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TABLE OF NOTATICWS

slipstrsam factor, explained in text.

6

Lo = Slope of 1lift curve for infinite aspect ratio.

aspect ratio of wing.

aspect ratio of tail surfaces.

wing span.

portion of span effected by slipstream.
horizontal teil surface span.

span of tail surfaces in slipstream.

drag coefficient = D .
qS
resuliant drag coefficient = D=1 .
as

center of gravity of eirplane.
1ift coefficient = L .

QS v
pitehing moment coafficiont = e

ety
momant coefficient of %ing about mesn aeroiynsmic center
pitching moment coefficient of wing alone.
pitching moment coefficient of wing and fuselage = Gy no tail.
pitching moment coefficient of tail.

pitching moment coefficient due to thrust.

thrust coefficient used in slipstream calculations = T
q T Do*
pitching moment coefficient of fuselage 4

distance from leading edge of wing to C. G.

drag, a force parallel to air velocity.

propeller diameter.

theoretical slipstream diameter.

caleulated diameter of slipstream éround fuselage.
a fretor as explained in text.

1ift, a force normal to air velocity.
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tail length, C.G. %o elevator hinge.

pitching moment of model abdut C. G.

pitchihg moment over portion of wing in slipstream.

pitching moment over portion of wing mot in slipstream.

dynamic pressure = %pvz .

dynamie pfessure in slipstream = %PVSB .
a factor as explained in text.
wing area.

wing area effected by slipstream.
tail area (horizontal surfaces).
mean aerodynamic chord length.
air velocity.

glipsiream velocity.

welght of alrplane.

angle of attack.

aercodynamic decalage.

"increment of".

tail efficiency.

angle of ¢limb or glide.

air density.

() "power on," e. g. Cy = Cy, "power on," etc.

distance from leadins edge of wins to mean asrodynamic center

2 v ey o £y e L Trm e 3
increment of moment coefficient change a4 CL
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YI¥D TUNNEL TsSTS ON THE =:FECT OF POWER O 7HE STABITITY
OF A LOW ¥ING WOVOPLANE ¥WITH THREE VERTICAL POSITIONS

CF HORIZONTAL TAIL SURFACES

INTRODUCTION

A great majority of present day alrplanes are of the low wing cantilever
type. 4n investigation into the effect of power and vertical location of the
horizontal tail surfaces on the longltudinal static stability of such air-
planss iz therefore of interesi.

The present investigation was carried out on a one-gixth scale model of
a low wing single engine tractor monoplane. The results are probably most
directly applicable to alrplanes of this type. However, the tendencies and
general effects should also be fairly indicative of what may be expected in
mltiple engine low wing monoplanes of conventional design,

A couposite model was used consisting of a Northrop "Alrha" wing and fu-
selage and XTED - 1 tail surfaces. Thisg model is the same as the one used by
J. 3. Russell and H. M. MeCoy, in their investigation "Wind Tunnel Tests on
a High ¥ing Monoplare with Running Propeller®, reported in the Journal of

Asronantical Sciences dated January, 1936, ezcept that different tail surfaces

were used, a different torque measuring mechanism was used, and for this in-
vestigation 1t was converted into a2 low wing monoplane. An W.A.C.A. cowling
with air-cocled engine was used and the model was complete except for landing
gear, tall wheel and protruding cockpit enclosures. A conventional fillet be-
tween fuselage and upper surface of wing was developed. This fillet was used
on &8ll tests. Flgure 5 gzives the principal characteristics and dimensions of

the model.
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The propeller used was a three bladed fixed pitch metal propeller eighteen
inches in diameter, sach blade of which wag one-sixth full scals in 211 linear
dimeasions. The Hamilton Standard 141-0 blads form was used, except that ene
inch, or 10 per cent, of the radius was cut off at the tip of each blade,
bledes being set at 299 at three-quarters radius. Power was epproximasely
1/36 full sczle power and proveller revolutions were siz times full scals reve
olutions. Linear velocities of propeller blade elements equaled full scale
velocities. Hence, slip stream effects should closely simulate full scale

affects.
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DESCRIPIION OF APPARATUS

The investigstion was conduched in the G.A.L.C.I1.T. wind tunnel; the
gix component balance gystem shown in Pigure 1 being used to measure net
thrust or drag, 1ift and pitching moment. Geometrical angle of attack is
accurately set and wind tunnel velocity is controlled within narrow limits.

