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Ii - LONGITUDINAL STABILITY AND-GONTRQL CHARACTERISTICS
By H. L. Cramne, D. B. Talﬁage, énd %. E. Gray, Jr,

SUMMARY

This report presents the results of tests to deter-
mine the longltudinsel stabllity and control characterlstics
end the stalling characteristics of a DeHavilland Moaguito
F-8 girplene. Thls report has no bearing on the perform-
ance cheracterlistics, which were not measured, but which
were considered to be exceptionally good. Some desirable
features of the longitudinal handling qualities of the
F-8 airplane were:

1. The control forces 1n accelerated flight were
within the 7 to 38 pound per g range specified as
satisfactory over the test center~of-gravity range
(33.4 to 38.1 percent mean amerodynamlc chord).

2. The elevator control was adequate for 1ongi-
tudinal control during take-off and landlng and to
reach the stall in stralight or turning flight.

3. The trim changes due to flaps, power, and
landing gear were not excesslve and the power of
the elevator trimnming. tabs was adequete.

i, The stelling characteristics were very good
with adequate warning 1n the form of buffeting and
pltching. Lateral control could be maintalned after
the buffeting and pitching occurred. Recovery was
easlly accomplished by application of down elevator.
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Some undesirable features of the longltudinal
handling qualitlies were:

1. The alrplane was slightly unstable stick
fixed 1n the rated-power clean, gliding, landing,
approach, wave-off, and erulsing conditions with the
normal center-of-gravity posltion.

2. The alrplane was neutrslly stable or slightly
unstable stick free in the rated-power clean, landing,
approach, and wave-off conditlions wlth the normal
center-of-gravity position.

3. Although stable stick free the alrplane was
unstable stick fixed in high-speed turns wlth the
normal center-of-gravity poslitlon.

INTRODUCTION

Flight tests have been made to determine the flylng
qualities of a DeHavilland Mosqulito F-8 airplane. This
report presents the results of the tests to determine the
Jlongitudinal stabllity and control characteristics and
the stalling characteristics. The results of the tests
to determine the lateral and directlional stabllity and
control characteristlics have been presented in part I
(reference 1).

DESCRIPTION

The version of ths Mosqulto tested was a Canadlan
bullt, cemera-equipped F-8 airplane. A three-view
drawing of the alrplene i1s glvén in figure 1. A descrip-
tion, the general specificatlons, and several photographs
of the airplane were presented in reference 1. All the
control surfaces were metal-covered. The ellerons were
of the Frise balance type and ths elevator and rudder
had horn balances. There was a bobwelght in the elevator
system which required a pull force on the control wheel
of. approximately 10 pounds per g. The allerons and the
elevators were equipped with balancing tabs and the
:rudder with a spring tab. Cross sactions of the wing end
of the horlzontal and vertical tell surfaces are glven in
flgure 2. Flgure 3 shows the varlation of elevator posi-
tion with positlion-of the control column and flgure the
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varidtion- of the elevator balancing. tab sngle-wlth the -
elevator defleotion. The stretch in the elevator system
amounted to 1° per 25 pounds of control force. Elevator
deflections were measured with respect to the stabilizer.
The stabillzer incidenge was 1. 2° 1eading edge up and the
wing incidence was 1.5°.

INSTRUMENTATION. -

The instrumentation of the airplane for the flying-
qualities tests has been described In reference l. The
control surface angles were measured at the inboard ehds
of the surfaces. Elevator control columm end rudder
pedal posltlons were measured In the cockpit. To measure
the control-wheel forces, the service wheel was replaced
with one on which straln gages were mounted.

Service indicated alrspeed as used hereln corresponds
to the reading of a standard A-N type meter connscted to
& pltot-statlc system that 1s free from position error end
1s defined by the formula:

= L|_5.08fo \/'q:

where V1 is in miles per hour, fo is the compressibility

correction factor at sea level, and g 1s the correct
difference between total and statlic pressures 1n inches
of water. Statlc pressure was measured with & swiveling
statlc head mounted 1 chord length ahead of and slightly
below the right wing tip. The static head was calibrated
for position error by means of a trailing alirspeed bomb.
Total pressure was measured with a shielded total head
mounted at the right wing -tip.

