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HIGH-SPEED AERODYNAMIC CHARACTERISTICS OF A 1/7-SCALE
MODEL. OF THE NORTHROP YB-49 ATRPLANE

By Robert C. Robinson

l SIMMARY

Teats were conducted to find the effects of compressibility on
the longitudinal stability and control of a l/ T-scale semispan
model of the Northrop ¥YB-49 sirplene. Lift, drag, pitching moment,
and slevon hinge moments were measured and are presented in graphi-—
cal form. The results show that, due to a loss of 11ft on the ocut—
board portion of the wing, the longlitudinal static stablility
decreased rapldly as the Mach number increased above 0.725 and
for Mach numbers above 0.735 the model expserienced a climbing
moment at positive 1ift coefficlents. Also, longitudinal-control
effectiveness began to decrease at a Mach number of about 0.T725.

INTRODUCTION

The Northrop YB-U9 sirplens 1s & jJet—propelled modification
of the XB—35 airplane and is powered by eight TG—180 engines.
Extensive low—speed wind-—tumnel tests of models of the XB-35
airplane have been reported in references 1 and 2, but, since
the Jet~powered YB—U49 will attailn appreciably higher spoeds, it
was considered desirable to test a model at high Mach numbers
in order to find the effects of compressibility on its longi-
tudinal stabiliity and control. Accordingly, at the request of ‘the
Ailr Materiel Command, U. S. Army Alr Forces, a 1/ T—acale semispan
model of the YB-49 airplane was tested in the Ames 16~Ffoot high--
speed wird tunnel.

The half-span model was mounted with 1ts plane of symmstry at
the wind—tumnel weall and wilith no supporting members inside the test
section. Lift, drag, pitching-moment, and elevon hinge—moments
were mezsured at several angles of attack and Mach numbers. This
report describes the effects of compresslbility on the above
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characteristics and on the effectiveness of the longltudinal-control
surfeaces. '

MODEL

The model, furnished by Northrop Alrcraft, Inc., was a modifi-
cation of the XB-35 model used for .the teats reported in reference
2, The astructure of the model conslsted of a steel box spar and
plywood ribs covered with a plywood skin. All supporting members
wore outslde the tummel. Two control surfaces were provided, an
elevon which extended from 38.2 to 75.9 percent of the semlspan
from the plane of symmetry, and a longitudinal trim flap which
extended from 75.9 percent of the semlispan to the wing tip. The
elevon, which was equipped with an electrical strain gauge and a
remote~control positicner, had an intermally sealed balsnce,the
chord of which was aprroximately 40 percent of the elevon chord aft
of the hinge 1line. The airplane duct system was represented with
the entrance bullt to acale gnd the total exit area to scale bdut
made up of three jet tubes instead of four tubes as on the alrplane.
During these tests the ratioc of duct entrance velocity to free—
gtream velocliy was approximately 0.21. There were two vertical
fins on the model, one Just outboard of the Jet tubesa and the other
on the inboard side of the Jet tubes. Dorsal fins extended forward
on the upper surface to the i10—percent-chord line. The fins can be
seecn in figure 1, which shows the model mounted in the 16-foot wingd .
tunnel, and in figure 2 which is a drawing of the model. The more
important dimensions of the half-—span model are as followa:

Wing area of model, square f88% « . + « « « ¢« » « « « o » . 40.82
Span of model, feet . . . v « 4 o« & o o ¢ o s o 2 ¢ « » o o 12.30
Wing chord at root, £Eeb « « v v ¢ ¢ ¢ ¢« ¢« ¢ ¢ o o o « « + o« 5.36
Wing chord at tip, feet . . 4+ &« ¢« v +v ¢ ¢ ¢ ¢ a4 ¢ o« ¢ o & 1.33
Moan aeorodynamic chord, feet « . « ¢ ¢ « ¢ o ¢ 4 ¢ ¢« ¢ & & 3.75
Sweepback of 25-porcent—chord line, degreses . . . « « » . » 23.12
Dihedral of 25-percent—chord line, degrees . . « « « ¢« « - » 1,00
Twist about 25-percent—chord line, degrees washout . . . , . 4,00
Alrfoll scction at oot « o o « « o « « » « o » NACA 65(318)—019
Adrfoil sectionat tip « « + » o +» ¢ « « « +» « « . NACA 65,3-018