Torque of the propeller motor in the model was measured by an alternat-
ing current wheatstone bridge. Torque developed by the propeller reaets on
the motor stator. Rotation of the stator is opposed by & tension spring-as
ghown in Figure 2, and the anguler movement of the stator is thus & measure
of the torque. This displacement moves & soft iron armature placed betwsen
two coils and varies the impedance of the circuit, thus indicating torgue
when properly calibrated. Propeller revelutiong are measured by & counting
gystem, shown in Figure 3. This consists of & pendulum actuasted, multiple
relay circult which counts the motor revolutions over an accurate time inter-
val of ten seconds.

The photographs, Figore 4, show the model in the various configurations

tested.
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VIEWS OF MNMODEL USED /N INVESTIGAT/ION

STABILIZER IN BOTTOM POSITION STABILIZER IN BOTTOM PoSITION
WITH FLAPRPS CUT OUT UNDER FUSELAGE WITH FLAPS CONTINUOUS UNDER FUSELAGE

STABILIZER (N UPPER M IDDLE STABIUIZER N UFPER PT/IDDLE
POSITION rosi7Ion

STABILIZER IN TOP FPOSITION STABILIZER /N TOFP POSITION
REAR YIEW FRONT YIEVY

FIG 4
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// POSITION

1i MODEL DATA
- WING CHORD PARALLEL TO THRUST LINE
\] WING AREA 8. /4 5Q.FT.
HORIZONTAL TAIL AREA /49 SQ.FT
— ASPECT RATIO OF WINGS — 5.97

ASFECT RATIO OF 7R/ 3593
MA.C L Z2FT

WING SECT IoN CLARK Y™
FPROPELLER DIAMETER /8 INCHES
SCALE g

THIS PORTION OF FLAPS WAS IPEMOVED FOR ONE
TEST WITH FLARS




PROCEDURE

In order (o investigate the effect of power on the stability of ithis
airplane under various flight conditions, it was necessary to nsevvarying
amounts of power at each air speed (wind tunnel q) and at each aznzle of at-
tack. The powsr input was controlled by adjugting the torgue, and revolu=
tions of the propeller. At each velocity and angie of attack the revolutions
of propeller and torgue were varied through from four to six points in such
a way that the complete flying range was covered, from less than power re-
gquired for horigontal flight to more than maximum powser available in a com-
parable airplene. In plotting results this power variation is shown as a
variation in the angle of climb or glide.

Values of pitching moment coefficlent, 1ift coefficient and resultant
drag coefficient at verious angles of attack were determined for the complete
airplane model without propeller and with the propeller running, using vary-
ing amounts of power and with elevator neutral, down 17°, up 15° and up 25°.
This was done for the following configurations:

a) Wing and fuselage with no tail surfaces.

b) Complete airplane with horizontal stabilizer in bottom position
(on thrust line).

¢) Complete airplgne with horizontal stabilizer in upper middle
position ( 2 inches or .14 x M.A.C. above thrust lins).

'd) Complete airplane with horizontel stabilizer in top vosition
(3 inches or .21 x M.A.C. above thrust line).

e) Complete airplane with horizontal stabilizqr in bottom position
with split flaps set at 45 degrees extending one=half the span
and continuous under the fuselage.

£} Complete airplane with horizontal stabilizer in bottom position
with aplit flaps set at 45 degrees eitendiné one~half the span

and cut out under the fuselage.
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The date for power off were plotted and curves of () versus Cy drawn
in the conventional manner.
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power. For each such poind, the value of the tangent of the angle of climb
(wCR/GL) was calculated and recorded opposite the point. With all such poinits
plotted it is possidle to interpolate and locate points of tan @ = O(level
flight): ten 6 = =.08, =.10 or -.15 (gliding flight) or tan @ 5 ¢ .05, +.1i0
{climbing flight). Curves of Gy vs. Oy, for varying amounts of power (%&ngen%éﬁ
were then drawn in.

The curves of moment coefficient versus 1ift coefficlent #with no pro-
veller and with power on, for wing and fuselage with no tail surfaces, were
drawn in the same manner. In order to obtain ta2il mowent coefficients, vzlues
of moment coefficient for complete alrplane and for wing and fuselage slone
were tabulated and tail moment coefficients found by subtraction. These
valugs were plotted aﬁd straight lines faired through them in the region be-
low the stall. The slopes and intercepts of these falred straight lines,
shown in Figure 12, were used in calewlating the tail noment factors given

in Figures 13 and 14.

