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A ,V7- scale s,emisoar, model of the V-B-35 airplane
was tested in the Langley 1-foot pressure tunnel,
nri?nar°ily for. "the purcose of inve:sti:gating the effec-
tiveness of. a, 

'
-leading-edge slot for alleviation of sti-ck-

fixe.d _l:6n' gitu;dinal instability at high angles of attack
caused by early tip sta-.ling, and a device" for relief of
stick-free instability caus:e.d b.1 elevon 14-1p-floating
tendencies.at high angles of attack. The device consisted
of an elevon tab linked to a..fr-e-e-.floating. "flipper" located
at the out?aoar-d end cf t-_e elevon. so tha the up-floating
tendency would be transriitted.to;the elevon tab by means
of the fli--^ 1Der, thus introducin g- an • elevon down-Floating,
tendency."-

mho results i_idica.ted that the slot was not .dequate
to -.rovide the desired im?rovement in stick-fixed stabilit7.
The tab — flin g er device -p rovided a:"?'_'lreci a ;Ile im-orovement
in stick-free. stability and two of the linkage combina-
tions tested (wi- th full-span .elevon tab) gave satisfactory
varlat ons of control force with airs peed for all condi-
tions exce-Dt that in 4,rhi ch the wi ng-tip "-)itch-control"
flag was fully deflected_. The improvement in control-
fcrce characteristics., hewever, was accom p anied by a
detrimental effect on stick-fixed stability because of
the pitching moments nrocuced by the elevon tab deflection.
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At a constant angle of attack, moveover, the flipper-
linked tab acted in the.manner of a balancing tab,
causing a reduction in elevon rolling effectiveness and
indicating possible overbalance of lateral control forces
in certain conditions.

INTRODUCTION

The Northrop XB -37 airplane is. : a proposed bomber of
the flying ey ing type powered by four submerged engines
driving pusher propellers. The trailing edge consists
almost entirely of control surfaces and flaps. Both
longitudinal and .lateral control are provided by a pair

of trailing-edge' control surfaces ("elevons") linked for
simultaneous deflection as elevators as well as differ-
ential deflection as ailerons.

The investigation of reference 1 and data obtained
by Northrop Aircraft, Inc. in flight tests of a flying
model of. the . XB-3 5 have indicated poor stick-fixed and
stick-free static longitudinal stability at love speeds,
attributed' largely to early stalling at the tips and along
the trailing edge of the Highly svyept-p ack and tapered
wing. The , primary purpose of the present i nvestiga-
ti on was to determine the effects of a leading-edge
tip slot installed .for improvement of the stick-fixed
longitudinal stability and to determine in three-
dimensional ,fl ow the feasibility of an arrangement
designed to eliminate the severe elevon up-floating
tendencies (and the . resulting stick-free instability)
at high angles: of. attack. This arrangement consisted
of a free-floating "flipper" linked to an elevon tab.
The flipper, detached from t^e outboard end of the
elevon, was . intended to respond readily to the forces
causing .the elevon up-floating tendency. U_r_ward de flec-
tion of tha ilipper'would cause upward deflection -of the
elevon tab ., thus reducing the up-floating tendency of
the , elevon itself.,The arrangement was investigated to
some' extent in tuuo-dimensional flow in the Langley
atay ility tunnel, and the results were presented in
reference 2... Can the basis of these results:, an elevon
incorporating the fli^.:per device was installed on a
^7 -s1 cale semispan .model to be tested with a reflection

plane in ,the 19 -foot pressure tungel. . The semispan model
was selected in order to obtain the information at a
relatively high Reynolds number and a low Mach number.

UNCLASS1FrED
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SYN3C.LS ' .STD C.4.L?FICIZ TS

10 The symibols and coefficients used here.ir_ are defined
as follows;

CL lift coefficient	 ( L/qoS)

CD drag coefficient	 (D/qoS)

Cm pitchingmoment coefficient (i+/g0SG)

C Z rolling--moment coefficient (L I /^g o Sb )

Cn yawing-moment coefficient (N/4g 0 Sb )

Ch  elevon hinge -moment coefficient (- /q,b o c v G )

Ah loss i.n total pressure	 ron, frae stream

q o	 free-stream dynamic pressure i 2poV-oG

R	 Reynolds r_-i?ber (p o Vo c j rlo )

M	 Mach number (Vo/ao)

P	 mass density of air
µ.	 coefficient of viscosity of air

a	 velocity of sound in air

b	 control deflection, poai Live when trailing edge
is down

a	 angle of attack, measured with respect uo root
chord line

Vi	 indicated airspeed, miles ner hour

where

L	 lift

D	 drag

M	 pitching moment about center of gravity, positive
when tendinn, to depress tail

f F1
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rolling moment about center of ,gravity, positive
when tending to depress right wing

yawing moment _about center of gravity, positive
when tending to retard right wing

elevon hinge moment, positive when tending to
deflect elevon down

total pressure	
r

semispan vy ing area (40.32 sq ft on model)
semispan of wing (12.29 ft on podel) 9 in pb/2V,

b refers to complete span

mean aerodynamic chord of wing 13.75 f t on model)

airspeed

elevon spar_ (4.53 ft on model')

elevon root-mean-square chord (0.572 ft on model)

rolling velocity

Subscripts;

o	 free stream

1	 duct entrance

i	 slot inboard station

h	 slot outboard station

e	 elevon

t	 tab

F	 flipper

p	 pitch control

f	 flap

L	 landing

0
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MODEL AND TESTS

Tunnel Installation

The 1/7-scale semi_span model of the nB-35 airplane
was mounted in the Langley 19-foot pressuoe tunnel in
conjunction with a true reflection plane. A gap of
approximately 3/32 inch between the root section of the
model-and the reflection plane was maintained for the
tests by means of an automatic telescoping mechanism
within the model. The :Model was mounted on a two-support
system with one strut exposed to the air stream and the

_other strut within the structure com prising' the reflec-
tion. plane. The general arrangement' of the -model instal-
lation is shown in figures 1 and 2.

Model

The subject model incorporated some of the latest
design features of the XB-35 airplane.; The aspect ratio
was 7.36 and , the taper ratio 401. NACA gymmetrical sec-
tions were used: 65 (318) -019 section at the root, and
65 ,7-013 at the construction tip. The wing was twisted
about the 25-percent-chord line to-give i10 geometric. ,
washout. The dihedral and sweepback of the 25-percent-
chord lire were 1 0 and 23 0 7 1 , respectively, instead
of 2 0 and 21 056' as in reference 1. Flan and elevation
views of the model are given in _fi gure 3.

