NACA RM No. L&El4a

UNCLASSIHIED - -

GONFIDENTIAL T o emi4a

RESEARCH MEMORANDUM

FLIGHT MEASUREMENT OF THE STARBILITY CHARACTERISTICS
OF THE DOUGLAS D-558-1 AIRPLANE
(BUAERO NO. 37971) IN SIDESIIPS
By
Walter C, Willlams
3

Langley Aeronautical Laboratory
Langley Air Force Base, Va,

CLASSIFICATY. S CANCELLE

CLARSIFIED DOCUMENT

THik doqurent eontaing ¢ uummﬂ;&m m L C 1 )ZJQ‘ 2—3 Z:»..Datcg/lf/L.}‘:-

aftscting the Matfinal Defenze
auu-n vll.hl.n =3 u-.unl.ncatuu I’.rl:uu A=l

rewl.nl.n L Lte OHHJI in rmy ITIWP ll --------------------- .
ur.:r-lh.. rized parson I8 nr;d hlblLd oy od i

Infirmatizn 0 atull may 1= -
wnly b pearasas nli. ard _-zlsl- m ------- see """ -
sarvicas of the UJlad !‘llln Y
I lilan Hiders and @ n'p Zyme funl?-ada al Lad

S MeRmart who bAue @ hgtnmlu Lmarut . -

o,
. yalty and discretl o who of mequasity must bc
irf.rmed theraut,

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
April 18, 1949

e

=

b o e s

CONFIDENTIAL UNCLASSIFIED



NHIMHHHJM"TIHHMMHMHMH UNCLASSIFIED

NACA RM No. L8Elka 1176 01436 6588

NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

FLIGHT MEASUREMENT OF THE STABILITY CHARACTERISTICS
OF THE DOUGLAS D-558-1 ATRPILANE
(BUAERO NO. 37971) IN SIDESLIPS

By Walter C. Williems
SUMMARY

Measurements have been made of the stability characteristics of the
D-558—-1 airplane in steadily increasing sideslips at various Mach numbers
from 0.50 to 0.80 at an sltitude of 10,000 feet and at Mach numbers
" from 0.50 to 0.84 &t an altltude of 30,000 feet. The results of these
tests show that the apparent directional stabllity of the alrplens is
high and increases with increasing Mach number and dynamic pressure. The
dihedral effect 1s posltive at all speeds, there is 1little or no change
in pitching moment with sideslip, and the cross—wind force is positive.

INTRODUCTION

The NACA 1s engaged 1n a flight—research program in the transonic
speed range utilizing two Douglas D-558-1 ailrplanes which were procured
for use by the NACA In high-speed flight research. One of these airplanes
(Budero No. 3797L) is being used for the investigation of stabllity and
control characteristics and over—ell serodynamic loads. The other ailr—
Plane (Bulero No. 37972) is being used for detalled measurements of the
pressure distribution over the wing end horizontel tail. The present
report covers results of measurements of the static directional and
lateral stebility in sideslips made with the D-558-1 airplane
(Bulero No. 37971) as part of the stability and control program.

SYMBOLS
de Impact pressure, pounds per square foot
M Mach number
Vs indicated alrspeed, miles per hour
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S) rudder position, degrees

B sldeslip angle, degrees
ATRPLANE

The Douglas D-558-1 airplanse is a single—place low—wing monoplans
powered by a single General Electric TG—-180 turbojet englne. General
views of the ailrplene are given In Figures 1(a), (b), and (c). A three—siew
layout of the alrplane 1s given in figure 2. Detailed speclfications of
the alrplans are given in reference 1.

TNSTRUMENTATTON

Standard NACA recording Instruments were used to msasure the varlous
quentlities necessary to determine the stabllity and conbtrol character-
1stics of the subjJect alrplane. In addltlion, a Consollidated oscilillograph
was 1nstalled to record the loads as meagsured by the straln geges installed
in the wing and horizontal tail. All records were synchronized by means
of a common timing circult. The Instruments used and the quantities
measured follow:

Recording Instrument Quantity Measured
Alrspeed—eltitude recorder Indicated airspeed, pressure altltude
Three—component accelerometer Normal, longlitudinsl, and transverse

acceleration
Angular velocity recorder Rolling wveloclty-
Yaw—engle recorder Sideslip angle
Wheel-force recorder Alleron and elevator force
Pedal~force recorder . Rudder—pedal force
Control-pogition recorder Alleron, elevator, rudder, and

stabllizer position

Congolldated osclllogreph Wing bending moment and shear load,
horlzontal—tall shear load

Timer Tlme

)
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The yaw vans used with the yaw-angle recorder was mounted a distance
of 1 chord ahead of the left wing tip. The alrspeed head was mounted on
a boom on the right wing tip of such length that the static orifices were
at a distance of 1 chord sheasd of the wing leadlng edgse.