(¢)



ANALYSIS CF RESULTS

{a) Method of Presentation
4 brief description is necessary in order to clarify the method of pre-
senting resulis. Consider an airplane traveling along a flight path parallel
to the thrust line in unaccelerated

flight:

If T = {hrust
D e drag
¢ = angle of climb
W 2 weight

Then T = D + ¥ 8inl

T
T =10 % net thrust = W sgin @
L 2 ¥cosl
=D =-C0p =¥ sin0 = tand
L Cy, Weoso

The tangent of @, the angle of climb or glide is a measure of the amount
of thrust belng develeped by the propslisr. It iz thus a convenient power
‘perameter for wind tummel tesis since Cg and Oy may be calculated directly
from the wind tunnel data. *Power on® results are given in terms of Cy vs.

01, for various valuss of the tangent of the angle of climb or glide.

(b) Complete Airplane
The effect of power on the static longitudinal stability of the complets
airplane does not lend itself to analysis until broken down into wing and
fuselage effects and taill effects. However, it is interesting to note the
varistion in results obtained with this model where only the vertieal haiznt
of the horizontal stabilizer was chansed. As the vertical position wes va-

ried, the stabilizer setting wag aliered in guch a way that the airplens

(10)
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trizvmed &t avproximately the same 1ift coefficient in all three configura-
tions without flaps.

The curves of G versus Cj for the complete airplane without flaps are
gshown in Figures 6, 7 and 8. Disregarding the changes in slope and inter-
cept of the moment coefficient curves in the region below a 1ift coefficient
of 1.0, which will be taken up as an effect on wing alone and tail moment
coefficients, the predominant feature of these curves is the appearance of
a large unstable hump with power on, near the stall, when the stabilizer is
in the bottom position. In the upper middle position this hump is greatly
reduced. In the top position it has completely disappeared. The slimina-
tion of this unstable hump near the stall, from the %pvower on® stability
curves, as a regult of locating the horizontal surfaces in a higher position
relative to the wings and thrust line, is believed to be one of the most im-
portent results of this investigation.

Curves of the moment coefficient of wing and fuselage alone are also
plotted on these figures, so that complete analysis is easily possidle for
each configuration. Curves of Gy versus Gy for the two flap arrangements are
given in Figures 9 and 10. The unstaeble hump also appears in these curves,

the horizontal stabilizer being in the bottom position.

(c) Component Parts of lMoment Coefficient
Dr. C. B. ¥illikan has proposed in his course on the Aerodynamics of the
Alrplane that the static longitudinal stability of an airplane without power

may be expressed in the form:
Cy = QMW.+ GEF + th, where

Opy = Oy, + (% - %)GL

(11)



Oyp = Alu, + AT

¢ 5 [ 7

- T Yt AR a

c’lét: tr 5 [ %o €L~ /+°QO oy
AR, TTAR,-

In writing this equation certain simplifying sesunptions have been made,
as follows:

a) The wing is assumed to have an elliptical 1ift distribution.

b) The downwash at the tail is assumed to be twice the downwash at
the wing.

¢) A tail efficiency factor %; is introduced to account for the ef-
fective velocity at the tail and to correct for other errors
due to the simplifying assumptions used. The value of 7. cen
eaéily be determined graphicelly by taking the slope of the th
versus GL curve at the Cy range desired. Then differentiating

the ta2il woment expression with respect to CL we getl:

)
l —
T AR
dCMt: "71‘ —giéi , Where 7 ig the only
AC, O | | ¢ Ro t
T AR

unknown gquantity.

(4) Slipstream Bffects on Wing and Fuselage

Considering the wing and fuselage without tail, it is interesting to in-
“vestigate the effect of power on the 1ift of the wing as well 28 on the mowment.

A ourve of C;, versus X with no propeller and with power for level flight
is given in Figure 15. A considerable increase in 1lift coefficiesnt near the
stall and a delay in the stall are apparsnt. A method of calculating the
fpower on® 1ift coefficient ig given in "Theoretical Calecviations¥, The
caleculated curve is alse shown in figure 15 and as mey be seen, the calcu-

lated curve gives & close approximation to the measured values. .