The entire trailing edge of Ae wing was made up .of
control surfaces: a life flap at the root, an elevon
intermediate, a small flipper immediately outboard of the
elevon, and a pitch-control flan at the tip.

The lift, or landing, flap (fig. 4) was of the spli t
type modified to-carry a portion of ^ the trailing edge of
the wing with it when deflected. It was approximately
22 percent of the chord and extended from 3.60 to
38.59 percent of the semispan. For the present tests,
the flap was either deflected 43,30 or retracted.

The pitch-control fla p , located at the wing tip in
order to realize the maximum moment arm due to sweepback,
extended inboard to 78.64 percent of the semispan. It
was of the ?Main, sealed type, with approximately constant

n IIaTT`ZIZ-;iT -
•
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chord. Designed for upward deflection to 35 0 to provide
trim in pitch, the pitch-control flap was deflected
during the tests only when the landing flap was deflected.
The settings were 00 , -14.10 , and -34- 10. Details are
given in figure 5-

The elevon installation consisted of an 18-percent
( ap proximate) Qhord sealed internally balanced elevon
with an overhang 40.6 percent of the elevon chord. The
elevon extended from 38.23 percent to 75.89 percent along
the semispan. It was equipped with a 25-percent-elevon-
chord full-span tab divided equally in two spanwise
sections.

Just outboard of the elevon and having a span approxi-
mately 1/16 of that, of the elevon was the so-called '
flipper. It consisted of a straight-sided unbalanced and
unsealed surface with a 25-per3ent-chord fU!1-3pan tab.
The fli pper was connected to the elevon tab through a
linkage extending along the elevon hinge line so that the
flipper and elevon tab deflected as a unit independent
of elevon_ deflection. The unit was statically balanced
and arranged so that the flipper could be connected to'
either half-span or full-span elevon tab or disconnected
to float by itself. The linkage was such that the elevon
tab deflected upward as the flipper floated up. It was
possible to obtain only two-linkage ratios of flipper
to elevon tab, namely 2:1 and 1:1. The flipper tab was
linked so as to deflect oppositely to the flipper with
a linkage ratio of either 1:1 or 1:2. The flipper tab
could also be locked at a liven setting. Flevon and
fli7per details are given in figures 6 and 7. For these
tests, the elevon had a deflection range of ±20 0 and the
flipper had a deflection range of 118'.

The seal across the balance was koroseal-impregnated
voile of sufficient length to avoid tautness at tine
extreme elevon deflections. The elevon balance chamber
was divided into four ppanwise units by three elevon
support brackets containing bearings, to help reduce
friction caused by lack of rigidity,. : Qopner..tubes were
located within the balance chambers to record the pres-
sures across the seal of the balance.

E_levon hinge moments were measured
-
by a resistance-

type. wire strain gage located approximately midway along

uVICIIANY ED
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the elevon span. Hinge-moment rneasurerients are believed
accurate to within approximately ACh = ±0.004. The
elevon deflection was adjusted by remote control. The
positions ,,f the elevon and of the inboard half-span
elevon tab were indicated by NACx control-oosition indi-
cators. It was possible to determine the position of
the outboard semspan elevon tab only when the inboard
and outboard tab sections were ooerated_ as a unit.

The leading-edge slot exte_,.deo_ from 74 to 94 percent
of the semis-can. For most of the tests the slot was
o pened only when the landing flap was deflected. Slat
details are riven in figure 8 and the installation is
shown i'n figu re 3.

For some of the tests a split rudder was installed
on the model. The rudder was composed of metal elates
ext-ending practically the full length of the pitch-control
flap on both the upper and lower surfaces and held in
P ! ace by wedge blocks to a total included angle of 1200.
Split rudder details are shown in figure 5.

The .duct entrance at the leading edge of the wing
and -the duct exits immediately forward of the landing
flap were simulated on the model. Provision was made
for measuring. the quanti ty of air through the duct by the
use of static and shielded total-head tubes at a station
in the-duct ` en trance .

Tests

'ihe subject tests of the 1/7 -scale semi span model
of the XB-35 air p lane were made in the Langley 19-foot
pressure tunnel with the ai.r in the - tunnel com-pressed to
a density of approximately 0.0057 sug per cubic foot.'
The Reynolds and TMach numbers at which the tests were
made were approximately 7,500,000 and 0.12, respectively.

Preliminary tests.- Because of the possible : effect
of air flow through tri g induction system on elevon  hinge
moments, p reliminary tests were made with the duct exit
doors both deflected and neutral. Through the limited
range available for control of internal air flow, the
effects o.f the difference were negligible, and the actual
tests were :r,:dde with th.e duct exit doors set at neutral.

v	 _^•i. 1 _riL

..o 9	 •j-9'L .^
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Figure 9 cresents the resulting variation with angle of
attack of the ratio of duct entrance velocity to free-
stre am  ve1ocity, V1 /Vo .

In order to determine the effects of leakage between
the wing-root section and the reflection plane, several
tests were made with the end gap sealed by flexible sheet
material. On the basis of these check tests, it was
determined that end leakage had negligible effect on the
lift and stalling characteristics of the model. The
tests discussed in the remainder of the re port are those
made with the bap unsealed.

To determine the effectiveness of the elevon balance
seal, the region immediately above the upper-surface
vent was subjected to a pressure greater than atmospheric.
The effectiveness of the seal is ex pressed in terms of
the "leakage factor,' which may be defined as the ratio
pl	

P2, where pl is the pressure in the balance chamber
P3 P4
above the seal, P2 is the pressure in the chamber below
the seal, p3 is the pressure ,above the upper-surface
vent, and p4 is the (atmospheric) pressure below the
lower-surface vent. For the model seal arrangement used
in the tests, the leakage factor was a pproximately 0.96.

-Lift and stalling characteristics.- Model stalling
characteristics were determined from observations of
tufts of wool yarn attached to the upper surface of the
wing at 20, 30, 40, 50, 60, 70, 80, 90, and 95 percent
of the wing chord and spaced approximately 7 inches
spanwise. Tuft surveys were made with the landing flap
and pitch-control flap neutral, leading-edge slot open
and closed, and with the landing flap deflected 43-30
for several pitch-control flap deflections, slot open
and closed.