Elevon chord, percent wing chord (approX.) « « « « « o ¢« » « « 18
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Elovon 8pan, FOEL v v ¢ ¢ v v v o o o o 2 s s o s s o o o o« TS

Elevon balance, percernt of elevon chord aft of hinge
1ine (B.DIrOZ.) = ¢ ¢« & « « o 2 o + o o s o o o ¢ s o s o+ o hO

Mean of squared elevon chords, square feet . . . . . . . . . 0.309

SYMBOLS

The symbols used 1in this report are defined as follows:

freo—stream veloclty, feet per second
indicated sirspeed, knots

mass density of alr sluge per cubic foot
fres—stream dynamic pressure (gp?zj pounds fer squars foot

Mach numbér corrected for blockage due to the model
7 -

1 v
Kspeed of sovcn:ld_/l
uncorrsected Mach number
wing ares, square feet
mean asrodynamic chord, feet
Tiean of the sjuared elevon chords, square fest
apan of elevon, Teet

1ift
1ift fficlent
[+1e15) clren —as—
drag coefficient Q-_I‘q_:é‘&

pitching moment about
the center of gravity \

pliching-moment coefficlent
_Ing : \ gS M.A.C. /

Fd
elevon hinge-moment coefficient ! elevon hinge moment)
\ 4 CgZ bg

angle of atiack of root chord corrected for Jet—boundary
effects, degrecs



P iy

L NACA RM No. ATC13
by uncorrected angle of attack of roet chord, degrees
Ao anle of attac’: increment; degrees

ACp drag coefficlent Ilncrement

Bg elevon deflection, degrees {Positive when trailing edge is
down, )
By longitudinal trim flap deflection, degrees (Poaitive when

trailing edge is down. )

c.8.' longitudinel center-of-gravity location Ffor neutral
stability, stick fixed, percent of M.A.C.

4 gpecific healt of air at constant pressure divided dy
specific heat of air at constant volumse

CALIBRATION AND CORRECTIONS TO DATA

The dypamic pressure callbration used in these tosts was
obtained from & static pressure survey of the test section with
the tunnel empty except for the survey apparatus, and the call-
bration was corrected for the blockags due to the model. As this
correction was applied to the Mach number and to the dynamic
rressure before the model itests, 1t was not neceseary to corrcct
the .coefficients for a change 1n dynamic pressure as was done in
reference 3, vhich dimcusses the method of calibration and the
blockage correctlons. The blockage corroction was

=L
1+ 2 M2

M=M, + Mo K
_Wl-Mf)s

vhere

K = 0.00637 + 0.0545 Cp

Moments were computed ebout a centeor—of-gravity at 25 poercont
of ‘the mean aerodynemic chord and on the root chord line. Correc-—
tiong to the angle of attack and drag coefflclieont duc to the Jet
boundary were calculated from the charts of roferonce 4 and applied
to the data. The corrections weorag:’

Oo = 1.125 Cf,, degroos

ACp = 0.0197 Cr2
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EESULTS AND DISCUSSION
Lift and Longitudinal Stabllity