TESTS, RESULTS, AND DISCUSSION

The results of the tests are eveluated in terms of
the specifications of reference 2.
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A. Longltudinal 8Steblillity and Control Characteristics
1-A. Dynamic longitudinal steblility

Short period oscillations were induced 1in the
clean condition with engines 1dling and with rated power
at 150 and 250 mliles per hour at an altitude of approxi-
mately 8000 feet. The procedure used was to trim the
elrplane, then abruptly pull up to approximately 2g and
release the control colum. Time historlies of two of these
pull-ups are presented in.flgure 5. Oscillatlons of. the
elevator occurred which did not disappear immediately
although they damped out in 2 eycles or less. The periocd
of the osclllation was short enough that the response of
the airplane was small, as shown by the records of normal
acceleration. There was a tendency for the alrplane to
osclllate longitudinally in rough alr which the pllot
notlced as a bouncing of the stlck. It seems llkely that
this tendency was caused by the bobweight.

2-A., Static longitudinal stebility

The static longitudlnal stability was measured

" at three center-of-gravity positions, approximately 33.5,
36.5, and 38 percent mesn aserodynamic chord with landing
goar up. The forward shift of the center of gravity due
to lowering the landing gear weas approximately 1.5 percent
mean aerodynamic chord. The weight of the alrplane at
take-off varied from 19,300 to 19,500 pournds. 1In the
presentatlon of dats, account has been taken of the effect
of fuel consumption on weight and center~of-gravity
position. The conditions in which the airplane was tested
and the flgures showlng the data obtained for ths three
center-of-gravity positions are lndicated in the following
table; :
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N S T Approxi-
Condition szgzigg Flaps| ing |snytters| mate trim|Fig-
gear | . speed |ur®
' (mph)
Rated .y
2650 rpm
gzgz; {7 psi voost| TP . Up Closed 280 6
. . Same tab _
Engines . setting as
Gliding| y4fing Up |.Up | Closed rated pover 7,10
. clean
Landing fgﬁgg“ Down |{Down | Open | ° 130 8
2650 rpm :
Wave off 7 ps; bogst Down |Down Open 130 8
Approach 36220:Em Down |Down Open 120 9
Crulsing,
2650 rpm
max] mum U U Open 180
renge L psi boost| P p P 9

Figures 6 to 9 contaln plots of the variation
of elevator position, elevator control force, sideslip
angle, and angle of bank in stralght flight egainst
indlicated alrspeed. The varlation of the elevator angle
wlth normal-force coefficlent and the varlation of elevator
force divided by the dynamic pressure F,/q, with normal-

force coefficlent are presented in figure 18 for the
gliding condition. The stlck-flxed and stick-free neutral
points were determined from the slopes of curves of this
type. The neutral points for a glven 1l1ft coefflclent are
defined as the centeE-of-gravity positions at which the

a6

—  end ——3§ are zero. The determination of
dCy dCy

the neutral points in the clean rated-power, gliding,
landing, end wave-off conditions for several normal-
force coefficlents is shown in figures 1l through 1l;.
Figure 15 shows the varliation of stick-flxed and stick-
free neutral points with normal-force coefficient.

slopes
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. The requirements of reference 2 state that with:
the center of gravity at 1ts rearward limit, the varia-
tion of elevator angle wlth speed must have a stable

slope within the speed renge specified for a glven flight
condition end the varlatlo of the elevator stick force
wlth speed shall be such that the forces are zero only

at trim speed and that push forces are requlred to
Increase speed from trim and pull forces to decrease speed.
Information received from the British Air Commlssion indi-
- cated that the permisslble aft centersof-gravity limit was
at 36 percent mean aserodynamic chord. It was assumed that
this 1imit was with the landing gear down and would there-
fore be 37.5 percent mean mserodyneamic chord with the
landing gear retrected. The normal center-of-gravity
position for the test alrplane at take-off was at approxi-
mately 35.5 percent mean aserodynamic chord with the
landing gear down. The only substantial variation beside
that due to the landing gesr was due to fuel consumption
which could cause forward shlfts of the center-of-gravity
position of as much as L. percent meen aserodynamic chord.
Since the normal center-of-gravity position was close to
the rearward 1imit, the longitudinal stabllity 1s discussed
in terma of the normal center-of-gravity position. Slightly
further aft loadings would occur 1f the long-range tanks
woere replaced with four 500-pound bombs. _

