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RESEARCH MEMORANDUM

for the
Civil Aeromautics Administration
STICE-FIXED STABILITY AND CONTROL CHARACTERISTICS OF THE
CONSOLIDATED VULTEE MODEL 240 ATRPLANE AS ESTIMATED
FROM TESTS OF A 0.0392-SCALE POWERED MODEL

By George B. McCullough, James A. Weilberg,
and Donald E. Gault

SIHMMARY

Estimates of the static stick—Pixed stabillity and control
characteristics of the Consolidated Vultee model 240 alrplems are
presented in this report. The estimates are based on tests of a
0.092—scale powered model in the 10-foot wind tunnel of the
Guggenheim Aeronauticel Laboratory of the California Institute of
Technology.

Results of the analysis are evaluated in terms of the Army
specifications for stebility and control characteristics which are
more specific and, in general, squal to or more rigid than the Civil
Asronautice Administration requirements. The stick—fixed stabllity
and control characteristics of the Consoclldated Vultee model 240
were found to be satisfectory except for the following:

1. Marginal longitudinal stability in the landing approach
(flaps 30°, 50-percent mayimm continuous power) with
aft center of gravity (31 percent M.A.C.)

2. Marginal rudder control to hold zerc sideslip in a climb
after take—off with asymmetric power (flaps 30°, left
engine lnoperative, right engine delivering take—off
power) with maximum rudder throw limited to +18°

3. Marginsl dihedral effect with flaps 40° and engines deliver—
ing maximum continuoues power


http://www.abbottaerospace.com/technical-library

y

NACA BM No. ATF19 2

INTRODUCTION

In order to facilitate Plight tests of the Consolidated Vuliee
model 240 airplane, estimates of the stick—fixed stebility and
control characteristics have been made. These estimates were mede
at the request of the Civil Aeronautics Administretion and are based
on tests of a 0.092-scale powered model in the GALCIT 10-Ffoot wind
tunnel (references 1 and 2). Hinge moments on control surfaces
comparablé to those on the Consolidated Vultee model 240 were not
avellable; consequently, the sticlk—free characteristics of the air—
plens are not presented. The estimated flying qualities are
evaluated on the basis of the Army Air Forces specifications for
stability and control characteristics of airplanes (reference 3).
Ths generally more specific and rigld nature of these specificatlions
systenatizes the discussion and insures compliance with the flying-

uzlities requirements conteined in the Clvil Air Regulations
reforence 4).

DESCRIPTICN OF THE AITRPLANE

The Consolidated Vultee modsl 240 airplane is a twin-engine
low—wing transport of conventionsl design. It has partial-span’
Fowler—iype fleps and a fully retiracteble tricycle lending gesar.

A three—view drawing of the alrplens ls shown in figure 1, and major
dimensions are given in tables I, II, and III. Drawlngs showlng the
wing end empennage gecmetry are presented in figures 2, 3, and L.
The elevators and rudder have straight—slded conbowr with plain
sharp-nose balance. The ailerons are ‘true contour and have an
unsealed symetrical medium-nose balance. All the control surfaces
are equipped with spring tabs. The tab dimensions end spring
constants are given in table III. The elevetor trim tab is also
intercommscted with the Fflap operating mechanism to reduce trim
changes due to flap operation and reduce control forces in landing.
The linkage is such that operation of the flaps produces a trim-tab
motion which moves the elevator in a dlrectlion tending to hold
constant speed. lLanding forces are reduced by ueing the trim ted
as a d1fferential servo teb which cperates only with relative large
up-elevator deflections (54 = 12° down et B = 25° up).

RESULTS AND DISCUSSION

The paragrarh numbering system of reference 3 is retained in

the following discussion of the flying gualities of the Comsolidated

Vultee model 240 airplane to facllitate cross reference to the Army
requirements.
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The stick—fixed stebility and control characteristice only are
presented because hinge-moment data for control surfaces compareble
to those of the Comsolidated Vulkee model 240 were not available.
It was not consldered Justifisble to present in this report the
results .of control-force computations based on sectlon data, since
such computations would -only be comparable to a preliminsry design
estimate. The velue of such an estimate would be further lessensd
by the uncertainties introduced by the complex tab arrangements on
the airplans.