The effects of the leading-edge slot on the aero-
dynamic characteristics were investigated. Except for
these tests made specifically to determine the effects
of the slot, the slot was generally closed throughovt
the tests with landing flap retracted, and open during
the tests with landing flap deflected. Some tests were
made to determine the effect of pitch-control flap
deflection on the air flow through the slot. Racks of
one static-and three total-head tubes were placed in each

^n;^ Ty'Tf^H^^T'rTAL
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of two sections in the slot exi t to measure the air-flow
velocity and rressure recovery at the exit of the slot.

The effects of fixed transition were noted for a
few tests by affixing a 0.032-inch diameter wire on the
u-,7, -, er surface of the wing at each of two positions,
15 and 3 percent of the chord along the complete semispan.

Longitudinal stabili v and control.- In order to
obta_n general elevon- and tab-effectiveness data, a
series of tests was made in whi ch the half-s pan and the
fall-span elevon tabs were set at different anJles for
various elevon deflections through the angle-of-attack
range . During these tests the elevon tab and the flipper
were not linked together.

With the elevon tab linked to the flipper and the
combination allowed to float freely, tests were made
at various elevon deflections through the speed range,
usin-, different linkage ratios between the flipper and
the elevon tab and be tween the flipper and the flipper
tab. Both the half -s?Dan and the fill-span elevon tabs
were used in these tests. The tests were planned to
determine a combination of' variables that would give the
best improver.r^ent in control-force characteristics. The
comb i nations tested are listed in the following table:

^ n r; w_ Ti'	 _ _ ^ 1. L

4
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Limit to I

6r I	 I Flevon tab ^, ipper I fli pper' Filau el
,1l ^Llevon tab span) linkage Linkage `p up de- 	 no. j

( 

a^)I	 !	 r	 election	 I

4

0 ;-Half	 ( outboard) i bte ='6 F 

43 .3
O

-------do------ i 6.t = 6F

i	 eo
0 Half 	 ( ,inboard)	 i 6te = bF

143 6 ") ------- do ------ 1 6 to = 671

0 Full	 !bte = '5

 ------ -do ------ ^ 6 te = 6F

0	 i
I

-------do----=-lot	 _ F

X --	 6_^	 =----do---- -6F

0 ------- do ------ ! 6 te = 6:{,

45- 3
;	 =.6do ------ fib t F 

0

e

------- do ------ 1 bt	 =
v

6F

43.3
I
I -------do------ 6 t _	 = bF
i

0 ------- do------idt 	 =.6F

43.3

e
I -------do------ j 6tp-	 = 6F

btF = -6F!-- ------ 31

6 t7 = -6F;-- ------ 32

b ty = - 6FI ---- =--- 33

bt u, =
L

-bF^-- -=---- 34

b tu, = 0 -------- 35

6-	 =
1

0 -------- 36

bt 7 = o !-------- 37

6-, = o -------- 38 

6 ty =- 26F` ----- -- 39

6 7=t - 26 F I -------- 40

G tr = -b 7 ; 0-7.5 41

6 tw = -6 F 1 -7.5°	 I 1}.2

-
6 tr - - 6 FI -------- !^3= I

b F -t
1

-6F --------! 4

For some of the tests the elevon tab was discon-
nected from the flip per and allowed to float freely with
and without "cords" at its trailing edge. The cords were
actually splines consisting of. balsa strip's 1/16 inch
high and 1/8 inch wide extending along the complete
s pan of the elevon tab.

_rnT^T ^ TT^^; TT ^ AL F
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ESULTS AND DISCUS^IOa

Data and Corrections

All results were reduced to standard nondimensional
coeffici ents so that the results apply to a complete-
s pan wing. Moments were computed about a center-of-
grav = cry location at 21 .7! percent of the mean aerodynamic
chord and 4.53 perc:^nt mean aerodynamic chord above the
root chord line on she basis of L',he latest design informa-
tion received from the contractor. (The horizontal loca-
tion corresponds to 25 percent mean aerodynamic chord
based on the specifications of reference 1.) The cor-
rected results are presented ingraphical form. The
corrections applied to the data are described as follows:

A stream angle correction deter,; fined from surveys
made with the reflection plane and strut fairing in
place was app lied to the angle of attack and the drag
coefficient. In addition, an em pirical blocking correc-
tion ( reference 5) was a-) p lied to the dynamic -ores sure.
lio tare corrections were applied to the 'lift, drag,
or poi tching moments for LIhe effects of the drag and
interferenc e, of the model support system. Increments
in coefficients due to control deflections may be con-
sidered. correct, neglecting small changes in tare values
due to their deflection.

Je t-b,ounda	 Jtn.terf erer_ce corr ections were a-orli ed
to the -angle of attack, drag coefficient, and rclling-
and.yawing-moment coe-f-ficients. These corrections were
calculated by methods -s-inilar to those outlined in
reference 4, itiTo jet-boundary corrections xere applied
to the 11 ft,- , xoitching-moment, and elevon-hinge-moment
coe fficients=. 'Rolling- and yaw ing-morlent coefficients

-!,measured with the elevon neutral were used as tares in
order to make the net rolling- m=d yawing-moment coef-
:ficients equal to zero when the elevon deflection was
.zero'. The com plete corrections to the gross data are
as follows;

+ 0.0188 o 2CD = CDgross
a = a1tunnel + 1.27CTJ

,^-r,-,Tnr»TmT n r
V V 1V 1' 1^^1-1Tra
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C Z = 0.ou8l(CZgross 	 CL tare)

Cn - Cngross - Cn tare + (-0-C-;-531CLv7

Effects of Fixed Transition

The results of tests made with transition fixed on
the upper surface of the wing are presented in figures 10
through 14. ' Although the characte.ri stics of the vain.-
with transition fixed at 15 percent of the .chord differed
only slightly- from. those of the wing with natural transi-
tion, the differences in tree case of the :ring with transi-
tion fixed at 3 percent of the chord were appreciable.
The differences included increased. drag coefficients,
decreased maximum lift coefficients and lift-curve slopes,
reduced bitching-moment-curve slopes, and increased
elevon t_p-floating; tendencies. although the 3- percent
transition re presented an extreme r-ougluiess condition,
it appears that 2esults of the -present' tests, the
majority of which were made with natural transition,
may be scmewhat optimistic.

