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THE EFFECT OF TRAILING-EDGE EXTENSION FLAPS
ON PROPELLNR CHARACTERISTICS
By Join L. Crigler

SUMMARY

An analysls was made to determine the effect on
propeller performence of extension flaps added to the
tralling edge of a proweller blade. & method of calcu=
lating the charges In the ldeal angle of sattack, the
angle of zero 1lif%, and the design 11ft coefficient of
a propeller blsde sectlion kraving a treiling-edge exten-
slon flap was utilized to calculate the performance of =
8lx-blade dual-rotating propeller wilth extension flaps
varying up to L0 percent chord. The method was used to
determine the sngle that the flap extension rmest msaka
with the chord 1in order to obtsaln a particular load
distribution, Although the analysis in this report was
msle for e wind-tunnel propellser designed to cperate atb
low alvunce-dlaemeter ratlo, the mothod is dircctly &ppll-
cable to any propeller section under any operating
condltion.

INTRODUCTION

Inasmuch as the production of a propeller of a
glven design 1s an expensive manufacturlng procedure,
1t 1s expedlent to make each existing design useful for
es many appllcatlions as possible, For this reason,
several cholces of dlameter have been avallable wlth a
glven blade design. This flexibility of design has
recently been increased by providing a procedure for
adding an extension along the blade., The selectlon
of the width of extension permits a choice of propsller
sollidlity for a glven blade design snd dlameter. e
addition of the tralling-edge extension changes the
section alrfoll characteristics by an amount dependent
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on the length and engle of extension., Some cholce

in the airfoll characteristics 1s therefore permitted
when the extenslion flap is added to the tralling

edge., Referencs 1 presents a method of analyzing the
change 1n airfoll sectlon characteristics accompanylng
changes Iin extension length end angle, and the present
report applles the methcd of reference 1 to the calcula=-
tion of rropeller characteristics,

The calculations glven herein were made for a six-
blade dual-rotating propeller for values of advance-
diameter ratio (V/nD) that are encountered in the
operation of a propeller used to drive a wind tunnel.
Trhe same Mmethods are applicable, however, to rropellers
for any operating condition. Preliminary calculations
wore first made on the propeller with the orliglnal
blades In order to study the distribution of loading
along the blade for a power coefficlent Cp = C.31 at
an advanée~dlameter ratio V/nD = 0,33, For this value
of V/aD, the inboard sections of tihe propeller were
found to stall before the outboard sections and,
furthermore, the whole proveller was found to stall
before a vower coefficlent of 0,31 was absorbed. In
order to make the deslgn sultable for these operating
conditlons, 1t was necessary to increase the solidlty
of the original propeller, Tralling-edge extenslon
flaps were used for thls purpose and were attached in
such a manner as to change the angle of zero 1ift along
the blade to Iincrease the load on the outer sections.
Inasmuch as the effect of such extenslon flaps 1s
applicable to both tunnel and zlrcraft propellers, the
method glven hereln for use in tunnel-propeller design
may also be used in determlining the effect of tralling-
edge extension flaps on propellsr sectlons for alrcraft
appllcations,

The method used to calculate the changes in the
1deal angle of attack, the deslign 1ift coefficlent,
and the angle of zero lift resulting from a flat sheet
attached to the tralling edge of an alrfoll sectlon 1is
outlined 1n reference 1, This method was used to
calculate the 1ift as a function of angle of attack for
the sections of a six-blade dual-rotating oropeller
having Curtiss blades 836~ and 837-1C2-13 with trailing-
edge extension flaps. The calculated thrust- and
torque-distribution curves for the propeller with a
l}0-percent-chord trailing-edge flap are presented for
two operating conditions.
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SYMBOLS

chord of propeller blade element

sectlon 1ift coefficient ( T=5-

zpvzb

sectlon design 1ift coefficlent; 1lift coefflclent
at 1deal angle of attack

power coefflclent (P/bn5b5)

torqre -zoeffictent (Q/pﬂaDs)

thrust cereffinient ﬂT/pn‘D4)

prontllisie civuster
a
elerernt “orque coefiiclsant (11%%§§)

element thrust coefficlent (

thickness of nroreller blade element
1ift of blade section

Mach number

propellsr rotatlonal spesd

geometric pltch of propeller

input power to provneller

torque of proneller

radlus to any blade slement

tip radlius

thrust of propeller
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v airspeed:
x radiel location of blede element (r/R)
a sngle of attack

aj, angle of zero 1lift
ar ideal angle of attaczk

propeller blade argle at 0.75 radius
propeller blade anglo at radlus r

p mass denslty of alr
Subscriptas:

W front propeller

R rear propeller

0.7 at 0,7 radius

ANALYSIS

The propeller analyzed 1s a six-blasde dual-rotating
propeller with Curtiss blades 536-1C2-1% (front, right
hand) and 83%37-102-13 (rear, left hand). Blade-form curves
Tor the proneller are given In figurs 1. The propeller
conditions analyzed vary from a value of Cp = 0.31

at V/nD = 0.33 to a value of Cp = 0.095 et V/nD = 0.26.