The effects of compressibllity on the serodynamic character—
istice of tho YB-U9 model, as shown by the tests in the 16~foot
high~spoed wind tunnel, began to appear at a Mach numbor of sbout
Q.70 and were marked at & Mech number of 0.775. Figuro 3 shows
curves of angle of attack, pitching-moment coefflcient, and elovon
hinge-momont cocfficiont against 1ift coefficlent at four elevon
angles for Mach numbers from 0.40 to 0.725. Vibration of the
elevon prevented the measurcment of hinge moments at higher Mach
numbers, but by rigldly restreining the slevon at both ends it was
possible to teke force data up to a Mach number of 0.775. Lift
and pitching-moment data with the elevon restralned ars rresented
in figure 4. The variation of pitching-moment coefficient with
1ift coefficlent in figure L(a) shows longitudinal instability
beginning at a 1ift coefficient of a&bout 0.35 and a Mach numbor
of 0.70. At higher Mach mumboers the instablllty progressos to
lower 1ift coefficients, being sirong at a Mach numbor of 0.775
and zero 1lift. The lift—curve slope was also much reduccd at a
Mach number of 0.775. Tuft studics showed that the instability
resulted from stalling of the outboard portion of the wing, while
1ift was mainteined over & larges area neoar the root. Figurss 5
and 6 prosent tuft pictures for uncorrected angles of attack of
20 and 4°, It is apparent that at 20 the tip stall occurred
between Mach numbers of 0.75 and 0.775, vwhile at kO it occurred
between 0.725 and C.T5.

The variation with Mach number of lift coefficient, pitching--
momont coefficlent, lift—curve slops, end longitudinel staebility
is shown more clearly in figure 7. Curves of 1ift coefficiont
against Mach number are presented for constant angles of attack
from -2° to 6° and pitching-moment coefficiecnt against Mach
number is presented for congstant 1ift coefficients from -0.10 %o
0.40. In the range of model attitudos covered, tho Mach numbers
of 1ift and pitching-moment divorgence varied from about 0.72 to
0.675. The curves of pitching-moment coefficlent agalnst Mach
number in flguro 7 show & climbing moment at all positive 1ift
coofficlents for Mach numbers sbove 0.735 due to tho loss of
11ft on the outboard pert of the wing at the higher Mach numbors.
Lift-curve slope and ceonter—of—gravity position for neutral
stability arc shown for level-Fflight 1ift coefficionts (160,000
1b gross weight) and zero pliching moment at altitudos of seca
level, 25,000 fest, and 35,000 feet. At sea lovel the lift-curve
slope reached a maximum of 0.094 por degree at a Mach numbor of
0.725 and theon decreased rapidly with increasing Mach number as
the outer portion of tho wing stalled, The stick-fixed neutral
point reached its most rearward position (34 porcent of tho
M.4.C.) at a Mach nunber of 0.725 and then moved rapidly forward
with increcasing Mach number. At 25,000 feot altitude the variation
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of lift—curve slope and noutral point with Mach number was little
different from that at sea level, but at 35,000 feet tho breeks in
the curveas occurred at a somevhat lower Mach number.

The variation of olovon anglo and clovon hinge-momont coof—
Ticient for balance with indicatcd airapoed is shown in figuro 8
for threc altitudes and three modol conditions choson to show the
offocts of trim—flap defloction and boundary-layer transition on
tho stability of the modol. The curves show tho prosence of stick—
fixod stability ovor most of the speod range for all tho conditions
shown exceopt at tho highor spoods whore thore ls a small reglon of
instability followed by extremo stability. The extromo stick—fixod
stabllity at the highor Mach numbers is evidently duc to the loss of
elevon effectiveness which isg ghown in a later figure. The effocts
of trim-flap deflectlion on the variation of elecvon sngle for bal—
ance with airspeed varied with altitudo. At soa level the main
effect was a reduction in stick-fixod stability, whilo at tho higher
altitudes tho stability was incroascd at tho lowor spcods, followed
by a region of roduced stability. At tho highost spcods tho offocts
of the trim flap were small. Fixing the boundary-layer transition
on the upper surface at 15 percont of thoe chord had an effoct
similer to that of the small deflection of the trim flap. Tho
variation of elevon hingo-moment with alrspeed Indicated stlick—frco
stabllity over the spood rangc covered in the test, and thoe stability
incroased with incressing altltude. Deflection of the trim flap
affocted the hinge-moment coeffliclent in much the sameo mammor asg it
did tho elevon anglo for balance. Filxing the boundary-layor transi-
tion et 15 porcont of the chord on the wppor surface docroased tho
gtick—Lreo agtability slightly over most of tho spoed range.