Effects of Leading-Edge Slot

The results of force tests with the slot open and
closed arepresented in figures 15, 16, 17, and 13.
In general, 'the effects of the . slot on the aerodynamic
characteristics were very, small. 'illi t  landing and
hitch flaps'ret'racted, an increase of only 0.02 in.-'-'the
maximum 'lift 'coefficient was obtained by opening the
slot, and' i`ongiaudinal stability near maximum lift was
increased. slightly. The small =ncrease in drag coeffi
cient at low values of lift coefficient is a -minor con-
sideration ina:snuch as	 the" slot or_ the airplane will
probably reriain cl osed at high speeds. For the landing-
flap deflected conditions, similarly slight beneficial
effects ' of the slot were . shown with the pitch` flap
neutral but were not ap arent, with the pi tch flap
deflected -14.1 0 and -3.10

The results of the s tal•1 s'tud-Le s are presented in
figures 19, 20, and 21. With the landing and pitch flaps
retracted, the stall with slot closed began at the outboard

Lam. TA!.
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end of the elevon and progressed inboard and outboard
.^nt l :at ?-,iaximum lift the outer 75 perc°^lt of the .ring
was stalled. The stall pattern Faith slot open_ was
practically no different, except that a small stalked
re gion was noted behind the outboard end of the slot at
lorr lift coefficients. Except for stalling on the
defl ected flap itself, the stall pattern kvith flaps
deflected was quite similar to that with flaps retracted
and slid not vary appreciably with pitch-flap deflection.
As gin' the case of the retracted flaps, the stalling
characteristics with landing flab deflected 43.3° and
pitch flap deflected -54.10 were e.ssen.tially unchanged
by the leading-edge slot.

it has been shown in reference 5 that a slot span
of app roximately 30 to 50 ;percent of the wing span is
needed in order to afford arpre ci able relief from ti p-
stallfno di-fficulties . - on._ tlh.is. -ype of s livept-bacic tail-
less airplane. The p resent slot is considerably smaller
(about 20 percent) and would therefore not be' expected
tc vield ::much improvement, although its effectiveness
mi ght p ossibly be increased somewhat by a cr_ange in
"spanwise location. Moreover, the absence of any notice-
able flog: improvement over the region behind the slot
as-' indicated by the tuft studies suggests the possibility
of imperfect aerodynamic design of the slot entry. As
shown in reference 6, difficulties of this nature
obtained with similar installations have been relieved

`. by modification of tree slot entr7r. In its present con-
figuration, the slot has little effect on elevon hinge
moments (figs- 17 . and 18).

The effect of pitch-flap deflection on air flow
through the leading-edge slot i s shown in figures c2
and 23. The air-flour velocity at both the inboard and
outboard survey stations decreased with u pward pitch-
flap deflection, although the variation eras greater at
the outboard station. The variation in slot exit
pressure-recovery coefficient w i th pitch-flap deflection
was Small and did not indicate any distinct trend.

Longitudinal Stability and Control

Elevon tab characteristics.- Basic characteristics
of the outboard half-s pan and tree full-span elevon tab
are Presented in f igure.s 24, 25,	 2b, and 27. As shown
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by the fi^u.res, tab*-e :ffec-tiveness is markedly. decreased
at the hiiier lift coefficients,. particularly ^n the case
of t_^e half-span tab,which is on the outboard portion
of the elevon. This would indicate that if a half-span
tab were to be used. the i nb.oar d tab . , ould be .Wore
desirable. It is seen also that tab deflection causes
considera7ble change.' 'in pitching roment, especially at
high ormoderate negative elevon deflections-. At
be = -100 jith landing and ni-tch flaps fully deflected,
-.cr exa -ole, a.change of fall -span tab setting from 00
to -10 0 at CL _.G.^ causes as much change in pitching—
moment coefficient- as auproxi aatel^T -60 or -70 of elevon
de fle c ti on. The effect of tab deflection on pitching
moment is less pronounced, but still a ppreciable, at
nigher lift coefficients.

Lon;itudinal characteristics with elevon tab
G ^.i tr a,	 r	 '^	 n	 1	

{.

n	 G_ •- Cul ves o^ a, V;, 1 , and C	 aga.lnst ...C L are
e

shown- in figure's 28 and 29 for the model with elevon tabs
neutral : The pi tching-moment curves, -lo tted for a
ra tiler extrem'p—" for ,Nard - center-of- ravity position, do
not exhibit the ' pronounced unstable slopes ' at .high lift
Coef_icients .,shown in most of the previous .test results
for this de s i. g . com,u ted m or .,more re arw'ard . cer^te r-cf -
gravity posit ohs

The re sul tO .. sh•ow,. th'at with landing f la'p: -b' o th
retracted and defle.c:ted, . the hinge moment. coefficients
at constant 6. increase rapidly in a- .. negatiue - di:r.ection
at angle s of `atack approaching maximuit lif t,  dbMons trading
in effect pronounced negative values of the. hinge-moment
parameter cCh,/oa at hi gh lift coefficients. Itis
shown in reference 2 that this value ,must be -ei the- -zero
or positive for all ar_gles of attack in the flight range
in order to eliminate the control-force reversal
encountered in the iii:;ht tes Ls of- a fly -'n:g 'r:odel of the
X-3- 5 a J_r la.ae' made by	 Aircraft, Inc

inasmucj ias. a zero or positive value of dCh /6a
e

bet._':_er_s a stable control-force variation. only for a
stable variation of ele.va,tor angle -wi'th` airspeed, inspec-
tion of these hinge-moment curves alone does not suffice,
for the deter?ainatlori_of an : arra i-ame ziro i ding
satisfactor,,rcontroh,fo^c^.e character i sties_	 Curves of
elevon deflection and: elevon hibnge •m.omen^ for trim through

i..3lk;- i%SS 1 F i Err'
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the speed range are shown in f iGure 30 for several
center-of-gravity locations covering the probable
operating range for the airplane,

In he determination of the curves of elevon-
deflection and hinge-moment variations mith indicated
airspeed, the airplane weight was assumed to be
16o.000 pounds . ' , Hinge-moment coefficients for trim
(zero pitching moment) were shown in preference to con-
trol forces because results inde pendent of both mechanical
boost and-trim-tab adjustment are thereby made possible.
For practical purposes, a positive slo pe of the curve of
hinge-moment coefficient against airspeed over any portion
of the curve may be considered as indicating an
unsatisfactory control-force variation (from trim) at
the airspeeds in'question,. As indicated in figure 30,
the variation of ` control f .rce with airs peed for the
airplane with zero elevon-tab deflection is knstable at
low speeds.