Preliminary calculations showed that the propeller with the
original blades would stall at an advance-dlameter ratilo
of 0.3 before absorbing a nower coefficient of 0.31. In
order to use the avallable propeller for this condition,:*
1t was necessary to increase the nroveller solidity by the
use of extenslon flaps attached to the trallling edge.
Extension flaps cause a change in the angle of zero 1lift,
which results 1in an effective cnange 1n the propeller
pitch distribution. It was necessary, therefore, to
calculate the 1ift of the sectlons as a function of angle
of attack for use on the propeller., The method of
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reference 1 was used to calculate the change in 1ift
characterlstics caused by extension flaps, and the results
show the angle that will be requlred between the extenslon
flap and the chord line of the origlnal ailrfoll to

produce zero change in pitch distribution for several
sectlons along the blade.

Certaln assumptions regarding the airfoll character-
1stics of the propeller were necessary in order to make
the calculations. Experimental data are usually used 1n
analyzing propeller performance., Inasmuch as the Curtiss
blades 836- and 837-1C2-13 are of NACA l6-series alirfoil
section, the section 11ft characterlstics (fig. 2) for
the original propeller were obtained by extrapolating
the experlmental data of reference 2., -The design 1lift
coefficlents and the operating Mach numbers for several
sections along the blade for the limiting condition
of operation are shown in figure 2. The calculations
for the sectlons with extenslon flaps were made on the
essumption that the addition of flaps did not change
the slope of the 1ift curve for a given section.

Inasmuch as no experimental data were avallable

for the airfoll sections with extension flaps, 1t was
necessary to use theoretical calculation in analyzing
the performance of propellers with these sectlons,
The calculated and experimental values of ol for

the original sectlons are not in perfect agreement.

Since experimental data were used for the original
sections, the differences between the calculated

values for the original and the extended airfoll sectlon
characterlistics were applled to these experimental

data., The corrected values were then used in calculating
the performance of the propeller with extenslon flaps.

RESULTS AND DISCUSSION

Computations were made to determine the effect of
the tralling-edge extension on the 11ft characterlstics
of an ailrfoll as a function of angle of attack. Curves
showing the results of some of these computations are
presented in figures 3 to 6, The calculated angle of
zero 1lift alo’ the 1ldeal angle of attack ary,

and af - o, (on which the design 1ift coefficilent
depends) are given for the propeller section at the
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0.45 redius in figure 3. The calculated angles are
measured from a straight 1ine jolning the extremltles
of the mean camber llne of the extended airfoll sectlon
but are plotted against the angle between the extension
flap and the straight line Joinling the extremities of
the mean camber 1line of the original airfoll sectlon,
a8 was done 1n reference 1. The effects of a
10-percent extension, a 20-percent extension, and a
LO-percent extension are compared.,

In the use of thils Informatlon for propeller
calculations, it 1s more convenlent to refer the
calculated angles to the llne jolning the extremitles
of the mean camber line of the original airfoll section.
The angular differsnce aj between the two reference
lines 1s given by the followlng formula:

(Extension lengt

h) sin (Angle of extenslon)

tan-la. = Chord
1 =
1+ (Extension 1engtﬁ) cos (Angle of extension)
\ Chord

The results for the 0.};5 radius plotted in figure 3 are
replotted in figure l, but in filgure l. the calculated
angles are measured from the chord line of the originsal
alrfoll section. The calculated and extrapolated
experlimental values of q; and a7 - % q for the

original sectlon (without flap) are shown in figure L.
The polnts on the curves also show the calculated

angles at which the extenslon flap must be set to the
chord 1line of the original ssction to glive the same value
of a3, ©or ar - a;o for the extended sectlon as for

the original section. If the values of a7, for the

sections with the extension flap are the same as for
the original sectlions, the pltch distribution 1s
unchanged. Since a; for the original section
(16 series) 1s zero, the crossing of the ay curves

with the zero ordlnate glves the angle of extenslion

for an unchanged ay. Flgure 5 shows similar curves
for a 20-percent-chord extension flap and for a
l}0-percent=chord extension flap at the 0.95 radius.