The followling conclusions were reached regarding
the static longitudinal stability of the F-8 airplane from
examination of figures 6 to 9 snd 15:

1. Rated-power, clean condition

Above 150 mlles per hour the alrplaene was
unstable stick fixed and neutrally stable stick
free with the nprmal center-of-gravity position,
37 percent mean asrodynamic chord, when trimmed
for level flight (280 miles per hour). -

2. Gliding condition

. Above 150 miles per hour the airplane was
unstable stlck flxed, but was stable stlick free
with the normal center-of-gravity posltion through-
out the speed range. There was some indication of
decreasing stick-free stability above 300 mlles per
hour. The trimming tab settings were the same as in
the rated-power clean condltion. Note: The pre-
ceding condltions correspond to the diving condition
of reference 2 but only extend to 80 percent of the
maximum dlving speed.
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. 3. Lending condition

With the normel center-of-gravlity position,
35.5 percent mean serodynamic chord, the airplane
was slightly unstable stlok fixed and stick free
except at the stalllng speed wvhen trimmed at
130 miles per hour,

L. wave-off condition

. ¥ith .the normal center-of-gravity position the
airplane was unstable stick fixed and stick free when
trimmed st 130 miles per hour.

5. Approach condition

With the normal center-of-gravity position,
25.5 percent mean serodynawlc chord, the alrplane
would be unstaeble stick flxed snd stick free for
a trim speed of 120 mlles per hour.

.6. Crulsing maximum~range condition

The alrplene would be neutrally stable both
stick fixed and stick free with the center of gravity
at 37 percent mean serodynamic chord when trirmed for
level flight at 180 miles per hour.

7. Crulsing condition

The stablllty 1n the crulsing conditlon was
estimated by anelysis of the deta for the rated-
power, clean, and gliding conditlons. Except below
approximately 150 mliles per hour the airplane would
be unstable sftick fixed. The airplane would be stable
stick free with the normal center<of-gravity position,
37 percent mean aerodynamic chord.

8. General

The statlc longltudinal stabllity requirements
of reference 2 were not satisfled in any case except
that atlck-free stabllity exlated in the cruising
and gliding conditions. The graedient of control
force with Indicated aelrspeed whether stable or
unstable was small except near the stall. Both
stick-fixed and stick-free stabllity increased near
the stall in all conditions except wave off.
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3=-A Longltudinal control
1. Longitudinal control in accelerated flight

a. Turns

The longltudinal stabllity and control
characteristics 1n accelerated flight were lnvesti-
gated in turns made 1n the rated-~-power, clean con-
dition at an altitude of apgroximately 10,000 feet.
A time history of a 3g, 180° left turn at ’280 milea
per hour 1s presented in figure 16. Spot records
were obtained in steady turns at 170, 230,
and 290 miles per hour at various accelerations.
Figure 17 presents curves of the varlation of elevator
control force with normal acceleration at each speed
for four center-of-gravity positions. Flgure 18
showa the variation of elevator position with air-
plane normal~force coefficlent in the turns.

The stick-fixed maneuver polints were
determined for a normal-force coeffliclent at the
middle of the range covered for each speed as the
center-of~gravity positions where values of the slove
d5,/dC;; &are zero in figure 19. The stick-fixed
meneuver point was et approximately 3l percent mean
aerodynamic chaord. at an indlcated alrspeed of
290 miles per hour and a normal-force coefflclent
of 0.l and moved aft with dscreasing speed or
increasing normel-force coefficlent.