Lon situdinal characteristics with tab-flipper arr ange-
ment.," F^vC'.^i..r"- ^C'i1^Tit'-. and hinge -moment data are sho n

i n figures 31 through 4J for the tab-flipper arrangements
by means of which improvement of tree control-force
characteristics Was attempted. Curves of elevon deflection
and ? elevon hinge moment for trim through the speed range
are shown in figures 47 through 53 for several conditions
of ,interest. Although none of the combinations tested
showed co -1 ple tely satisfactory characteristics, it may
be-Seen by comparison of figure 30 with figures 47 to 53
that' some 'arrangements of the tab-flipper combination
afforded noticeable improvement in the control-force
-characteristics. A .direct linkage between the elevon
tab and the flipper h e = Q) appeared best in this
respect, provided the fli pper received some boost in
the form of flipper- tab action. The greatest improve-
ment with this direct linkage was obtained with maximum
upward flipper deflection limited to -7.5 0 and a
1:1 rat o between the fli pper and flipper-tab defle c-
tions OF = -6F) as shown in figure 47, or a 2:1 ratio
of flipper s to flipper-tab deflection ^bt4 = - 28 F) with

1

no -7.5 0 limitation to upward flipper deflection, as
shown in figure 481 For. these two _combinations,
satisfactory control.-force vari ations. are indicated
throughout the speed: range investigated, except for they
-3^; :1 • pitch-flap. setting.. ..As shown in figures 39 and 41,

^^r-^T TI H ^rrP 7- n '^v yr
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the motion of the flipper-actuated elevon tab in the
direction required for improvement of the control force
characteristics is cons i derably reduced when the pitch
flap is deflected - 34.1 0 . it is believed that inter-
ference be tween the pitch flap and the fl ; ^ex' causess a
change in flipper floating characteristics, but the test
data did not permit further analysis a this effect.
With the flipper tab held neutral (fig.-49)  or with a
1:1 -ratio of Flipper to flipper tab and no -7.5 0 upward
flipper deflection limitation (fig. 50) the improve-
ment was less noticeable than that shown in figures 47
and 48.

As shown in figure 51, the elevon- tab did not pro-
vide adequate improvement when linked so as to deflect
l o per 20 dipper movement `ite = 125	 with no flipper
tab action. A tab extending over only half of the
elevon span was found inadequate with even the direct
linkage (figs. 52 and 53) . In this respect, the inboard
half-spar- tab appeared slightly more effective than the
outboard tab.

Wherever the tab-flip per action caused an improve-
ment in hinge-moment characteristics it also caused a
reduction in stick-fixed stability as indicated by the
variation of elevon deflection with airspeed. This
effect is a result of the large p itching moments introduced
by tab deflection and is inherent in the nature of the
arrangement. Although an unstable elevon-deflection
var-i ation :accompanied by a stable control-force variation
might-not-be dangerous ( the range of elevon movement
involved,.Assuming a mechanical advantage d5e/d5s = 0.729
and a tontrol-column length of 22 inches, corresponds
to slightly more than a 5 -inch travel at the top of
cantrol.to umn), it would nevertheless be undesirable
.andmight :constitute a significant objection to the use
of the tah,fli pper device for improvement of the control
force._ characteristics.

Pall, are presented in f igura s 54` to 59 for tests
` in whicl . the 'tab was allowed to f loat freely with no
flipper :cbnnection. Zlevonndeflection and hinge-moment
variations with airspeed for these candi tions are shown
in figures 66 and 61 and ind .ca.ta -tha.t the plain tab did
not have sufficiently- high up-flaating^ tendencies to
cause. l the desired change in hinge=moment-characteristics.

Nr^T1^\TTTti
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With :splines at the trailing edge ( to , increase the up-
floating tendency of the tab) the im provement was marked
but not as great as that obtained with the best tab-
flipperi combinations.

Lateral Control

in order to indicate the possible influence of the
free-floating tab-flip per combination on lateral control
characteristics, curves of rolling-moment, yawing-moment,
and elevon-hinge-moment coefficients against angle of
attack are shown for a range of elevon settings in
figures 62 through 67. These curves are presented only
for . the locked elevon tab (6te = 0) and for the direct
linkage of elevon tab and flipper tab to flipper
j b te = tp = - 6 t T) . The results are therefore not

directly applicable to the best tab-flipper combinations.

Although some of the hinge-moment data in these
curves are ._rather erratic, making analysis difficult,
some comnarison is possible between lateral control
characteristics with tab fixed at St,^ = 0 and with the
tab-flipper combination floating freely. Estimated
helix angles and control forces are shown_in 	 figures 63
and S9.,^Aln :obtain.ing ,these curves, be =_0 was taken
as th'e_ neuara.l'selting. The actual neutral setting in
f light - w ould Ve that required for longitudinal trim and
would vary iwi.th center--of-gravity position, power
effects etc. The helix an gle was computed as
pb _ 0 -S C 	 v	 rwhere a value of 0.467 was used for the
2V	 CL-0
damping coefficient C lp . The air p lane weight was again
considered to be 160,000 pounds and no mechanical boost
was assumed. Hinge-moment coefficients were corrected
for the effective change in angle of . attack over .the
elevon due to rolling, but the influence of the small
additional change in effective angle of attack at the
flipper (because of 'the more outboard location of the
flipper relative to. the elevon) was neglected. Although
it would not be possible to determine the effect' of this
factor without flipper_ and tab hinge-moment data, it was
assumed that the effect wauld not be very great, inasmuch
as the maximum difference. in effective angles of attack
for 'the cases .presented in figures. 68 . , and 19 would . be
approximately 0.40..

r ^T	 JyToot
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CoMarison of fi Oe 68 (a) wi th 69(a) and
figure 60b) wi th 69(0) shows that this tab-flipper
arrangement caused overbalance at small deflections,
and a reduction in rolling effectiveness. An exnlana-
tion.foT these effects mad- be je2n in the nature of the
elevon tab behavior at constant angle of attack.
Inasmuch as the eleven tab and the flip p er are designed
to operate., as a unit independent of elevon deflection,
the elevon tab tends to trail as the elevon is de-
flected, thereby act- ng .. as a' r	 _	

_^_
ba.^a._cL;:	 t ab.	 pis tab

^	
1action i s shown in figure 43(a)   where fo r the same

arrangement and configuration as that of figure 69(b)
it may be seen that at a = 12 0 , elevon-tab deflec-
t=on changes from 0 0 to 2.3 0 when the elevon is
deflected upward from 0 0 to -50.