TESTS, RESULTS, AND DISCUSSION

The results of the alrspeed calibration flights made on the
D-558-1 airplane have not been completely evalusted as yet. The results
of a calibration of the error in static pressure by flying past a refer—
ence landmark indicate, however, that the error in measured static pres—
sure 1s of the order of 0. Olq_c up to a Mach number of approximately 0.78.

Results of the airspeed calibration of the XS—1 which has a similer Installa—
tion indicate that the error in Mach number up to M = 0.8%, the limit
of the present tests, 1s of the order of 1 percent or less (reference 2).

The static directionsl stabllity of the D-558-1 alrplane was measured
in graduslly lincreasing sildeslips which were made by slowly deflecting
the allerons and using sufficlient rudder and elevator:to maintain
straight flight. Tests wore made at pressure altitudes of approxi—
mately 10,000 and 30,000 feet and covered a Mach mumber range from 0,50
to 0.80 at 10,000 feet and from 0.50 to 0.84 at 30,000 feet.

The results of the tests made at 10,000 feet are glven in
figures.ﬁé g to 3(f) whereas results obtained at 30,000 feet are in
Pigures to 4(g). In these figures, rudder, alleron, and elevator
posltion and force and angle of. bank are plotted as functions of side—
8lip angle, The values of bank angle were obtalned from measurements of
the transverse acceleration. No measurements of rudder Fforce were
obtalned, however, at 10,000 feet altitude. The variastion of rudder
position and force with sidesllip angle gives a measure of the gtatic
directional stabllity, comntrol fixed and free. A measure of the dihe—
dral effect, control fixed and control frese, 1s afforded by the varia-—
tion of ailleron position and force with sldesllp angle. The pitching
moment due to sideslip is 1llustrated by the varliation of elevator posi-
tion and force with sideslip angle and the varlation of angle of bank
wlith sideslip angle glves a measurs of the cross—wlnd—force characteristics.

The data glven in figures 3 and 4 show that the directional stability
of the D-558-L is high throughout the speed renge tested. The dihedral
effect of the alrplane 1s positive, although low, throughout the speed
range. There are some dlscontinultles in the variation of aileron force
and position with sildeslip angle nsar zero sgideslip. It is believed that
these discontinuitles are caused by the frictlon in the control system
in the case of the force measurements and ceused by some play in the
aileron linkage betwesen the ailleron and the polnt of measurement in the
cage of poslitlion measurements. The slopes of these curves, however,
should afford a good measure of the dlhedral effect. There appears to
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be little or no change 1n pitching moment with sldesllip angle for all
sldeslips presented. The cross-wind force was positive; that is, right
bank accompanied right sideslip.

A comparison of the dirsectional stabllity deta presented in figures 3
and ), shows that there 1s a variatlon In the directlonal stability
varameter d%,/df with Mach number and indicated airspeed. To 1llus—

trate this fact, figure 5 was prepared to show the variation of @8, /dp

wlth Mach number and indicated airspeed for the two test altitudes
(10,000 and 30,000 £t). In this figure, 1t can be seen that the increasge
in the apparent directlonal stabillity with Ilncreasing speed 1s a functlon
of Mach number. The Ilncrease in apparent dlrectional stabllity et any
given Mach number as the altlitude 1s decreased is probably caused by a
decrease in rudder effectlvensss.’ This decrease in rudder effectivensss
1s probably caused by dlstortion of the verticel tall and fuselage at

the higher velues of dynamic pressure encountered at the lower altitude,

CONCLUSIONS

The results of measuremente of the gtabllity characteristics of the
D-558-1 airplane in steadily increasing sideslips at verious Mach numbers
from 0.5 to 0.80 at 10,000 feet altitude and from 0,5 to 0.84 at
30,000 feet altitude show the followlng:

1. The .apparent dlrectional stabliity of the D-558-1 airplane is
high throughout the speed range tested, but lg greater at low altitude
than at high altituds at any glven Mach number. There is also an increase
in directional stebility wlth Increesing Mach number.

2. The dihedral effect was posiltive but low throughout the speed
range teasted.

3. There was little or no change 1n pitching moment with sideslip
and the cross—wind force was positive.

Langley Memorial Aeronautical Laborsastory
National Advisory Committee for Aeronautics
Langliey Air Force Base, Va.
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(c) Front view.

Figure 1.~ Photographs of D-558-1 airplane.
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Figure 2.- Three-view drawing of D-558~-1 airplane.
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Figure 3.- Steady sideslip characteristics at 10,000 feet altitude.
D-558-1 airplane.
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Figure 3.- Continued,
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Figure 4.~ Steady sideslip characteristics at 30,000 feet altitude.
D-558~-1 airplane.
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(b) M = 0.58.

Figure 4.~ Continued.
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Figure. 4.; Continued.
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Figure 4.- Continued.
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Figure 5.- Variation of dbr /dp with Mach number and indicated airspeed.

D-558-1 airplane.
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