The eapproximate change 1n elevator control
force 1In turns at2gand 3g with change in 1ndicated
eirspeed, shown in figure 20 at the four test center-
of-gravity positions, was determined by cross-
plotting the data of flgure 17. The stick-free
maneuver polnts were determined from figure 17 for
an ascceleration at tl:ea middle of the range covered
at each speed. The stlick-free maneuver points are
the center~of-grevity positions where values of the
slope dFe/dn ere zero in figure 19. The symbol n
represents normal acceleration in gravitational units.
The stlck-free mansuver point for a 2g turn at
290 miles per hour was at approximately 39 percent
mean aserodynamic chord and moved aft as the speed
decreased.
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. With the center of gravity at the normal
position, approximately 37 percent mean aserod
chord with the landing gear retracted, the F- air-
plane was stable stick flixed for low-speed turms at

. rated power.- The stabllity decreused with. speed

until 1t became negative at 230 miles per hour for
11ft coefficlents below 0.65 and at 290 miles per
hour throughout the test range of 1lift coefficlents.
However, the dangerous aft center-of-gravity limit,
deflined as the polnt where the force per g becomes
zero, was- always aft of 39 percent mean aerodynamic
chord. The pllot notlced that the stick-fixed sta-
bility in turns was approximately neutrel but .4id
not consider it to be objectionable since the force
was always 1n the right direction.

b. Abrupt pull-ups

The elevator control force and response to
elevator control were lnvestigated in abrupt pull-
ups in the clean conditlion with power for level
flight at 200 miles per hour in which the elsvator
was deflected repldly and returned to neutral end
fixed. The elapsed time required to deflect and
return the elevator was varled. This type of
meneuver has been used in some previous tests
to investigate undesirabls control force character-
1stics observed to occur in rapld maneuvers with
closely halanced elovators. Time histories of
typicel abrupt pull-ups are given In figure 21. The
variation of the gradlent of stick force per unit
scceleration F,/n wlth the elapsed time to deflsct

and return the elevator 1s presented In figure 22.
The increase in force for a glven acceleration with
the rapidity of the maneuver 1s approximately pro-
portional ‘to the increase in elevator deflection
required. This is an exploratory test for which no
definite requirements have been set up. However,

the increese of the force per g with the rapldity

of the maneuver was consldered to be satisfactory
and no undesirable characteristios in rapid maneuvers
were nqted.

C. Acceleration due to oooling shutters

An investigation was made at moderate
speeds of the effectiveness of the coollng shutters
as dive recovery flaps. The shutters ars shown 1n
figure 1. The shutters extendéd from the fuselage




10

MR Nb;_L5311 .

"to the nacelle on .the forward pert of "the under

surface -of the wing and had a chord of 8.5 inches,

The deflection between closed and open’ position under
no load was 13.5°., Time histories of normal accelera-
tion and of the position of the free elevator pro-
duced by opening the shutters after the alrplane had
been trimmed at 200, 250, and 300 miles per hour in

- the clean condition with power for level flight are

presented in flgure 23. The resulting normal accel~
eration increased steadlly with speed and was approxli-
mately 2.2g at 300 miles per hour. This limlted
investigation indlicates the possibllity that radlator
shutters of this type could slso be made to serve as
dlve recovery flaps.

2. ILongltudinal control in landlng

The longitudinal control in landing was satls-
factory. With the center of gravity at 35 percent
landing gear down, sbout 12° of up-elevator deflec-
tion or about one-half of that avallable was
requlred to lend. The corresponding control force
required in landing when the force had been trimmed
to zero at 125 miles per hour in the lending con-
dition was approxirately 50 pounds, pull: This
force was equal to the maxzximum conslidered satis-
fectory by the standards of reference 2. A time
history of =a typical landing was presented in refer-
ence 1.

In connection with the landing tests rough
moasurements were made of the rate of descent of
the F-8 at a wing loading of Li2 pounds per square foot
with two flap settings in the lending conditlion
(1anding gear down, englines 1dling). Figure 2l
presents plots of rate of descent as a function of
Indicated alrspeed at an eltitude of approximately
8000 feet and at sea level for the two flap settings.
The rate of descent at an indicated airspeed of
120 miles per hour (120 percent of the stalling
speed) at sea level was about 33 feet per second with
the flaps fully deflected or about 25 feet per sscond
with the flaps half deflected. It was indicated in
reference %, in the case of the B-26 alrplane, that
25 feet per second was thes maximum rate of descent
which the pllot consldered to be acceptable. Lendings
of the Mosquito were usually made with some power to
reducs the rate of descent somewhat.
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3. Longitudinel control in take-off .