The effects of this balancing-tab action, which
apparently caused the reduction in pb;2ti as well as
the overbalance, are illustrated more directly by the
curves of hinge-moment and rolling-moment coefficients
plotted against elevon deflection in figure -0. As
shown in this figure, the slope dCh ehbe is positive
at small elevon angles with the tab-.flipper combination
floating freely. Although tendencies toward overbalance
would be present with other tab-flip per combinations,
actual overbalance might not exist, particularly if the
neutral elevon settings were not in t'_n_e vicinity of
be = 0 0 . The irregularities  introduced in the variation
of lateral-control force with control-wheel deflection,
however, might nevertheless be undesirable.

SUMMARY OF RESULTS

The significant results of the 19-foot . pressure-
tunnel tests of a 1/7-scale semispan model of the
XB-55 ai rplane - may be summarized as , follows

1:.-The present leading-edge slot did not appear
to be -adequate to provide substantial relief of stick-
fixed instability introduced by early tip_ stalling on the
tapered, swapt-back. wing. Modi fication  of the slot entry
and an . increase in slot ..spanv appeared. desirable.

2. The:elevon tab,fli yer:grrangement-used in the
mode 1 . to s is appeared capable of prouding !appreciable
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impravement in static longitudinal control force char-
acteristics over those with no tab-flipper device. Divo
of t-Le combinations tested resulted in stable variations

»	 of elevon force 4,rith airspeed for all conditions except
.hat in which the p tcn fl ark r,ias deflected -

/
-,) 

_r
, 

l o

These combinations were: (a) direct tab-fli-Dr 	 linkage
(bt e = 6F )I 1:1 ratio of fli_cper to fl__ eer tab
(b tF = -bF ) ^:ii th a -? . ° limit to ?maximum upward
flipper deflection; and (b) direct tab-flirrer linkage
( b te = bF ) , 2 : 1 ratio of flipper to flipper tab

Lb tF = -b^	 ^aitl?oizt the - 7 .5 0 upper limit to flipper
deflection_.

j. When the flipper device :^.gas used w`h a half-
sp.an tab, the inboard half-span tab was found to be
slightly_ more effective tl an the outboard half. Neither
however, produced adequate control-force improvement.

4 e The beneficial effects of the tab-flip per device
on control force characteristics were accompanied by an
undesirable decrease in st`cl -fixed stability, because
of the i aching :moments produced b ar the tab.

5. The use of a _ nlai n elevon tab free-floating
independently of the fli pper did not result _L the
desired improvement of control force characteristics.
Improvement was noted when. the tab floating tendency was
increased by the installation of trailiing-edge "cords,"
but the device was not as effective as the better tab-
flipper combinations.

6.1t a given angle of attack, the action of the
elevon tab in floating (with the flipper) independently of
elevon deflection is similar to that of a balancing tab.
This tab action causes a decrease in rollin g effec-
tiveness and may also lead to undesirable lateral
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control force characterist"ics, possibly causing over-
balance 'in certain condi tions.
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FI allRE . LEGEP,iDS

Figure l.• I-scale: semispan model of the XB-35 airplane
mounted with a reflection plane in the NACA-Langley
19-foot pressure tunnel.

(a) Front view.

Figure l.- Concluded.
I	 -

(b) Rear view .

Fi^~ure 2.- Arrangement of the 1/7-scale XB-35 semispan
model and reflection plane in the 19-foot pressu-e .-
tunnel.

Figure 3.- Plan and elevation view of 1/7-scale
XB-35 semispan model.

Figure 1s.- Details of landing flan; l/7-sca7-e XB-35 semi-
s pan model.

Figure 5.- Details of pitch-control flap and rudder;
1/7-scale XB-35 semispan model.

Figure 6.- . IDeta Is,.of elevon; 1/7-scale XB-35 semispan
model

Figure 7.- Details of flipper; 1/7 - scale XB - 35 semispan
model.

Figure 8.- Typical section of leading edge slot.
1/7-scale XB-35 semispan model.

Figure 9.- Variation of duct entrance velocity ratio
with angle of attack. 1/7-scale XB-35 semispan model.

Figure 10.- Effect of transition ors aerodynamic ch.ar.ac--
teri-stics.. .1/7-. scale XB7 35 semispan model; '5f  == C;

S	 6fp = O o ; slot .: closed:;_.6e _ Oo; bte = O o ; flipper

locked; R	 7,500,000; M z"0.12,

UNC LAS 8'F- k_
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FIGURE LEGENDS - Continued

Figure 11.- Effect of transition on aerodynamic charac-
teristics, 1/7 :-scale XB-35 semispan model; 6f = 00;

bfp = 0 0 ; slot open;bte = 0 0 ; flipper locked;

R = 7,500,000; M z 0.12.

(a) be = 0°.

Figure 11.- Concluded.

(b ) be = -10°.f

Figure 12.- Effect of transition on aerodynamic charac-
teristics. 1/7-scale XB -35 semi span model; bfL = 43.3 0;

bfp = -34.1 0 ,• b te = 0°; flipper locked; slot closed;

R	 7,500,000; PY.	 0.12.

(a) be = 00.

Figure 12.- Concluded.

(b) be = -100.

Fi gure 13.- Effect of transition oL aerodynamic ch arac-
teristics. 1/7-scale.XB-35 semispan model; bf L = 43-301-

bfp = - 34.1 0 ; slot open; -	 = 0 0 ; fli pper locked;

R Z 7,5 00 , 000 ; M :-, 0.12.

(a) be = 00.

Figure 13.- Concluded.

(b )- be = -10
0
 .

Figure lb,..- Effect of transition on aerodynamic charac-
teristics. 1/7-scale ...XB-35 semispan model; bfL = 43-30,
slot open; be = 0 0 ; b-t -= 0 	 flipper locked;

e
R ^ 7,500,000; 'M ^_- 0.12.