All control—surface deflectlons are with tabs undeflected.
Symbols and coefficlents used throughout the report are defined in
‘the eppendix.

Longitudinal Stablillty and Contbtrol

D2 Static Longitudinel Stability.— The statlic longlitudinsl

stability (stick fixed) 1s presented in the form of the variation

of elevator deflection with indicated airspeed (fig. 5), and also
as the variation of meutrel point with 1ift coefficient (fig. 6) for
the following flight condltions:

Condition Power Flaps | Gear
Giide 10:i0 ¢ Up Up

' Climb Rated* Up Tp
Approach | 0.5 Rated | . 30° | pown
Landing ofe - To Down

*Maximmm continuous power at sea level.

The estlmates are presented for the most forward and most aft center—
of—gravlty positions of the alrplene shown in the following table:

Center—of—gravity poslition | Grogs weight
percent M.A.C. (1b)

31 39,000
13 : 37,143
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Figures 5 and 6 indicate that stick—fixed static longitudinal
stebility will exist for all the required flight conditions within
the specified speed ranges. However, in the approach condition with
aft center of gravity (0.31 M.A.C.) the stability is low and the
alirplane becomes unstable at speeds below gbout 110 miles per hour
(1.2Vgy), the lower limit of the speed range for which stability is
required. Similar instability is shown (fig. 6) for e "balked"
landing (maximum continuous power with flaps 40°); however,
reference 3 does not require stabllity for thls condition.

It ghould be pointed out that for the flaps— and gear-aup
configuration with maximm continmous power the original wind—
tunnel date (reference 1) were obteined with an incorrect model
power setting to masitch this condition on the sirplans. Consequently,
to obtain the curves in figures 5 and 6 for flaps and gear up with
meximum continunous powsr, the data of reference 1 were adjusted
using the additional data pressnted in reference 2 which were
obtained in order to determine the effect on stebility of this
erronsous power setting. The date of reference 2 showed that the
model power originslly set to match maximm continuous power with
flaps and gear up was in error by an amount equivalent to & constant
decrement in thrust coefficient T of 0.045. Correcting the power
setting produced & change in trim of sbout 0.25C1 with little effect
on (d0m/dCL)pg. The effect on stability of this erronecus power
setting as shown in figure 7 was small, amounting to epproximestely
2-percent shift In peuiral point. The dats presented in figures 5
and 6 have been sdjusted for the correct power settings.

P=3.3 BElevator Control Power.— The most critical requirement

for elevator control is normelly in landing. The sufficlency of the
Consolidated Vultee model 240 elevator control for this condition is
shownp in figure 8 by the veriation of elevator deflectiom with air—
speed for the landing configuration (flaps 40°, power off in the
Presence of the ground). It was necessary to extrapolate the curves
in the low-speed range because CLy.y in the wind tunnel is less
then the estimsted full-scele value. This figure shows that there
is sufficlent elsvator control (25° maximm up-elevator) to hold the
airplene off the ground at speeds down to Vgy. Reference 3 requires
elevator contrcl down to only 1.05Vsy. At 1.05Vgr, the Consolidated
Vultee model 240 will heve & margin of 5° up-elevator.

Directionel Steblillity and Control

E-2 Statlc Directional Stebility.— The directional character—
istice In steedy sidesllips were determined for the following
conditions of flight and are presented in figure 9:
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| Speed. Gross welght | -

Condition | Power (mph) (1b) Flaps | Gear |
Glide off | 202(1.8Vsg) 39,000 0° Up
Climb- |Rated®| 202(1.8vgg) 39,000 o° | wmp O

Landing off | 117(1.bvsy) 37,143 k0o | Dowvm

" ub

Balked. a
ing Rated™ | 102(1.2Vsy,) 37,143 4o | Down

SMaximm continuous- power at sea level. )

PThe approach condfition (flaps 30° 0.5 marimum continuous
power) was not investigated because the wind—bunnel
tests did not include a determination of the steady
sideslip characteristica for this condltion.