(12)



The wing and fuselage moment coefficients were determined together both

power off and power on.
Cup + cgw = cbﬁo +'AG§° + (4 - )0y, + AF¥Cy
t %

In Figure 11, Oy for o Clark Y sectlon is plotted.
At Op, = 0, Cy, = -.065
But at Cp, = 0, Oy + Oy = =.075
Therefore Oy, = -.010
; d-h= .30~ .256% .950 since center of gravity was
assumed to be aﬁ 30t fr:m I:ad.ing edge. |
As shown in Figure 11, AF = +.047

Chiyyp = CMg =-010 + (4 = b + .047)Cp,
1 £
Considering "power on® effects, write:

Where Cyy, = Moment Coefficlent due to thrust =

2 x Vertical Height of T above C.G.
qSt :

and T= _ D
, coax :
A GMQ £ c¢hange in ﬁMO due to power

Ah may be considered as a change in the location of the aerodynamic center
d:'ie ‘to power.
Values of Cﬁth were calculated at Cy = O} and O, = 1.0 and the increments
not due to thrust, ACy and _/i_\_t_p_ were obtained as follows:
a) AOE; is the increment of wing-fuselage moment coefficient at

1, ® 0 due to power except for that dus to thrust.

Thus Acﬁo a C}’EO - %th(at o, = 0) - Cﬁﬁfﬁ'(at CL = 0)

(13)
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b} Ah is the change in slope of the wing fuselage momsnt coeffi-
]
cient curve due to powser, except for that due to thrust.

Vi .
Thus _%_}i = écﬁ‘ﬁq-? - dcm,%ﬁ, - &C}gth
dcy, dcy, dcy,

Figure 11 gives the results obtained as a function of tan & . A method
of predicting GMW+F for other airplanes is also given.
A calculated curve of wing and fuselage moment coefficient, power on,
. W
versus angle of attack was also prepared. The method used and results ob-

r

tained are discussed in "Theoretical Calculstions®,

(e) Slipstream Effects on Tail Moments
If the valués of moment coefficient for wing and fusslage alone are sube
tracted from the values obtained for the complete airplane, the tail moment
coafficients will be obtained.
Values thus obtained were plotted and straight lines drawn through the

portions below a 1ift coefficient of 1.0. Thess faired curves of CMt versus

Gy, for the three stabilizer positions are shown in Figure 12,

The effect of power on stability consists of a changse in the slops of
the $2il moment coefficisnt curve, cht/ch and & change 1ﬁ the intercept
for any given deviation of the elevator from a neutral position.

For power off, write:

Ao
‘-Z_ 5t l TT'AR ao
C“"t“ e 5 2. - |+ ae Y
T AR, ARy
Ll _ ~7e ‘? %t_
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if dCE; = power on zlone

dCL
1
Let X = i[_C_“J_t.
ACL
d Cr
aAC

Similarly let:

Change in moment due %o elevator angle powsr on = Z;cﬁ; = R
Chenge in moment due 1o elevator angle power off N———.1

Acggt
Then
¢ 5 - & o
P, LSl TR o LR %y
Cve =7 ¢ 3 r 4o [+ae
TAR, t

Values of K and R will vary with horizontal stabilizer location, elevator
setiing and amount of power.

In Figure 13, values of ¥ and R have been plotted for each stabilizer
location and for various amounts of power. The difference between the tail
moment coefficient for a glven elevator setting and the tail moment coefficient
for neutral elevator, both at C; = 0, is called ACy,. The values of X and
R are plotted in Filgure 13, against valves of L&Gﬁt ag abscissas. The elevator
angles at which the changes in tail moment coefficient were measured are also
indicated on this figure.

In Figure 14,‘va1ues of X and R for various amocunts of power and for dif-
ferent slevator angles have been plotted against vertical position of the

horizontal stabilizer.

(15)
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APPLICATION OF RESULTS TQ WIND TUNNEL TESTS

The important change in configuration included in this investigation was
the vertical position of the horizontal stabilizer. Figure 14, which gives
values of X aﬁd R as a function of vertical height of horizontal stabilizer
is considered the best presentation of results for epplication to wind tun-
.nel tests on other low wing airplanes.