*  The power of the elevator to control the
longl tudinal attitude during take-off was easily
adequate. However, due to the poor directional
control, which was discussed in reference 1, ralsing
the tall et low speeds was likely to result in )
violent yawing- tendencies. A time history of a take-
off in-which the tall was railsed at approximately
115 miles per hour with the center—of-gravitg at -
35.5 percent mean amerodynamic chord using 8° or
about one-third down elevator deflection was pre-
sented in reference 1.

. Longitudinal trimming control

The variation with speed of the power of the
elevator trimming tab in terms of pounds of control
force per degree of tab deflection 1s presented in
flgure 25 for the four principal flight conditions.
The tebs on both selevators acted as both trimming
and balancing tabs. The change 1n slevator hinge
moment coefficlent per degree of trimming tab
deflectlion was about 0.00. except in the rated-
power, clean condltlion at low sgeeds where the value
approached 0.006, It was possible to trim the elevator
control forces to zero thraughout the test center-
of-gravity range In any condition from the highest
speed reached to within a few percent of the stalling
gspeed.

5. Trim chenges due to flaps and power

The longltudinal trim changes due to flaps,
landing gear, and power with the center of gravity
at 32 percent mean aerodynamic chord (landing gear
down) and with the elevator trimming tab set 1.9°
up from the elevator at 130 mlles per hour were
measured to be as follows.:
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Poslition of Approxlmate
Flaps Laggigs Power setiting - conz%§§:¥g:ce
Down Down Levsi ;gi ht (2650 rpm, 1 pull
Down Down . Engines 1dling 7.5 pull
Down Down |Rated (2650 rpm, 7 psi) 5 push
Down Up |Rated (2650 rpm, 7 psi) 18 push

Up Up |Rated (2650 rpm, 7 psi) 18.5 pull

Up Up 2650 rpm, =4 psi 27 pull

Up Up Engines idling 18.5 pull

The trim changes were not excessive by the standards
of reference 1, but the nosing-up tendency due to
lowering the flaps was considered to be objectionsable.

6. Pltching moment due to sideslip

The pltching moment due to sldeslip has been
discussed in reference 1., In power-on condltions of
flight an undesirable pitching moment due to sideslip
and due to yawlng veloclty existed which made 1t
difficult to trim the alrplane in rough air.

CONTROL FRICTION

The frictlion in the elevator, rudder, and alleron
systems was measured on the ground at about 70° F in
terms of control forces. As shown below the alleron
friction requirement of reference 2 was not qulte
satisfled on the test alrplane,
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Friction &t - Maximum allowable
Control |neutral deflection|frletion at neutral
(1b) _ deflectlion
(1b)
Elevator 15 , 7
Rudder - 5 120
Alleron il 3.5

STALLING CHARACTERISTICS

Time histories of m stall approach and stall in the
rated-power, clean, glliding, landing, and wave-off condi-
tlions are given in figures 26 through 29. The stalling
characteristics were good in all conditions. Stall warning
conslsted of mild to seavere buffeting accompanied by
pltcehing oscillations., Marked up-elevator motion and an
Increase 1n pull force occurred near the stall execept
in the wave~off conditlion, where the warning was less
notlceable. Lateral control could be maintalned with
the allerons after the buffeting and pltching occurred.

At the stall there was s snatchlng of the allerons and

the alrplene rolled off usually to the left. To recover
from the stall a dovnward movement of the elevator was all
that was required.

A time history of a 2g right windup turn to the stall
made in the rated-power, clean condition 18 shown in flg-
ure 30. WYear the stall there was sn increase of pull
force and up-elevator deflection and some buffeting of
the rudder.

From the data of the stall tests an approxlmate
determination of maxlmum normal-force coefficlent was
made, In the cslculations account has been taken of
the effect of fusl consumption on the welght and of
variation 1n normel agcceleration from 1g. Three stall
runs were avallable in each condition. The meximum
scatter 1n the results was .about *0.1l. The followlng
table presents average vslues of maximum normal-force
coefflclent and the corresponding indicated aslrspeeds:
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Condltlon R A Cu. -

. - 1 .t 'Nma;
Rated power clean 90 1.6

G1liding 115 . 1.25

Landing 100 1.35

Wave off 8o - 2.45

Approach 82 2.3

'CONCLUSIOKS

The results of the tests to determine the longltudinal
stability .and control charscteristics of an F-8 slrplane
(AAF No. 13-33L690) mey be summarized as follows: .