(a) 6f  = 00.

^.^^il LA,SSI E r
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FIGURE LEGENDS - Continued

Figure 14: = Concluded.

(b ) 6f p = -14-10.

Figure 15.- Effect of slot on aerodynamic charac-
terstics; 1/7-scale XB-35 semispan model. bfZ = Oo;

6 
fP 

= (DO, be = 0°; 6t ei = 00; bteo	 0°; flipper

locked; ,R ^ 7,500,000; M	 0.12.

Figure 16.- Effect of slot on aerodynamic charac-
teristics; 1/7-scale XB-35 semis pan model. 6f = 43 ^ 3)

°
l	 '

be = 00; 6tei = 0°; bteo = 0 0 ; flipper loc^led;

R	 7,500,000; M z 0.12.,

Figure 17.- Effect of slot on aerodynamic charac-
teristics; 1/7-scale XB-35 semispan model. 6 f Z = Oo;
bf = 0°; be = 0°; 6t ei '= 00; bteo = Oo; flipper free-

floating; R	 7,500,000; M Z^ 0.12.

Figure 13.- 'Effect of slot on aerodynamic charac-
teristics; 1/7-scale XB-35 semispan model. 6f l	43.3

6f = -31.10;
P	

bt ei, = 00; bteo = -15 0 ; flipper free-

floating; R,	 7,500,000; TtI. = 0.12.

Figure 19.= Stall diagrams of the 1/7-scale semispan model
of the XB-35 airp lane . 6t Z = 00; be = 6F = 6t e = Oo'

6 fp = 0°, R N 7,500,000, i,i z 0.12—

Figure 20.- Stall diagrams of the 1/7-scale semispan 	 o
model of the XB-35 airplane. bfZ = 43.3 0 6 f

p 
= -34.1
 s

be = 6F = 6t e 
= 0°, R z 7, 5'00, 000, PJI z 0.12.

Figure 21.- Stall diagrams of the 1/7 - scale semispan model
of the XB-35 airplane. 6fZ = u3.3°, be = bF .= 6 e = 00,

slot closed. R	 '7, 500, 000, TAI ti 0.12.

Figure 22.- Leading-edge slot exit-velocity ratios.
1/7 -scale XB-35 semispan model; b e =	

ei
bt	 = 6t eo = 00;

flipper locked; R M 7.9 500,000;' 1", :^-, 0.12.

GO ,,S 4, T^'
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I _T L L IFG LLS - Continued

Figure 23.- Leading-edge slot e_°it pressure-recovery
coefficients. 1/7-scale XB -35 semispan model;
6 e = b to	 oteO	 00; flipz)er locked; R ^ 7,500,000;

!,T	 0.12.

Figure 2LL,-. Full-span elevon-ta'Q effectiveness. 1/7-scale
XB-35 semi,snan model; 

of, 
= 00; 5
	

= 0 0 ; slot closed;

flipper free-floating; n :^ 7,500,000; Pv1 	 0.12.

(a ) be = 00•

Figure 24 '.- Continued'..
C , ) be = -5 °

Figure 2L:_.- Continued

(..c.) be = -100.

Fi--ure 24.- .Concluded .

(d) be = -150.

Figure 25.- Fuld'-sp-an .elevon-tab effectiveness. 1/7-scale
YB-35 semisnan model; b fL = 43.30; b fp = -34-1.0 slot closed

flin-oer free-floating; R z 7,500 3,000; Pd	 0.12.

(a) be = 00•

Figure 25.- Continued.

(b)
be = -50'

Figure 25.- Continued.

(c) be = -100,

Figure 25,- . ,Con.cluded.

(d) s, _ -150.

LAS S
ka

M
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FICRTRF LEGENDS - Continued

Figure 26.- Half-span elevon-tab effectiveness. 1/7-scale
XB-35 semispan model; b f, = 0°; (5f.0 = 0°; slot closed;

0°; flipper . free-floating; R	 7,500,000;btei = 
I^ = 0.12.

( a) be ` 00

Figure 26.- Continued.

(b) se = -50.

4	 Figure 26.- Continued.

(c) be

Figure 26.- Concluded.

(d) be = -150.

Figure 27.- Half-span elevon-tab effectiveness	 1/7-scale_
.XB-35 semispan model; bf,	 = !43.3°;	 bfp = -)

.

^.1°;	 slot

,ope'n;	 bt	 = 0 0
;	 fli pper free floating;	 R	 7,500,000;e i.

DI N 0.12.

(a) be 
= -00.

Figure 27.- Continued.

(b) be = -50

Figure 27.- Continued.

be	 -10

Fi aure 27 . - Concluded.

(d) b e 	 -150.

Figure 28.- Effect of elevon deflection on aerodynamic
characteristics.	 1/7-scale XB-35 semispan model;
bfZ = 00;	 b f_	 = 0

0 ; slot closed;	 b te = 0 0 ;	 flipper

free-floating;btF =	 -b F ;	 R	 7,500,.000;	 i4i	 0..12.`

Cln.- 
,IT '"T71-TAT^	 -

NOLASSIRE
4
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;.	 FIGURE LEGEi`1DS - Continued

9.- Effect of elevon deflection on aerodynamic
.cteris tics . 1/7-scale X3-35 semispan model;

b f Z = ^^3.3°; bf' = -34.1 ° 	 Oo; slot open; 6 t e I	 ^P
fliz^Der free-floating; Gtr = - 6F; R z 7,500,000;
M x 0.12.

Figure 30.- Variation of elevon deflection and hinge-
moment with speed. XB-35 airplane, 6t  = 00;

6tF = -6 F ; flipper free floating.

Figure 31.- Effects of free-floating outboard half-span
elevon tab and flipper combination. 1/Z-scale
XB-35 semispan model; b f; = 00 ; 6fp = 0 ; slot closed;
bt

ec = 6
F ; btF
	 ei
= - bF ; b t	 = 0°; R z 7,500,000; M = 0.12.

Figure 32.- Effects of free-floating outboard half-span
elevon tab and flipper combination. 1/7-scale
XB-35 semispan model; 6 fl = 4-5.3 0 ; 6f  = -34.10;

slot closed; btei = 00; 6teo = 6F ; 6t F = -6F;
R z 7,500,000; N	 0.12.