In flgure 6 the curves at several radil are compared
for the 20~-percent-chord extension., From curves of
this type, any desired changs in the pitch distribution
of a propeller may be made by properly setting the
extenslon-flap angles.
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Since the inboard sections of the origlnal propeller
stalled much earlier than the outhoard sections for
low  V/nD operation, it was decided to change the
angles of zero 1lift of the bhlade sections 1in order
to shift more of the load toward the tip. This change
in the angle of zero 1lift is obtained by setting the
flap extension at the proper angle to ‘the chord line.
The angles of zero lift of the blade sections were
changed by the amount shown by the s0lid.line in
figure 7. This curve may be shifted up or down, as
is shown by the dashed lines in figure 7, with no
change in the load distribution; the only changes
resulting are in the design 1ift coefficients and a
constant shift in the angles of zero lift of the
sections, In making the vropeller performance calcu-
lations, however, a shift in the angles of zero 1lift
results in a change in the »ropellier »nitch setting for
constant Cp and V/nD. The only change in Cp and 7

will result from the small effect of the change in the
drag of the airfoil sesctions., '

Examination of the results (see figs. l} to 6)
shows that a 20-percent-chord extension to the Curtiss 856-
or 3%37-1C2-13 blade should be set about 7.2° to the
chord 1line at all blade sections to give the various
angles of zero 1ift that would be obtained by
adding Aay (solid line in fig. 7) to a;, of the

original section. A l}j0-percent-chord extension should
be set about 6.1° at all blade sections. The angles
of zero 1ift for the sections at all radii given 1in
figure 2 were increased by the amount shown by the solid
line in figure 7 for making the calculations of the
propeller performance with the extension flap.

Analyses of propeller performance for several pro-
pellers indicate that single-rotating propellers stall
at section 1ift coefficients of about 1.0 for most of
the blade and that the thin sections near the tip stall
at section 1lift coefficients of 0.8 to 0.9. The calcu-
lations presented herein show that these 1ift coeffi-
cients were realized for a pitch setting of 2,4° at the
0.7 radius for operation at V/nD = 0.33 and that a
li0-percent-chord extension (lO-percent increase in
solidity) is required to absorb the power. Experimental
data on dual-rotating propellers, however, show that
the dual-rotating propeller can be operated without
stall at higher blade angles and at higher séctlion 1ift
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cogfficients than single-rotating propellsrs. It 1is
quite possible, therefore, that the 40-percent-chord
flap extension to the tunnel propeller that would be
required for a single-rotating propeller will not be
necessary to prevent stall for the limiting condition
of operation with dual-rotating propellers and that a
lower sclidity may be used. DNewvertheless, in order to
obtain conservative results, the calculations for the
tunnel propeller have been made on the basia of a
L0=percent-chord flan extsnsion and the results for
two operating concitions ars glven,

Figure & shows the differential thrust and torque
curves plotted against x for oneration at a V/nD
of 0.3% with the front-upropeller blade angle set 2,° and
the rear-propeller bklade angle sst 23° at the 0.7 rsdius.
The element 1ift coefficients at several section radil
are shown in this fisure. Wigure § shows similar curves
for onmeration at V¥/nD = .26 with the front-propeller
bhlade argle set 12° and the rear-propeller blade angle
set 11° at the 0.7 radius.

CONCIL.UDING REMARKS

The so0lidity of a six-blade dual~-rotating propeller
having Curtiss 83%6- and 837-1C2~1% blades has been
increased by acdding extension flaps to the tralling edge.
The method of analyzing the new blade-sectlon character-
istics in this case was annlied to a particular propeller
for onmeration at a verv low advance-dlameter ratio, but
the msthod may be anplied to any woropeller section under
any operating condition, The pitch distribution of ths
propeller with flaps mav be held constant or, 1f desired,
mayv be varied for different design operating condltions
by properly setting the flap angle.

Langley Memorial Aeronautical ILaboratory
National Advisory Committee for Aeronautics
Langley Tield, Va.
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Figure 3.- Variation of a3, ay, &nd ag - aj, With angle of extension at x = 0,45,
(Anglee measured from chord of extended airfoil,)
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