° . 2 radians
oK \ 4 3 12

59

where  x 15 _the distance of the C.P, ohead of the C.G. (an terms of the blade
ciord) and Cp, is the blade lift coefficient. It 1s difficult to measure
aceurately the blade C.G. position without spoaling the blades for further
rotor tests and the measwrements given in Table IT must thereforc be regarded
as spproxamate. Volues for the C.P, position are gaven an Ref.L and guoted
in Jable I1. It appears thac the C.P. i1s esbout 25%czhead of tho C.G., on the
6 £t rovor blades und about 1% ahead on the 12 £t rotor blades.

Values of the twist calculated for the 6 Tt roter in the static con-
dition at 1100 r,p.n., are gaven an the following table:

50 Aer odyninnc ; Co. Twost Total Twist
o | Tmaw () | (9) (°)
4 +0,12 l -0.22 -0,.10
8 +€.).52 i —'O.L}l{- "0112
12 E +O-56 i "'0.65 —0009
i ! i

The twiste due to the wcrodynamic and centrafugal forces are opposite in sign
and o' the same order of magnitude. The resultant twzsv is small and negative
and is thercfore in qualitative ogreement ot least with the measurements. The
irregular variations wath speed in the measurenents may be due to scale effects
on the C.P. position,

B 0, =8, ig=2° wmd p = 0,3 the thrust (and therefore vhe mean
110t on the blaedcs) s small. The dotted line an Fiz.16(b) 1s therefore calcu-
lated assuming no cerodynamic twaist. It wvill be scen that tne measured points
lie below the line (1.e. the reasuzed tsist 1s more negative then the calculated
value), There is probubly a dstribution of 11ft on the blades, producing twist,
although the overall thrusv is noarly zeio.

It hos elready been poinmtced oul that 1% is difficult to estimate
accurately the acrodynasic t.isting; the avaarlable data indicate that the 12 £t
rotor was mors closely mass balanced then the 6 £t rotor, and would therefore
be cxpected to twast slightly less positively. On the other hand, there is no
re.son to suppose that the tvisting due to cenbrafugal forces was &fferent on
the two rotors. The discrepancy in thrust (para 7.2) exists at zero thrust and
tacrelore connot toe attributed to differences in blade twisting,

3 Cornclusions

Cver the normal owperating ronge, therc are small unexplained diserepancies
between the measurenents made on the 6 £ and 12 £t diameter rotors, Blade
stalling has larger effcects on the 6 f§ rotor than on the 12 £% rostor, though
1ts onset may not be earlicr.



The tests on the 6 £t rotor in the 24 £ and 11F £t twmels indicate
that the usual tunnel constrainv correction to incidence is satisfactory so
far as thrust is concerned. Higher torques were measured in the smaller
{closed) tunnel. This discrepancy is not removed by the usual constraint
correction; this implies a redistribution of the induced velocity.

It is shown that, for the present models, blade twisting of the order
of 0,5% occurs due to aerodynamic and centrifugal forces, but that blade
twisting is unlikely to be responsible for the discrepancies mentioned above.
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TABLE I

IList of symbols and leading dimensions

Radius of rotor
Overall radius of hub (including blade root fitting)
Chord of blades
Number of blades

Solidity of rotor = Ne
~R

Blade angle (deg or radn)

Geometric shaft inclination (deg)

Tunnel constraint correction on incidence (para 6)

Shaft inclination corrected for tunnel constraint
= iSGr + 01 (deg)

Longitudinal flapping sngle (deg)

Lateral £lapping sngle (deg)

Disk incidence corrected for tunnel constraint

= g = ay (deg)

Coning angle (deg)

3,00 ft

i

1)

0.25 £t

= 0.0796

Blade position in azimuth (deg) measured from downwind position,

positive in direction of rotation
Angular velocity of rotor {radn/sec)

Punnel speed (ft/sec)

Component velocity of air at rotor dask parallel to shaft

Thrust (1b)
Torque (1b £t)
Force in plane of disk (1b)

Alr density (slugs/ft7)

v e
Tip speed ratio = 008 18
OR
2,
R

Slope of 1lift curve of blade section per radian

- 13 -



TABLE T

Mean profile drag cocfficrent of blade scction

Thrust coefficient = <
2 2 2
o O R =R
Torque coefficient = 9
p 22 &% = £°
Forece cocfficient = ¥ .
p 02 8% x R°
6CT
’ or/2
Stasic thrust elfficicney = iy
/2 CQ

Woment of 1ucrtia of blade section chout manor axas per foot run (1b %)

Torsional ragidity of blades per foos run (lb £t2/radn)