E-2.1 Rudder—fixed Directlional Stability.— Reference to figure 9
shows that directlonsl stabllity ee shown by the variation of rudder

doflection with sideslip angle existe for the steady sldeslip condi-
tions listed in the preceding teble. Thse variation of rudder angle
with angle of sldeslip ls approximately linear.

E-3 4t Rudder Control Power.— For a multiengine sirplane, the
critical criterion for rudder conirol is that the alrplane be abls
to meintaln a stralght unyawed heading when one engine feils iIn a
climb after take—off. The &bllity of the Consolidated Vultee model
240 to méet this requirement is shown in Pilgure 10 where the rudder
deflection required to hold zero sideslip end the corresponding
aileron deflection and angle of bank are given as a functlon of
speed with fleps down 30°, left engine inoperative, and right engine
delivering take—off power. This Pigure shows that 18° of rudder
(maximum deflection) is just sufficient to hold zero sideslip down
to 110 miles per hour (1.2Vg, with flaps 30°). These computetions
are for zero tab deflection; consequenitly, when the tab ls deflected
to trim, the rudder required. to hold zero sidesli_g wlll become
marginal if maximm rudder throw is limited to 18°.

As was mentioned previocuely, the data of reference 1 were
obtained with an erronsous model power setting to match the power
on the airplans. In order to obtaln the curves shown in flgure 10,
the originasl data were adjJusted using the data of reference 2 which
were obtalned to determine the effects of the error in model power
setting. The rudder con'brol thus eetimated will be marginal;
whereas the original " data of reference 1 indicated & margin of 7°
of rudder at 1.2Vg, as shown by the dashed curves in figure 10.
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‘F-2,.1 Statlic Lateral Stability.— Statlc lateral stabllity in
steady eldeslip &s indiceted in figure 9 by the variation of alleron
deflection with sideslip aengle 1s positive (increase in right
aileron with increase in right sideslip and vice versa) for all
flight conditions investigated except balked landing (flaps 40°,
meximum conbtinuous power) where the stabllity i1s marginal to slightly
unstable. However, 1t is not required (reference 3) that a transport-—
type airplane for which the Consolidated Vultes model 240 i1s to be
used be laterelly stable in this flight condition. The basic wind—
tunnel data show positive dC3/d¥ for constant rudder deflection,
but the roll dus to rudder deflection is sufficient to give a
marginal or slightly unstable varistion of aileron deflectlon with
sideslip angle 1in steady sideslips. Steady sideslip characteristics
for the normal spproach condition (fleps 30°, 0.5 maximum continuous
power) are not presented because data for this condition were not
obtained in the wind~btunnel tests. However, & comperison of the
wind—tunnel dsta (reference 1) with rudder undeflected for Fflaps 30°
and 4O° indicate that the lateral staebility in a normsl approach
will probably be low or merginal.

F-2.3 Variation of Sideforce wlth Sidesllip.— The asngle of bank
developed in steady sideslips for the power and flap conditions
listed in the foregoing table is presented in figure 9. The varie—
tion of side force with angle of sidesllp for all conditlions Investi-—
gated has a positive slope (increase in right bank with increase in
right sideslip, and vice versa), thus satisfying the requirement of
reference 3.

F3.h Alleron Control Power.— The critical condition for alleron
rower is the abllity of the aillerons to produce the required wing-
tip helix angle pb/2V when the alrplane is rolled with the rudder
locked. Estimates of ©pb/2V were made for the Consolidated Vultee
model 240 based on the GALCIT aileron—effectivensss date (reference 1)
converted to full scale by means of factors obtained from comparison
of data obtained in the Ames T— by 10— and 4O~ by 80-foot wind tunmels.
For the hlgh-speed comdition (303 mph, flaps up) the estimated value
of pb/2V for full aileron deflection is 0.083, and for the low—
speed condition (1.1Vsy based on CIy,y in the wind tunnel, flaps
down) the value i1s 0.076. These are above the required minimum value
of 0,07 for thls type airplane.