Assuming that the wind tunmnel model of a2 proposed design has been tested
with and without tail surfaces, curves of Cy . .47 Versus Cp and Gﬁt versus
Cys power off, should be available;

The ®power on® curve of Cg'no tai] can be estimated as explained in
Figurs 11, or it can be calculated as suggested under "Theoretical Calcula~
tions¥. |

In order to obtain Gg; versus (p, enter Figure 14 with vertical height
of stabilizer and pick off values K and R for desired power condition and
elevator setting. These values must be corrected for difference in horizon-

tal tail area exposed to the slipstream:

ﬁ\ E a
T3 —4L |

\

U’

USE Ot, * AREA INCLUDED BY LINES PARALLEL TO THRUST LINE AND A
DISTANCE APART =Dp. Dp IS VSED SINCE D 15 APPROXIMATELY

——

EQUAL TO Dp, CALCVLATING Dg FROM: zr?lzs‘:,gxnbp1+ 7 DF
(16) * 7




If ste =2 horizontal tall area exposed to slipstream
S¢ = horizontal teil ares,

Gorrected values of X and R can be calculated for application to other air-

vlanes as follows:

Ot, /
- K corrected = t

g

MoDEL,

W,
R corrected = | : ;"/5t [R )
( e/st MopE L

But Ste/se of model = .67

X corrected = e/St (K /)

R corrected = | 4 te/st -

(17)



THEORETICAL CALCULATIONS

It is interesting to investigate the possibility of estimating slip-
gtream effects on the 1ift coefficient and moment coefficient of the wing
based on purely theoretical considerations, and to compare the results thus
obtained with experimental resultis.

{a) "Power On® Lift Coefficient

First considering the 1ift coefficient of the wing and fuselage:

LET PROPELLER DIAMETER = Dp
ASSUME THAT AT WINGS, WITH NO FUSELAGE PRESENT , SLIPSTREAM
DIAMETER HAS CONTRACTED TO Do WHERE TD> g mDF

“ 4
G P
Dp \
| ) / | \
i De i
l i ] . §
****** \\\ ///
s ST Ep I
Z ra
'D\S

WITH FUSELAGE (N SLIPSTREAM, THE CROSS-SECTIONAL AREA OF
2,
SLIPSTREA™M WILL REMAIN I%Pa. BUT IT5 ACTUAL DIAMETER Ds

IS GREATER DVUE TO PRESENCE OF FUSELAGE

2 Z
T Do 2 ”;)PX,S (correcting for contraction of slipstream)
2
2,
Do . wDE_ mDr
¥ ¥ b7

by ® Dg = Dp = span in slipstream

be x tg = S ® area in slipstream

Cpe S / T
p=  =DFJ Cf = ———
cos & T Z—XE%L
{18)



Referring to "Aircraft Propeller Design" by Weick, page 9, the propel-
ler thrust .coefficient C; can be written, C; = 4a(l 4 2) where 2a = incre-
ment of increase in slipstream velocity over flight velocity. This theoreti-
cally only holds far down stream. It has been assumed here that abreast the
wing the slipstream has contracted to & cross—-sectional area equal to eight~-

tenths the propeller disc area and that the slipstresam velocity equals

v(1l + 2a).
AVs=VxZa Vs .= V(V+AY,co00)* 4 (AV, sina )™
A SINOL
tan Ax = AYs siNE
Tim, V+ AVgcos«
YM
& - AV;CoSK / vz
o T~ 2 5
V: v¢ dy AV siva Qe 2 ﬂ 2
5 d
NX AL, = ‘leseGLe

where CLe 2 Lift coefficient

at x - A

ALy 2T sinx
AL3 2 (8 - Se)ch

G ® AL, + ALy + AlLg

SCra
Values of CL/ versus & calculated in this manner are plotted, together
with experimental values of Cp in Figure 15.

(b) "Power On® Wing and Fuselage Moment Coefficient

= Moment
% gSt

Cy, = Oug + (%. - %) CLe

It has been assumed here that the slipstream effecte have not changed
Cio and h/y. Actually gome change has probably occurred.
(19)
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Mg = Cp eSebe = }:ciéo = (% = ?GLQJ deSete

1
= Me
A Gg1 §§§',

{

A Oy, = Mth

qSt

Ay = Mp = Gyat(s - Se)
qSt a5t

1 7 - / /

Values of Cﬁé"p have been calculated. Results obtained are plotted, to-
gether with experimental "power on" values, in Figure 16. Apperently the
fuselage and fillet effects so alter the moment that this calculation gives
only a poor approximation to actual "power on" moments., It is probable, how-
aver, tlﬁat‘ the discrepancy between calculated and experimental results would
be about the same for similar configurations. Thus GQW-;-F - GW‘.,.B‘ if %W+%s
calculated, should be multiplied by about 1.7 to give values agreeing with ex-

perimental results.

