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Flight tests have been ?naddto measure the changes .
In static longitudinal stability due to tilting the pro-

,..
7..

.
. .

... .
“..

.“

peller axis of an SB2C-3 airplane downward 3~. The

results of ~lese tesfs show that tilting the propeller
axis downward was beneficial in that the stick-free .

“heutral point moved aft 1 to 3 percent mean aerodynamic
“chord’~orthe climb “condition,1 percent In the approach

.:condition, and 2 to S percent in the wave-orf condition;
however, this increase in stability was appreciated by
the pilot only at a forward center-of-gravity.pos.ition-
where the airplane was unstable with the standard engine
but became stable when the tilted engine was installed. -

- Wl*h the .tlltedengine, trim forces due to power changes
: wbre reduced by 25 percent of the values obtained with
the standard engine Installation. “
.:” . . . .

INTRODUCTION ... . .:
. . . .

Analytical investigations &&d wind-tunnel tests
(reference 1) indicate that tilting the propeller axis
downward can result in beneficial changes in the static
longitudinal stability characteristics of an airplane.
Flying-qualities measurements (reference 2) ind$cated
that the SB2C-1 airplane was deficient in longitudinal
stability; Interest In the potential US9 of tilted
propeller axis to improve the lon,gltudlnalstability of
this and other Naval combat airoraft prompted the
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Bureau of Aeronautics, Navy .~”pa~&-en-t,to authorize the
modification of SB2C-3 &irplAne..No: 19332 so as to

~ilt the propeller =is dowgward.3~. ‘Flight tests at

the Patuxent Naval Air Station (re#’qrence’3) which were
made for a rear center-of-grav~ty position indicated .
that no differences existed between the ~irplane with
the tilted propeller axis and other SB2C-3 airplanes
with standard engine installations, but no quantitative
measurements were made. The 3ureau of Aeronautics,
therei’ore,requested that ”theLangley Laboratory instru-
ment the airplane and make more complete tests. The
tests wers conducted between January 25, lg~5.and Msrch 16,
19~5 . In order to eliminate errors due to differences
between production airplanes, only one airplane was uqed
and the p.ropel,leraxis tilt was altered by changing .
emine mounts. . .# ..

‘DESCRIPTIONOF AIllPLAITEAND TWIS
. .

The sZC-3 airplane (NQ. 19332) used in theie ie~ts”
differs from earlier models of tlie S@C airplane,.inthat
it is equipped with a V@lglhtR-26cMI-20engine -d a four-
blade Curtiss electric propeller (Curtiss Co. Drawing ~
No. C271200)● The engine installation was converted .
from the standard to the tilted installation by rep~acing .
the engine mount and a part of the cowling. A side Vit3W ..

of the airplane-with the tilted engine installed is shown.
in figure 1 and a close-up of the cowling for the tilted
and standard installation is shown in figure 2. The
tilted propeller axis was inclined downward 3.5° from
the standard Installation.

Static longitudinal stability characteristics were
measured for five configurations’tabuleted in the fol-
lowing table:

. .
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$tqndardengine
flenterof
gratim

Weight

Tiltedengi-ne
Centerof
gravitly

Weiight

8tandardengine
Centerof
gravity

weight

Tiltedengine
Centerof
gravi~

Weight

Standard engine
Centerof
gratity

Weight

Tiltedengine
Centerof

gravi~
Weight

Cltib

.-

- 22.0
12*252

21.4
12,120

25m7
L2,&

~22!++:
#-

32.1
13~126

31.7
13,220

4

:lide
-

21.2
11;973

“21.0
11,935

25.3
L2,455

,.
.**3

@s&

32.1
L3,130

31.4
13,025

mre-ofi

.21.9
12,Zjo

20.4
11,725

“ 24.8
12,22p

211.8
12,625

31.8
12,874

31.1
12,745

Approaoh

20.6
11,815

.25.0, .
12,315

~.1
12,780

31.9
12,976 “

31.2
L2,855

Lfiading

21.5
i2,120

11:;;

24*5
12,115

~24.4
12,455

31.9
12,975●

31.0
12#61@

,.

.