- 1Y =



TABLE IT

Details of 6 £t and 12 £ diameter rotors

. 6 ft dia 12 £t dia
Description Rotor Rotor
Motor casing radius 0.115 R 0,078 R
Flapping hinge radius CuO5 R 0.031 R
Drag hinge radius 0,090 R 0.066 R
Overall hub radius, including
blade root fittings. (Ro) 0.170 R 0.133 R
Measured blade weight per foct run C.282 1b 1,102 Ib
Measured blade torsional rigidity 25.8 383
per foot run. (KX) 1b ft</radn 1b £i¢/radn
Calculated blade section inertia
about minor axis per foot run. (I) 0.001044 1b 1% 0.,0167 1b It
Measured blade c.g, position 0,264 ¢ 0.250 ©
Estimated c.p. position. (Refal) 0.239 o 0,240 ©
TABLE ITII
Static coning, thrust and toraque - 6 ft rotor
N REM. | ao° 1090, | 109 n
=4 1100 ~0,05 =027 0,082 C.012
1.05 n U1 0.157 0,087 0.016
L L 0.8 1,60 0448 0.306
8 " 1.6 L2 0.367 0,566
12 " 2.8 764 Ce 743 0.636
14 1000 3.3 9.15 0.977 0e634
16 900 3.8 10.67 1.217 04641
17 850 4,05 10.99 1. 131 0.569
18 800 | 3.8 10.70 1.810 | 0.432 |

- 15 -




TABLE IV

6 £t Rotor characteristics 8y = 4°

_9L-

24 £t Pumnel 11 £t x 8% £t Tunmel
a® | a° 1% | 103cq 1030, po|ig” | a1 ig® | a® | 8° | 1g® | 10%Cq
0 0.8 - 1.60 0,148 0 - - - 0 - - -
107 1.05 -1 -I-F 5.35 0-15? O "'1 035 "1 035 - - - 5-57
1-6 009 3065 2-65 001}4-9 5 -1 3'9 '10’45 - 201}-5, 2.87
1.0 0.65 9.2 2.05 00‘1415- O 1 10 "'008 902 101 - 801 2525
0.9 0.6 14,2 1,48 0.138 ¢ 15 -0,55 | 14.45 | 0.8 - 13.65 1.59
0.7 0.5 19,35 0.82 0.119 20 ~0,3 19.7 0.6 - 19.1 0,91
0.5 0.25 | 2.5 0,18 0,091 25 ~0405 | 24.95 | Oubs - 24.55 .11
2.9 1.45 | -2.8 L5k 0.111 0 ~045 | =0.45 - - - L.75
2.4 1.0 2,65 2,98 0.150 5 0,3 b7 2.55 - 2.15 3,17
1,8 0uh5 8.25 1.39 0.136 | 0.2 10 -0.15 9.85 | 1.8 - 8.05 1,60
1.5 0.10 | 13.5 -0.10 0.081 15 0 15,0 1.1 - 13.9 ~0,09
0.6 | ~0.30 | 19,35 | ~1.82 | «0,016 20 0.15 | 20.15 | 0.55 - 19,6 -1.79
4.8 | 1.5 | =475 | 5.25 | 0.022 0 | ~0.2 |~0.2 | 5751 - | =4.95 { 5.37
3-6 0- 95 1.-’4—5 2.97 0.137 0 3 5 "'0015 2!--85 3.55 = 1-3 3007
2.3 0.15 7.7 0.42 0,110 . 10 0 10,0 2.25 - 7.75 0.59
1.2 | =0.35 | 13.8 -1,50 | -0,017 15 0.4 15,1 0.9 - 1.2 -2,08
4.8 | 0.8 | 0.2 3.02 | 0112 |4, 5 | ~0.05 | 4,95 4551 - 0.4 2,87
242 0.05 7.8 0.25 0.063 * 10 0 10,0 2.25 - 7.75 | =042
+ H | 1