CONCLUSIORS _

. For the conditlons investigated, the Consolidated Vultee model
2h0 girplane has the following flying cheracteristics estimated from
tests of a 0.092-scale powered model. The flying qualities ars evalu—

ated in terms of the Army specificstione for stebllity and control
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(reference 3} which are more specific and, in general, equal to
or more rigid than the Civil Asronautics Administration requirements:

1. Stabic stick—fixed longitudinal sgtability exlsts within the
speed ranges speclfied in reference 3 for both flaps up and flaps
down for all power conditions Ffor the normal center—of-gravity range
of from lg percent to 31 percent M.A.C. In the approach condition
(£1leps 30°, 0.5 maximm combtinucus power) with aft center of gravity
{(0.31 M.A.C ) the stability is low and the airplene becames unstable
below 110 miles per hour (1.2Vgs), the lower l:.mit of the speed
range for which stability is requlred.

2. The elevator control is sufficient to land the alrplans at
speeds down to Vgy, with a margin of 5° elevator at 1.05Vsy,.

3. Directlional stebillity, rudder fixed, is satisfactory.

k., Rudder control is marginal to hold zero sideslip in a climb
after take-off with asymmetric power (flaps 30°, left engine inoper—
ative, right engine delivering teke—off power) with meximm rudder
throw limited to +18°.

5. 'gic alleron-Tixed laberal stablliity ils adequate except
for flaps hO and engines dellvering meximum contlnuous power where
stebility ia marginal.

6. The side—force characteristics are satisfactory.

T. Aileron control power is sufficient to give a pb/2V rudder
locked of 0.083 flaps up and 0.076 flaps down with full aileron
deflection.

Ames Asronsutical Laboratory,
National Advisory Committee for Aeromautlcs,
Moffett Fleld, Cslif,
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APPENDIX
SIMBOILS AND CCEFFICIERTS

The coefficients used are of NACA standard form and are
deofined as follows:

CL 11t coefficient (L/gS)
¢ rolling-moment coefficient (L*/qSb)

Cm pitching-moment coefficient (M/qSc)
T thrust coefficient (T/pVeD?)

whexe
b wing span, feet
c wing mean serodynamic chord, feet
propeller dlameter, feet
L 1ift, pounds
Lt rolling moment, foot~pounds
M pitching moment, foot—pounds .
q dynamic pressure (acV2), pounds per square foot
s wing area, square feet
T effective thrust, pounds
v airspeed, feet per second
p mass density of air, sluge per cubic foot

All moments are referred to the stability exes and all forces
are referred to the wind axes.

The power of the ailerons is expressed as:

wilng—tip helix angle, radians

3
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where

P rolling velocity, radiens per second
Addltional symbols used are:

Vi indicated alrspeed, mlles per hour

¥s girplane stalling speed, miles per hour

Vsa airplane stalling speed in the approach configuration
(50-percent normal rated power, flaps 30°, gear down),

miles per hour

Vsy, alrplane stalling speed in the landing configuration
(power off, flsps 40°, gear down), miles per hour

Ve alrplans stalling speed in the glide configuration
(power off, fleps and gear up), miles per hour

B angle of sideslip, degrees

5 movable surface deflection

® angle of bank, degrees

¥ angle of yaw (= — B), degrees
Subscripts

e elevator

r rudder

a aileron

hig flap

t tab
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TABIE I.— POWER AND LOADING CONDITIORS CONSOLIDATED
VULTEE MODEL 240 ATRPLANE

EDZINE ¢ ¢« « ¢ « o« o ¢« « o' ¢ o« « « o Pratt & Whitney R-2800-CALT
Ratings « ¢ « o« o = + ¢ o o « « o « ¢ s s « + + » Bhp/romfalt
Maximum continmous « « « « « « » o « « o « o o 1900/2600/5000