Longitudinal Control

Flgure 9 prescnts the variation of pitching-moment coefficient
and elovon hinge-momont coefficleont with elevon anglo at constant
1ift coefficients for Mach numbers from 0.40 to 0.725. Hinge
moments werc not measured at Mach numbors high enough to show any
pronounced effects duc to compressibility, however, for ncgativo
olovon anglss the curves show an increased ncgative valuo of
Xp,/ds &t a Mach mmber of 0.725, indicating tho boglmning of
a decrecase in balance offectivoness. The variation of pitching—
memont coefficient with elevon anglce for Mach numbors of 0,70 to
0.775, with the elovon rigidly restrained, is preoscnted in
figure 10; and in figure 11 the effocts of longltudinal-trim—flap
defloction on pitching-momont coefficicnt arc shown., Flovon and
trim-flap effectivonoss were measurcd from figures 9, 10, and 11
end are plotted agalnost Mach numboer in figure 12. Tho data indl--
cete that at zcro 1ift coefficiont & rather rapld docroasc in
olovon effectivenoss begen at a Mach numbor 0.725, while at a 1ift
coofficient of 0.4 an incresse in effectiveness began betwoon Mach
numbers of 0.65 and 0.70. However, thesc values are for zoro
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elevon deflection, and the curve of piltching-moment coefficient
agalnst elevon angle for s lift coefficient of O.4 at 0.725 Mach
number in figure 10 shows that at small slevon deflections the
effectiveness was reduced and it may be expected that the elevon
effectiveness will decrease rapidly as the Mach number increases
above M = 0.725, The trim flap elso began to lose effectiveness
at a Mach number of 0.725.

Drag Characteristics

The variation of drag cocefficient with 1ift coefficient for
geveral Mach nurbers is presented in figure 13. The drag coeffi~
cient at zero 1ift and 0.40 Mach number (Reynolds number about
8.5 x 10%) was 0.011 compaered with 0.012 reported in reference 2
for a Magh number of sbout 0.12 and a Reynolds number of about
T.5 %X 107,

CONCLUSIONS

The results of tests of a 1/7-scale model of the YB-L9 air—
plene in the Ames 16-foot high~spsed wind tunnel led to tho
following conclusilons:

1. Static longitudinal instabllity began to appear at 0.70
Mach number and = 1ift coefficlient of 0.35. At level-flight lift
coefficients the stabllity decreased rapldly ss the Mach number
increassd above 0.725.

2. The loss of 1ift on the outboard portion of the wing
resulted in a climbing moment for ell .positive 1ift coefficlents at
Mach numbers sbove 0.735.

3. The effectliveness of both the elevon and the longitudinal

trim flap began to decrease with increasing Mach number at Mach
numbers between 0.70 and 0.725.

Ames Aeronautical Leboratory,
National Advisory Committee for Aeronsutics,

Moffett Field, Calif.,
Kok I C fobinern

n . Robert C. Robinson,
d % Aeronaunticel Engineer.
. YARY m’f?<‘

Aeronautical Engineer,



NACA RM No. ATC13

REFERENCES

Sivells, James C., and Burgess, Jack: Tests in the NACA
19-Foot Pressuro Tunnel of a 1/10.75-Scale Model of the
Northrop XB-35 Tallless Airplane. KNACA CMR, Feb. 1943,

Tepllitz, Jerome, Kayten, Gerald G., and Cancro, Patrick A.:
Tests of a l/ T-Scale Semispan Model of the XB—35 Airplanc
in the Laengley 19-Foot Pressurs Tumnel. NACA CMR No.,
LoL27, 1946. -

Nissen, James M., Gadeberg, Burnett L., and Hamilton,
Willism T.: Correlation of the Drag Characteristics of
a P-51B Airplane Obtained from High-Speed Wind-Tunnel
end Flight Tests. NACA ACR No. 4K02, 1945.