1. Short-period longitudinel oscillations were
satl'sfactorily damped. However, there was a tendency for oo
the stick to bounce in rough alr.

2. At the normal center-of-gravity position, 37 per-
mean serodynamic chord with the landing geer up, the alr- .
plane was slightly unstable stick flxed and stick.free - .
in all conditions except that there wss posltive -stabllity,
stick free in the gliding and cruising meximum-range con-
ditiongs, and also neutrasl stablllty stick fixed in the
cruising maximum-renge condiltion.

2. At the normel center-of-gravity position 37 per-
cent mean aerodynemic chord during turns in the rated-
power, clean condlitlon the salrplane was unstable stlck
fixed at 230 miles per hour for 1lift coefficients below .
0.65 and at 290 miles per hour throughout the test range
of 1ift coefficlents. The stick-free stabllity was
poeitive over the test range of speeds and 11ft coeffi-~
cients. The renge of force per g values encountered 1n
the tests was between 7 and 35 pounds per g. Both of
these values are within the range speclfied for the
F=8 airplane. The dangerous aft center-of-gravity limit
was at 39 percent mean aerodynamlc chord where the force
per g became zero. The control forces requlred for
abrupt elevator motlons were satlisfactorily 1arge;

L. There was always sufficient elevetor deflectlon
for longitudinal control during take-off and landing or
to reach the stall in stralght or turning flight.
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5+« The power of the elevator trimming tabs was ede-
-quate and the trim changes due to flaps, power, and
landing gear were not excesslive. However, the directlion
of the trim change due to lowering the flaps, a nosing-
up tendency, was consldered to be objectlonable.

6. The stalling characteristics were very good.
There was adequate stall warning in the form of buffeting
and a marked incrsase in stablllty near the stall. The
stall warning was less proncunced in the wave-off con-
ditlion. As the stall developed a pltching osclillation
usually ensued followed by a roll off to the left.
Control could be melntalned beyond the stall and recovery
was accomplished by simply pushing the wheel forward.

Langley Memorial Aeronautical Laborator&
National Advlsory Committese for Aeronautlcs
Langley Fleld, Va.
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Figure 1. -~ Three-view drawing of DeHavilland
Mosquito F-8§ airplane.
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power clean condition, DeHavilland Mosquito

F-8 airplane,

Figure 19. - Determination of maneuver points for the rated-
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Figure 21. - Time histories of rapid pull-ups at 200 miles per
hour in the clean condition with power for level
fl1ight (2650 rpm, O boost, center of gravity at
33 percent mean aerodynamic chord, DeHavilland
Mogquito F-8 airplane.




MR No. L5G1l1

&

NATIONAL ADVISORY
OMMITTEE FOR AERONAUTICS

Figure 22, - Variation of elevator control force per g with the
rapidityv of the mmneuver, 2lean condition with
power for level flight at 200 miles per hour,
center of gravity at 33 percent mean aercdynamic
cnord, DeHavilland Mosquito F-8 airplane,
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Figure 23, - Time historles of normal acceleration, elevator position
and indicated airgpeed caused by opening the cooling
shutters while trimmed in the power on, clean condition,
with elevator free, center of gravity at 32 percént mean
aerodynamic chord, DeHavilland Mosquito F-8 airplane.
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Figure 26, - Time history-of a stall in the rated-power clean
condition, center of gravity at 36.8 percent
mean aerodynamic chord, -DeHavilland Mosquito
F-8 airplane,
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Figure 27, - Time history of a stall in the gliding condition,
center of gravity at 36.4 percent mean aerodynamic
chord, DeHavilland Mosquito F-8 alrplane.
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Figure 28, - Time history of a stall in the landing condition,
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chord, DeRavilland Mosquito F-8 airplane.
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Figure 29. - Time history of a stall in the wave-off condition,
center of gravity at 34,4 percent mean aerodynamic
chord, DeBavilland Mosquito F-8 airplane.
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Figure 30. - Time history of a 2 g windup turn from 200 miles
per hour to the stall warning in the rated-power
clean condltion, center of gravity at 33.2 percent
mean aerodynamic chord, DeHavilland Mosquito
F-8 airplane.
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