) 1700/2600/14, 000

Take—OFff « « « o + v o s o o o o o s o« « o« -« 2k00/2800/SL
Reduction gear ratlo « - » o « « « ¢ s o s ¢ « o o « « «» 0,450

Supercharger . « « two-speed, single-—stage

Propeller® . . . . ... . ¢ .« . .« . Hamilton Stendard 2HLTB3-LUER
DIAMOLOr o« o ¢ « s o o « o o ¢ + o » o s o o o o« » 13.083 £%
Aotivity factor. + & ¢ ¢ ¢ 4 it f o 4 e e - s s v s e s o 16k
Eum'berofblaﬂss.......-.............three

Loading conditions
DOBLZN ¢« ¢ « o o « ¢ o o o s o s o s s e s a s s o« 39,000 1Ib
Tanding « ¢ o o« ¢ o o o ¢ o o s o s & o s a4 o = s« « 37,143 Ib
Forward center of gravity. . « « « « « « « . 13 percent M.A.C,

APt center of gravity. . . 31 percent M.A.C.

AThe propellers on the model were made from l/8—scale models of a
three-blade Hamilton Stendard 654TA by trimming the blade tips
to a diameter of 1.219 feet (13.25 feet full scale) giving an
activity factor of 140.
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TABLE II.— BASIC DIMENSIONAL DATA OF THE CONSOLIDATED
VULTEE MODEL 240 ATRFLANE

rees wng  [Borizonted] Tertieed

Area (sq £t) 817.19 232.7 125.4%
Span (ft) 91.76 36.45 - 1%.10P
Aspect ratio 10.3 5.7 1.6
Taper | ratio «333 «333 +«305
M.A.C. (£%) 9.72. T.0k 9.66
Dihedral 4.83° o° —_————
Incidence® 4,00 0.5 o°

(Root chord)
Geometric twist 2,229 at 30.7 o° o°

Pt at tip

Root section 63,1202 65:-012 '| 65;=012
Tip section 63,4515 65012 | 651-012
Percent lins 61.8 65 65

straight |
Tail length _——_ 35.16 '3!;.91

(from 0.25 M.A.C.
wing to 0.25 *°

M.A.C. tail, £t)

8prea above fuselage including tip falring, less dorsal.

Pless tip falring.

°With respect to fuselage reference line.

463 JH-419 at 30..":{ percent semispan.
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TABLE IIY.— DIMENSIONAL CHARACTERISTICS (F THE MOVABIE SURFACES OF THE CONSOLIDATED VULTER MIEL 240 ATRPLANE

Tten Elevators Rudder Flaps Allerons
Aree. aft hings line (mq £t both sides) 59.0 1.0 135.h4 43.82
Span (£t ore pide) 1%.20 513,38 27.67 17.50
‘Root-miean-square chord (£6) 2,16 3ol 2.62 1.26
o]
| Binge-line location (pexcent chord) 65.0 65.0 -~ = 80.0
Aerodynamlc balance (percent of control 45 45 —_—— 4o
chord aft of hinge lins)
Type Plain sharp nose Plain sharp nose Fovler | Symmetrical
flap mediym nose
Travo), 25° up, 15° down 418° 40° down £20°
Control tab Ope tab on left Inboard end of _——— Outhoard of
elovator (see fig. 3) | rudder (see fig. 4) trim tab
(800 fig. 2)
Area (each tab, sq ft) h.0B 3.00 —_— 1.79
Span (each tab, ft) 6.h 3.62 —_— 3.88
Root-mean~aquare chord (ft) 64 .83 e | ————
Chord (percent of mein surface chord 25 20 —_—— 25
aft of hinge lipe)
Control tab spring constant (Pt-lb per 4] 17 ~ =~ |5(one alleron)
deg tab deflection) 10 (total)
Travel 9% vp, 15° down )2° - —— +3.0°
Trim tab Ope tab on right Outboard of oon— ——— | Inboaxi emd
elovator (see f£ig. 3) | trol tab (see f£ig. ) of aileron
Area (sach tab, sq £t) 4.08 3.23 - 1.32
SI)ﬂ-n (B&Oh t&b, ft) 6.4 5.2 ——— 3-51|-
Root-mean~-equare chord (£t) .6k .63 ——— |, ———
Chord (percent of main surface chord 25 20 - - 25
aft of hings lipse)
Pravel 9% up, 12° dowm 450 e #10°
Control movement gt point of application
of pilot effort for full BCO .
13.9 6,00 —— 81809

6TILY *ON WY VovN

daflection, tabes locked ‘ i .
8lems tip fairing. Assuming zero cable stretch.