Silvorstein, Abe, and White, James A.: Wind-Tunnel Inter—
forence with Particular Reference to Off-Center Positions
of the Wing and to the Downwash at the Tall. NACA Rep.

No. 547, 1935.



NACA BM No. ATC13
FIGURE LEGENDS
Figure l.,— The 1/7—scale semispan model of the YB-i9 airplane
mounted in the Ames 16-foot high~speed wind tunnel. ({a) Rear
view. (b) Front view.
Figure 2.— The 1/7-scale semispan model of the Northrop YB-49 airplane,
Flgure 3.— The effects of elevon deflection on 1lift coefflcient,

pltching-moment coefficient, and elevon hinge-moment coefficient.
1/7~scale ¥YB-49 model. (a) M = 0.k40.

Figure 3.— Continued. (b)Y M = 0.55.
Figure 3.— Continued. (c} M = 0.65.
Figure 3.— Continued. (d) M = 0.70.
Figure 3.— Concluded. (e} M = 0.725.

Figure b.—~ The effects of elevon deflection on 1ift coefficient and
pitching-moment coefficient with the elevon rigiély restrained.
1/7-scele YB-49 model, (a) M = 0.70.

Figure 4.— Continued. (b) M = 0.725.

Figure L4.— Continued. (c) M

c.75.
0.775.
Figure S5.— Tufts on the YB-19 semispan modsl. o = 20,

Figure 4.~ Concluded. (d) M

Figure 6,— Tufts on the YB-4Q semispan model. o = 4°,

Figure T.— The effects of compressibility on 1ift coefficlent,
pitching-moment coefficient, l1ift—curve slope, and longltudinal
stability. 1/7-scale YB-L49 model.

Pigure 8.— The variastion of elevon deflection and elevon hinge—
moment coefficient with indicated airspeed for balance.
1/7-scale YB-49 model.

Figure 9.— The variation of pltching-moment coefficient and elevon
hinge~moment coefficlent with elevon dsflection. l/"{—scale
YR-49 model. f(a) M = 0.k,

Figure 9.— Continued. (b) M = 0.55. ;
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Pigure 9.— Continued. (c) M = 0.65.

Figure 9.~ Continued. (d) M = 0.70.

Figure 9.~ Concluded. (o) M

C.725.

Flgure 10.— The variation of pliching-moment coofficient with
clevon deflection wlth the elevon rigldly reetraincd.
1/7-scale YB—49 model.

Figure 1ll.— The veriation of pltching-mement coefficlient with
trim—flap defloction. 1/7-scale ¥YB-49 model. (a) M = 0.kO.

Figure 1l.— Continued. (b) M = 0.65.

Figure 11.~ Continued. (c) M

0.725.

Figure 1l.-— Concluded. {d) M = 0.75,

Figure 12.— The effects of compressiblility on the effectiveness
of the slevon and the longltudinal trim flap. 1/7-scale
YB-49 model. &g = 09, By = 0°.

Figure 13.— The variation of drag coefficlent with 11ft coefficient
at several Mech numbers. 1/7-scele YB-49 model.
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{(a) Rear view.
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(b) Front view.

Figure 1.— The l/ T-scale semlspen model of the YB-49 airplans mounted
in the Ames 16—Foot high-—speed wind tunnel.

NATIONAL ADVISOR FO! NAUTT
AMES AFRONALTICAL LABORATORY — MOFFETT FIELD,
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(a) .M = 0.725.
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5.~ Tufts on the YB-49 semispan model.
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M = 0.70.
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Figure 6.— Tufts con the YB-49 semispan model.
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