(20)



CONCLUSIONS

1. Caleulated values of Gﬁ agree closely with experimental “power on®
resulte, |

2. Calculated valuez of céﬁ+? do not agree with experimental values un~
less & mltiplicative fector of 1.7 is applied.

3. Power improves the stability of the wing and fuselage 2lone and in-
sresses the increment of moment coefficient due to fuselage effects at Cy = 0.

4. Power decreases the slope of the tail @oment coefficisnt curves as
émaﬂat of power is iacreased.: This decrease in slope expressed as a per-

centage does uoi chasges materially with vertical position of horizontal

ﬁtabiliﬁﬁf’i; Shae ?%gé%a wall below the stall.

5, Fowsr Lwwrpases the emount of moment caused by a movement of elevator
from neutrsl s sither an up or down position.

6. In the vicinity of the stall, ?owar‘creatas an unstable hump in the
tail woment coefficient curves, when the stabilizer is on or near the thrust
line. This munp 4iseppears if thé horizontal stabilizer is located relatively
e nigh as the top gégition used in this investigation. Presumably higher
sositions wa@id also be satisfaclory.

7. With sxlit flaps set at 45°, power decreaées the stability in "power
on® gliding flight. For a gliding angle such that tan & = -.10, the decrease
in étability is approximately the same as for the unflapped wing in level
f1izht, when flaps are cut out under the fuselage. The decrease in stability
with power for flaps contiﬂneus‘under the fuselage is more severe and étébili-
ty for "power on" gliding flight at tan & = =.10 with such flaps corresponds
approximately to the stability of the unflapped airplane in climbing flight

where tan @ =2 + .08,

(21)
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Introduction

During the winter of 1935.36, an investigation entitled
rind Tunnel Tésts on the zffect of Power on the Stability of a Low
Wing Monoplane with Three Vertical Positions of Horizontal Tail
Surfaces” was conducted and reported on. The present investigation
is a continuation of the same problenm and the stability portion of
it congists of work which was omitted from the first ssries of tests
due to lack of time,

The model used for these tests, dimensions of which are
shown in Figure 1, was 2 l/a%h secale low wing wonoplane with a Northrop
TAlpha® wing and XIBD-1 tail surfaces, This is the same model as

that used in the oviginal investigation; however, for the present

e

tests ths torgue measuring apparatus in the model was slightly
nodified in an effort to improve lts accuracy., An improved operating
teehnigue was also developed,

Propsller characteristics are obftained in a wind tunnsl by
measuring the torgue and r.p.m, of the propsller, simultaneously
reading the net thrust of the propsller on the wind tunnel drag balance.
These measurements are made at several different wind tunnel velocities
with various amounts of power for sach blade setting, in order that
values of propulsive éfficiency, advance ra%ioyand speed-power ¢ocf-
ficient can he computed for the complete range of these coefficients,
For & detailed Alscussion of the method used in obtaining propsller

charncteristices with a wind tunnel model, see "Wind Tunnel Tests on a

High Wing Monoplane with Punning Propeller” by J. 8. Russell and H, M., McCoy,

reported in the Journal of Asronautical Sciences dated January 1938,



The prasont proveller investigatioh was undertaken primarily

A

for the purpose of improving the apparatus and the methods used in
e

cperating 1t, in an effort to obtain more accurate and dependable

regults. The blade angles tested were selected begauss the work

previously done at the California ITastitute of Technology 4id nos

cover this range,

The notationg used in this report for stability purposes
sre identical with those used in the basic paper, Thé propeller
symbols are the standard ones as used by Teick in N.,A.C.A. Report
No, 350,

Deseription of Apparatus

The medel used in this investigation was identical with
that deseribed in the original report. The important dimensions sre
shown in Figure l. A slight change was made in the torque measuring
apparatug in that the block whieh holds the coils usaed in this device
was machined in one pisge out of solid brass for this series of tests,
The colls were each mounted on the block by four set serews and for
the vresent investization these set serews were tightened and then
securely held in place by soldering a stiff wirs 4o the heads of the
screws, This alteration effectively prevented any slippage of the
coils and improved the dependability of the apparatus,