CMovement for li-inch-diemeter wheel.
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FIGURE IEGEWDS

Figurs l.— General arrangement of the Consolidated Vultee Model 2h0
airplane.

Figure 2.— Wing gecmetry. Consolidated Vultee Model 240 airplame.

Figure 3.— Horizontal tail geometry. Consolidated Vultee Model 240
airplane.

Figure k.~ Vertical tail geometry. Consolidated Vultee Model 24O
airplane.

Figure 5.— Longitudinal characteristics in steasdy etraight flight &t
sea level. Consolidated Vultee Model 240 airplane. (a) Flaps up.

Figure 5.— Concluded. (b) Flaps down.

Figure 6.— Neutral point veriation with 1ift coefficient. Consolidsted
Vultee Model 240.

Figure T7.— Effect of incorrect model power setting on longlitudinal
characteristics. Comsolidated Vultee Model 240, flaps and gear up,
maximum continuous power.

Figure 8.— Blevator control characteristics in landing. Consolidsated
Vultee Model 240 airplane, flaps LO° geer down, propellers '
windmilling, 37,143 1b. g.w.

Figure 9.— Characteristics in steady sldeslips. Consolideted Vultee
Model 240 airplene. (a) Flaps up, V3 = 202 mph (1.8Vsg).

Figure S.—Concluded. (b) Flaps 40°, gear down.

Figure 10.~ Rudder control characteristics in asymmetric power
take~off. Consolidsted Vultee Model 240 airplane, flaps 30°, gear
up, left engine inoperative (propeller windmilling) righ'b engine
delivering take—off power, 37,143 1b. g.w.
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Note: All dimensions
inches full scale.

i~ 3036

b ————

—  —5/29 ——

5z22.2

— /2 prop. clearance

300~ [

3

e

Figure |.— General arrangement of the Consolidated
Vultee Model 240 airplane.

NATIONAL ADVISORY CCMMITTEE FOR AERONAUTICS
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plane and are Inches full scale.

Figure 2.- Wing geometry. Consolidaled Vultee Mode! 240 airplane.
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airplane

-~ 2188 —
\

#

"z stralght
fus. sta. sides
8165
1 ; G356y
409 £
' | 25 ¢,
_ 1705 76.8 o — I
®tab on righ! elevaior typical section

Is used for trim |

Note: All dimensions
Inches full scale.

Figure 3.- Horizontal tail geometry. Consolidated Vultee Model 240 airplane.

NATIONAL ADVISQRY GOMMITTEE FOR AERCNAUTIGS
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148.5 .25gap
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§ g\ 624
/ ! Note: All dimensions
8.5, inches full scale.
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3\ | 435
s |
_ WL 106.64
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1
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Figure 4.~ Vertical tail geomeiry.

Consolidated Vultee Model 240 airplane.
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Figure 5.~ Longitudinal characteristics in steady straight flight
at sea leve!. Consolidated Vultee Mode! 240 airplane.
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Figure 6.—- Neutral point variation with lift coefficient.
Consolidated Vultee Model 240.
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longitudinal characteristics. Consolidated Vullee
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Figure 8.~ Elevator control characteristics in landing.
Consolidated Vultee Model 240 airplane, flaps 40°
gear down, propellers windmilling, 37,143 [b. gw.
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Figure (0.- Rudder confrol/ characteristics in asymmetric power

take off. Consolidated Vultee Model! 240 airplane, flaps

. 30°, gear up, left engine inoperative (propeller windmilling)
right engine delivering lake-off power, 37,143 |b. gw.
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