. ..
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“Except at near stalling speeds, the data were
obtained by “spot-record“ method wherein the speed of
the airplane Is changed by small increments and a record
Is obtained while the a.tiplaneIS flying steadily at
each speed. Ne~ the stalling speeds a continuous record
was obtained while the speed was gradually decreased.
Points read from these continuous records are identified
in fiLures 3 to 10 by flags on the symbols. Elevator
angles were measured with respect to the stabilizer
chord llne.
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The data -obtalhedwere measured by.the followlng -
standard NACA instruments synchronizedby a“cwonometric
ther :

Airspeed recorder
Elevatm-position reoorder
Reoording accelerometer (three-component]
Stick-force reoordar.
Yaw-finglereoorder
Recording .lnolino~etqr(longitudinal axis) i..

A“irspeedwas measured by an NACA free-swiveling
static head and a shielded total head mounted on G
straight boom.approximately 1 chord length ahead of t-ne
right wing tlp (f’i~.l). The Installation was cali-
brated for position error by the trailing-bomb method,
The term ‘~airspeedlras used In this report is the service
indicated airspeed defined by the equation:

where

VI service indicated airspeed in miles pm hcur; that
is, the readl~ that wonld be given by a standard
Arm~-}?av~ airspeed meter If”it were Gonaected to
a pltot-static system free from position error

fo standard sea-level com~essibility correction factor

q(j messuzze differential In Inches of’water b~tween
total and static head, correuted for position
error

. .

RESULTS AND DISW.ES1ON

..
The elevator stick Porces due to friction In the “

control s~stem was measured on the ground and these data .
(fig. 3) show that stick forcsesdue to friction were. approximately X3.5 poun@ throughout the deflection . “
range. Static stablllty data for each of the five eon- .
figuratlone with standard and tilted engine installation
are presented.in conventional form In-figures b“throu@ &
These data sre replotted as a funotion of”alrplane

I ■ lmm■ 11~ .—— — . . . . .
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- normal-force coefficient in fi~es 9 and 10 and the
graphical determination,of neutmal,points from these
replots is presented In figure 11. A summary plot showing
the variation of’neutral-point location Wltki normal-force
coefficient Is presented in figure 12.

The data presented herein show t~,attlltln~ the
propeller axis down 3f lncreasod the stability an amount

corresponding to a rearward shift in the stick-free
neutral point ranging from I to 3 percent mean aerody-
namic chord in climb conditions, 1 percent in the ap~oah
condition, and 2 to 5 percent in the wave-off’condition.
The pilot, however, did not appreciate the lmprover~ent
exoept at the extreme forward center-of-gravity position.
Tests at this extreme forward ceilter-of-gravitypositim,
well forward of the normal service center-of-gravity
range, were included In order that the airplcne with
tilted engine be tested at a center of’gravity forward
of the stfck-free neutral point for all conditions. The
data In ffgu.re11 show that the airplane wf,sunstable
for sone conditions with the standard en~i~m but was
stable for all conditions wtth the tilted sn~ina. It
appears, therefore, that the pilot collld&ppreciate the-
Improved stability whan the cha~e went from an unstable
to a stable ccndltlon but that it was diffigu2.t,in
cases where the airplane was unsta.hlewith both cn@.ne
installations, to ascertain which of the two unsatis-
factory conditions was more undesirable.

Trim-force changes with ohan~es in power and flap
settin~ were elso measured and the results are ;mesented
in table 1. Examination of these data Indicates that
tiltlng the propeller axis reduced the trim-force changes
clueto power by approximately 25 percent of the force
changes that occurred with the standard engine
installation.

The propeller axis inclination was measured in
level f’llghtat 230 miles per hour, service indicated
airspeed. These measurements showed that the inclinat-
ion of the ropellor axis with respect to the flight
path was 2.08 up for the standa~d engine and 0+70 down
for the tilted engine. Because the change In engine
tilt was 3.5°, these measurements indleate that the .an<le
of attack of the airplane was O.~c greater with the . “
tilted engine installation than with the standard engino
installation. The”t).80change in airplane angle of

I
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attack may he accounted fon approximately by the changes
In resultant normal forces”on the propeller and the
lmrizontal”tall. “ .-. . . .. .,.-.---

..., . . .
~....

..m. CONCLUSIONS

7 Tilting”the pr~peller axis Improved the static
longi~&llnal stablllty of the S~C.3 airplane, but the
oha @ was not.sufficiently l~gemto @e the.atrplane

Ystab e In all normal service fli@t condition. It.was
therefore difficult for tine-pilotto appreciate the
tiprove-nt.ln”.lo~~tudinal Stabili,ty.except at an
extreme ~orw~d Geh$.er-of-gravitypbs-ftionwhere thb
airplane Wilih”n6rmalengine .inptalla$,$.itn“wasunstable
in some conditions but tho!airplane W$tE.tflted engine
Installation was stable In all kllgbt””cohditlonstested.