TABLE V

6 £t Rotor characteristics 8y = g°

-} -

wo| sy | 837 ig 1g°  |10%0p | 10%cy | o igg 41° ig’ 10%Cy 103%
0 - - - - 4o42 | 0,367 0 ~ -~ - - ~
0 0055 0055 302 1.85 —2065 6.30 0!52{'0 0 -2-55 ""2055 3-1 6.7&- 0.31{-7
5 0'5 5 05 2.? 4« |8 2-8 5 I?B 0.353 5 "'2.3 2.7 2'9 6.08 00355
0.1 10 045 | 10,45 | 2.3 1.65 8.15 5.32 | 0.361 0.1 10 -2.0 8.0 2.3 - 5.57 | 0.362
15 Oud 154 2.0 1.65 | 13.4 b7k | 0.360 * 15 =175 | 13.25 | 1.9 - 5.02 | 0.377
20 035 | 20.35 | 1.75 1okt 18.6 k.16 | 0,348 20 ~1.45 | 18,65 | 1.9 - L34 | 0,372
25 0.25 | 25.25 | 1.6 1.3 23.65 3,50 | 0,332 25 -1,05 | 23.95 [ 1.6 - 3,68 | 0.349
0 0.2 0s2 | 5.8 L | 5.6 8,05 | 0.316 0 | -0.8 (| -0.8 {5.9 - Be29 | 0.336
5 0015 5-15 5.5 1 "'Oc35 6.89 0.333 5 "0065 4.55 5.15 - 7.01 00329
* 15 0.1 15-1 3065 55 11-’4—5 3-88 0.3314- ' 15 "'0035 12{--65 303 = 14'-13 0-349
20 0,05 | 20.051 2.9% 85 | 17.1 2.36 | 0.275 20 -0.2 19,8 2.85 - 2,41 | 0.292
25 0 25.0 2.7 22,3 0.59 | 0.145 25 -0.05 | 24.95 | 2.35 - 0.60 | 0,181
0 0.1 0.1 9.6 -9.5 8.85 | 0.430 0 -0 0. S5 - 2.20 | 0.420
5 0.05 5.05 | 8.0 -2.95 7.19 | 0.323 5 ~0.3 L7 7.95 7.23 | 0.350
0.3 10 0.05 | 10.05 | 6.2 3.85 4.91 | 0.319 0.3 10 -0,2 9.8 6.1 5.18 { 0.316
15 o 15,0 49 10.1 2.61 | 0.284 15 0.1 1449 L. 2.69 | 0,294
0 0 20,0 | 3445 16.55 [-0,08 | 0.107 20 0 20.0 3425 -0.04 | 0,117
5 0505 5005 1002 "'5-15 7.71 0.m2 5 "'0.2 24-.8 10.15 7.56 0-w6
Ou | 10 0 | 10.0 | 7.5 245 Le50 1 04290 | Ok | 10 | =041 99 | 7.7 4eb3 | 04299
15 0 15,0 | 5,2 9.8 1 1.09 | 0.214 15 -0.05 | 14.95 ' 5.1 1.23 { 0.243




TABLE VI

6 £t rotor characteristics g, = 12°

1% £t x 8 £t Tunnel

>
[rN
&)

ig°

103

1050Q

. O
is

e}

| %

(o]

1%

109¢q

107cq

UGDLLIG JD24H Ut DPAJULES ~ BN BIEIDBLO0Z A

B il 8y
0 - - 764 | 0743 0 - - 0 - - - -
0.8 5.2 -4k 8.81 | 0,692 =355 | ~3.55 4.9 - ~8.45 9.28 0.736
0.?5 5.0 0075 8-32 0.728 -3.3 1.7 5.0 - ""503 8-72 0-?36
0.1 0.7 4.7 6.0 8,00 | 0.677 0.1 -2,95 7.05 Lok - 2.65 7.99 0.757
* 0.65 3-6 12.05 7.90 006?’-}- "'2-85 12.15 3.5 - 8.65 8.12 0-715
0.6 3k 17.2 7.45 | 0.678 =2,6 7.4 3.151 - 14.25 Teik 0.720
0.5 3.2 2243 6.8 | 0.680 -2,2 22.8 2.851 = 19.95 7.16 0.723
0.25 10.6 -10.35 | 10.31 { 0,910 -1,0 -1,0 0.5 - | =11.5 10.64 1.006
0-2 9.11- -4.2 9.&1}' 0.830 -0-9 4‘1 9.1 - "'5.0 9-66 00890
0.2 0.2 9.3 0.9 8.12 | 0.756 | g.2 =0.75 | 9.25 } 8.3 | - 0.95 | 8.38 | 0.788
0.15 6.8 8.35 743 | 0,630 ~0.65 | 44.35 6.7 - 7.65 7.55 0.69%
0.1 5.6 1.5 6.20 | 0.616 ~0.55 | 19.45 5.3 - 14.10 6.39 0.660
O.1 .9 20.2 4,62 | 0,576 -0.35 | 24.65 Lo - 20.25 LJ76 0,607
Oat 12.9 ~7.8 10.14 | 0,915 ~0.45 4.55 - -8,k 10.39 0,982
C.1 12.0 -1.9 8.5, | 0,790 -0.35 9.65 - -1.75 8.74-] 0.825
003 0905 905 5055 6'2}‘6 0.615 005 "0025 11!-075 9-15 b 5-6 6.?2 0-68}1-
0,05 7.5 12.55 Lol | 0.523 -0.15 | 19.85 6.8 - 13,05 4,57 0.561
6.0 19.0 1.82 0.351 -0.05 2{--95 5-3 - 19.65 1 - 0-365
.05 3.8 5.88 | 0.615 -0.,15 | 14.85 | 10.7 k15 6.08 0,660
Oule 0 8.2 11.8 2.45 | 0.410 Ol -0,05 | 19.95 77 - 12,25 2,68 0.429
v 19,0 =09 0,020 0 25,0 5.2 19.8 1,17 1§ -0.003
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