Procedurs

The results of the previous investigation into the effect
of power on the stability of 2 low wing monovplane with differegt vertical
locations of the horizontal stabilizer had shown that with no flaps a
large unstabls hump appeared in the moment coefficient curve near the

stall; when the horizontal stabilizer was in the bottom pogition as



shown on Flgure 1. This condition disapveared when the horizonial
stabilizer was In the top position., Similar unstable portions oce
curred in the stability curves obtained for the Tlapped confisurastions
which were testedin the original investisation, only with the hori-
zontal stabilizer in the bottom position, One pur?os& of this sup-
plementary investigation was theréfore to obtalin curves of Gy versus
GL power on and power off with flaps with the horizontal stabilizer

in the top pesition,‘ Sinece no dats had previously besn taken with
flaps but without tail surfaces, these runs were also made both with
and without power., When plotted on the moment ccefficient charts

for the complete airplane, subtraction of the ™o $ail surface" data
mekes 1t possible %o calculate the tall moment coefTicients readily.
The effect of power on the tail moment coefficient, with flaps on the
airplage, can thus be easily obtained if desired,

The actual procedure for obtaining the’power on and power off
gurves of bm versus Gy was identical with that described in the original
report. Also, as before, powsr is expressed in terms of the tangent of
the angle of glide, Ior the stability bests, the propeller blades wers
set at an angle of 29 degrees at thrse-guarters radius,

The propeller characteristics were obitained with the
propeller thrust sxis horizontal, No flaps were installed and the
horizontal stabilizer was in the top position for all the propellgr
tests. The c¢hiefl source of error in previous propeller data had occurred
in the torque measuring device, Calibrations indicatzd a definite change
in torgue reading due to changes in temperature of the model, In order
to minimize these effects, the model was heated %o 120 degrees F, before
calibrating, and the propeller runs were made, starting in the high
torque range for each wind tunnel "q", then gradually reducing the power

input to the proveller, This procedure tended t¢ heat the model rapidly



in the torque range where temperature effects were small, and once
hot the model did not cool off ranidly as power was decreased, This
operating technique gave inmproved consistency in the propeller dats
obtained, .

In working up the propeller data, some scatber occurred
when the values of propulsive efficiency W?} were calculated and
plotted versus the speed power coefficient "Cg" direct from the observed
data, However, values of\%ha thrust coefficient T, = /2¢D% and the
torgue coefficient Qﬁ ”,2//§55v when plobted against V/nD gave definite
curves with small scatter. The method used in working up these data
consigted of ?lotting Te and N, against V/nDs fairing in & final curve
for each, picking off values of Te and Qp from this curve for given
values of V/nD and caleulating ‘? and Cy, These calculated valves
of 7 versus Cg, and V/nD versus Cg were plotted with the exverimental
points and final curves drawn in favoring the caleulated values haszed
on the Ty and O, curves, This method apparently gives consistent and
relinble date,

Results

The curves of nmoment coefficient versus 1lift cosfficient
with power on and with no propeller were obtained in this investigation
with Tlaps continuous under the fuselage and with the stabilizer in the
top poasition., Thess results are shown in Figurse 2, Yhen compared o

the curves given in Figure 3, which are for a similar configuration

L6

excent that the horizontal stabilizer was in the botton position, it

unstable hump which cceurred nesr the gtall is

]

mey be seen that th
considerably reduced with the horizontal stabilizer in the top nosition.
¥ith flaps the improveﬁent is not as marked as without flaps; howsver,
it is evident that the hicher stabilizer vosition is desirable both

with and without sv»lit Tlans,

- B



The eurves of moment coeflficient versus lift goefficient
without $ail surfaces are shown in Plgures 2, 3 and 4. They ars |
normal and need no comment,

The propeller charaecteristics for bhlade angles of 32“, 569,
400 ané 44° at 75 percent raﬁiﬁs are shown in TFigure S; It will bhe
noted that thers is only a slicht deerease in the yea& propulsive
efficiency at high blade angles.