2. With the tilted engine, stick-foroe changes due
to power changes were reduced by apmoxlmately 25 per-
cent of the values with the etanderd enElne Installation.

I,anqley?remorialAeronautical Laboratory
ITationalAdvisory Committee fox Aeronautics

Langley Field, Va.

.
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TW I.- CHAJK?EIll ELEYATCRSTICKFORCEYiITHCHANGESIHAIRPLMECOWIGURATIOB :

I

Cltiboonditiontrimat 120milesperhour

pullforoe I Pullforoe

ITiltedengiae,

I

Standardengine,~Tiltedengine, Standardengine,
Candition Tab4.3°n. up Tab3.0°n. up

I
Tab1.5°n. up Tab1.3°n. down

e.g.0.~8 M.A.C* e.g.0.~3 M.A.C.e.g.0.~0(3M.A.C.a.g.0.317M.A.C.

cLIkm I 9
I

o I o I o

PO’wmoff,Oowl
flapscloeed 10 13 4 6,

Gearlower+ 12 13 7 9 -,
Hoodope% 6OW1

fkDS open 1 h. 11 & 8 8

Flapslowered 5.
Ratedpowere@ied ;

Iandingmnditlontrimat 100milesperhour

& S;;,%8 -7,:::,,, ~~;,gf:
tieM.A.C.mCm~a 0.3!)8 )LA.C.Q.g,0-315H.A.C.

LAEDZBG I o I 3 ~ i) I o

Ratedpowerapplie

I

-24 I -30 9~5 -13

Gearretraoted -27 ?5+ -10 -15

CoWlopened -25 ~~+ 9 -15
Flapsretraoted -3~5

I
-a -9 -17

Eoodclosed -19 -28 -9 -15.5

%leoordlinewentioff sosle,indicatingtlmtthe forceexceeded-35pounds.
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Figure1.- View from starboardsideofSB2C -3airplanewithtiltedengineinstallation,
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(a) Tiltedengineinstallation.

(b) Standardengineinstallation.

Figure2.- Closeupofenginecowlinstallation.



Figure 3.- Elevator stick force due to friction and weight
moments as measured at three-point attitude cm
the ground ivith no load on the elevator. pr+
duction bobweight installed. Free air tempera-
ture10 degrees C. SB2C-3 airplane.
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Figure 5. Static longitudinal stability character i8tic8 of the sWC-3 airplane. “ .-”1
Glide condition: landing flaps and gear retracted, engine idling.

L-675



4--- -+- ~’ [ -+-
1 ! I l-m-l.._l. I , I I I I I I i ,5, - . ~-,

I I I I I I- 1--1.. ----/.I I 1~! 1 ,. .,, ;’— “..) w ! I +1 17I
I 1 1 1 1 I I 1 I Iv 1 I I I +. >.[--. t’t I.. tli –Ci-fi

!++-4
i.~.,,
r- j
., ..=. ... . .

:. I. MI-,!..-,-.

—-, .- —..
Figure5. Co;cluded.

——.

z
o.
r
CJl
m
1-



MR No. L5E19a

. .-

(a) Standard engine installation
Figure 6. Static longitudinal stability characteristics of the

SBPC-3airplane. Wave-off condition: landing flaps
and gear down, 3g in. Hg manifold pressure at 2400 rpm.
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(b) Engine tilted condition
Figure 6. Concluded.
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(a) Standard engine installation
Figure 7. Static longitudi~al stability characteristics of the

SB2C-3 airplane. Approach condition: landing gear
down , flaps + down, 21 in. Hg manifold pressure at
24OO rpm.

I
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(b) Engine tilted condition
Figure 7. Concluded. .

—— _.
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(a) standard engine installation
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Figure 6. Static lon~i:uu inal stability characteristics of the
sB2C-3 airplane. Landing condition: laming gem
and flaps down, engine idling.
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(b) Engine tilted condition
Figure 6. Concluded.
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(a) Climb snd glide condition
Figure 9. Standard engine installation SB2C-3 airplane static longitudinal stability

characteristics as a function of airplane normal fOTCe coefficient.
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(c) Landing condition
Figure 9. Concluded.
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(c) Landing condition
Figure 10. Concluded.
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Figure 11. Concluded.
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Figure 12. - Variation of neutral point

location with airplane
normal force coefficient.
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