The present tests were conducied using the threc bladed
propellesy uaeé'by Je 8. Rusgell and H, . McCoy, excep% that ten
percent of the blade length was ecut off each blade at the $ip. Their
tests were carried oub on & high wing monaplane;}wheraas the present
date were obtained with a low wing monoplane. Comparing the curve
of “7"versus "0g" obtained for a blade angle of 32 degrees to thai
obtained previéusiy as shown in Figure 8, it may be seen tnat eutbing
off the blsdes has reduced the peak effici@néy abaut~aﬁe and one-half
percent and that the propulsive efficlency falls off more rapidly ab
high values of Cge The "7 /nD" versus "Cg" curve for Q of 32 degrees
lies sbove and to the left of that obitained on the pyé&ieus test,
This should be of interest in that it shows the genera;}effeﬁt of
cutting off the tipsg of propeller blades on a three biéaad pfépelleﬁ,

Gonclusions

{a) Stability Tests

With the horizontal stabilizer in the top peosition and with
split flaps, power bends to decrease the shability in pewer—on gliding
flight, The decrease in power on stability becomes mueh grester with |
inereased values of up elevator angle. The unstable humps whigh
cecurred when the horizonitael sitabilizer was on the thrust line are
gonaiderably raéueeé if the horizontal stabilizer is mounted in the

top vosition shown in Pigure 1,



(b} Propeller Tests

Satisfactory propeller data can be obtained with the

present GALCIT power model, the largest source of error now being

due %o temperature variation in the torgue mechanism. Careful

control of this temperature by proper operating procedurse must be

carried out in ordsr %o insure reliable resulis, Improvement lies

in the direction of more accurate temperature control for the torque

mechanism, The propeller data cbtained are of interest in that they

give the characteristics of a three bladed propeller mounted on a

low wing monoplane with an N,A.C.A. cowling, at high vropeller blade

angles, They also show the general effect of cubting off the tins

of propeller blades on the propeller characteristics and their

mutual relations to ssch other,



N

A

3

TOFP FOSITION
UPPERMIDDLE

|
! \
|
RN T S ‘JT

257 ”

MODEL DATA

WING AREA 8 /4 SQFT.

ASPECT RATIO OF WINGS  5.97
ASFECT RATIO OF 7R/, 393

MA.C. LZ2IFT

WING SECTION CLARK'Y”

SCALE Y

THIS PORTION OF FLAPS WAS ITEPMOYED FOR ONE
TEST WITH FLAFRS

WING CHORD PARALLEL TO THRUST LINE

/ HORIZONTAL TAIL AREA /49 SG.FT

PROPELLER DIANMETER /8B /NVCHES



1

ER.FUSEL

unb

\CONTINUQUS.

P pemix

SPA

FlG 2



SET .

K

ZE

BILL

v

SV S AU S DI

FIG. 3



FlG.4



i i
i H H
;
: i
i / ]

i
i

| : : ; ‘ " , : L | , : ;
; — -4 - * ¢ + T i i i : N
; r H ; , i : + i ! ; i ! : ; ; : H
H B 4 d f i B oL o e - H, i - A T P M . p - S A RN
: ; 7 i ; H : i i R ! : R : ' : ] ¢ H H
i i | f/ : i H H H H ¢ i i H | i i i H i i ;
‘- : / , o 7 e : S - JURD U HD VUL SR I P
h . | l ! o H H 1 . : ¢ i i . t : ;
i ] . ; i i i i i v, : . H
: : ! ; : : ; ; i i : : H
i - : SRR A o T - L . b ; i
i i ! . i :
i
T
1

- fk‘LZME oF MAx. 77 For Cs

fon)
iy

,Cb‘

,' , *
”  THREE BIADED PROPELLER EHARACIERISTICS
i/\ b AT _BLADE ANGLES ABOVE 32° .
‘ ] | resewsive eeicienty ans movAce RATio _ve. |
| srre.rower coredicient rom piant amsies | g

s i ; : S Ik

i | oF | 32° 3&°  #0° AND ¥4°. LB

FrRoM Y& 5C

LE Mob

PR R A
t L. T, .ST}USI%N&
R !

AMILTON =57

ANDARD

_IALL0 B

ADE

EOR

N VY

S O P

TH _I0 PERCENT

QF T1P.

cur.

QEE

i L

e S - AT ERFENNES D e e B P S e e L
CALIF INSE. OF TECH. | SEPTEMBER 936 . LTOMPR CPLBOASTER O34

i

¢ F
] S P DR R T B

[ I i e i
i } ] i

] 1 i I H ' H I | ! - . :
: { H | i il H i

30 35 % 40

ot