Figure 33.- Effects of free-floating inboard half-span
elevon tab and flirDer combination. 1/7-scale
XB-35 semispan model; 6f l = 0 0 ; b fp " 0°; slot closed;

bteo	 00; btei = bF; btF = - bF ; R	 7,5 00 , 000 ; 	0.12.

Figure 34.- Effects of free-floating inboard half-span
elevon tab and flipper combination. 1/7-scale
X3-35 semispan model; bf Z = 43.3 0 ; slot open;

bteo = 0 0 ; b t2 - = bF; 6tF = - 6F ; R	 7,500,000; M " 0.12.

(a) bfp = -3.10.

Figure 34 , -" Continued,

Figure 34.- Concluded.
(c) 

bf = 00.
D

NC	 3y.y^-JIr-Sua• 5^^
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FIGURE LEGEIvTDS - Continued

Figure 35.- Effects of free-floating full-span elevon
tab and f lipper combination. J_^7 -scale XB-35 semispan
model; b fl = 00; bfp = 0 0 ; slot closed; bte = bF;

(5 t, = 00; p,	 7,500,000; 1,7	 0.12.

Figure 36.- Effects of free-floating full-span elevon tab
and flipper combination. 1/7-scale XB-35 semispan
model; SfZ = 43.3o; slot open; bt e = bF; bt F = 00;

7,500,000; M ^ 0.12.

(a) b fp = - 34.11).

Figure 36.- Continued.

(b) bfp = -14.1°.

Figure 36.- Concluded.

(c) b fp = 0 0
.

r	 Figure 37.- Effects of free-floating full-span elevon tab
and flinger combination. 1/7-scale XB-35 semispan
model; bfZ = 00; bfn - 0 0 ; slot closed; Ste = 1/26F;

1

b tu, = 0°; R	 7,500,000; M	 0.12.

Figure 38.- Effects of free-floating full-span elevon tab
and fli pper combination. 1/7 - scale XB-35 semispan
model; 5f  = 43.3 0 ; slot open; ste = 1/25F; StF = 0°;

R Z^ 7,500,600; M z 0.12.

(a)
sfp = -34.1

0
.

Figure 38.- Continued.

(b) bfp = -14.1°.

Figure 38.- Concluded.

(c) b
fp 

= 00 .
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FIGURE, LEGENDS - Contlnued

Figure 39.- Effects of free-floating fltll-spar_ elevon tab 	 y
and flipper combination. 1/7-scale XB-35 semispan
model; b fZ = 0 0 ; bfp 	0'°; slot closed; •b te = bF;
b tl - 12,5 R	 7,500,000; Pi z C.12

Figure 110.- Effects ,o.f free-floating full-span elevon tab
and flipper combination, 1/7-scale XB-35 semispan
model. bf, = 43.3 0 ; slot o.pen; b ,t e = bF; 6tF = -1/28F;
R 7- 7,500,000; TA ^ 0.12..

(a) bfp = -34.1°.

Figure 40.- Continued.

(b) b fp = -14.100

Figure 40.- Concluded.

(c) bf_.	 00
..	 p

Figure 41.- Effect"of free-floating
flipper combination With flipper
to -7.5 0 . 1/7-'scale XB-35 semis
bfp = 0°; slot closed; b te = bF;

R z 7,500,000; M =-0.12..

elevon tab: and
u-o deflection limited

pan model; b f Z = 00;
btF = -bF;

Figure 42.- Effect of free-floating elevon tab and flipper
combination with flipper , up- deflection limited to -7.50.
1/7-scale XB-35 .semispan model; 5- = 43.3 0 ; slot open;

6te = bF ; bt F = - b F ; R'iz 7,5 00 , 000 ; M z 0.12.

(a) bfp = -34.1 0 .

Figure 42.- Continued.

(b) bfp = -14.1° .
I.

Figure 42.- Concluded.

ry ^	 -
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FIGURE LEGENDS - Continued

Figure 43.- Effect of elevon deflection on aerodynamic
characteristics.- 1/7-scale XB-35 semispan model;
bfZ = 00; 6f  = O o ; slot closed; b te = bF; btF = -br;
R	 7,500,000; M z 0.12.

Figure	 :- Effects of free-floating full span elevon
tab and flippercombination. 1/7-scale XB-35 semispan.
model; bfZ = 43.3	 slot open; bt e = bF ; b tF = -bF,;

R :- 7,5 00 , 000 , 'AT	 0.12.

(a) 6f  = -34.10.

Figure 44.- Continued.

(b) bfp = -14.10.

Figure 44.- Concluded.

(c) bf = 00.
p

Figure 45,- Effects of split rudder on floating charac-
teristics of free-floating elevon tab and flipper
combination, 1/7-scale XB-35 semis pan model;
bf Z = 0 0 ; b fp = 00 ; slot closed; bt e = bF ; bt F = -bF;

R -_ 7,500,000; AT z 0.12.

Figure 46.- Effects of split rudder on floating charac-
teristics of free-floating elevon tab and flipper
combination. 1/7-scale XB-35 semispan model';
bfZ = 43.3 0 ; slot open; b te = 6j,, ; btF = -(5F;
R ^-_ 7,500,000; M Z 0.124,

(a) b f o = -34.10.

Figure46.- Continued

(b ) bfp = --14 *lo.

Figure 46—- Concluded .

(c) b fp = 00

C Ol ,.	 T
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FIGURE LEGENDS - Continued

Figure	 Variation of elevon deflection-and hinge-
i	 moment with speed:	 XB=35 airplane, b i-

e
=	 o-p;	 bt L, _

1
-6F;

F1i goer and elevon tab cwilaination free floating;
11aximum. nega.t 've bF = -7.50.

Figure	 Variation of elevon deflection and hinge-
moment with speed.	 XB-37 airplane, 6 t = 6F;

e
6tF = 7 1125 F ; flipper and elevon tab combination
free floating.

Figure 49 . - Variation of elevon deflection and hinge-
moment with spa d;	 B-35 airplane, Ste = 6r; 6 ti = 00;

flipper and elevon tab combination free floating.

Figure 50.- Variatiion, of elevon deflection and hinge-
moment with speed.	 XB-35 airplane, St e = 6 F ; 6t F = -5F;

flipper and elevon tab combination free floating.

Figure 51.- Variation of elevon deflection and hinge-
moment with speed.	 XB-35 airplane, S te = 1/25F;

. b°; fl ipp:e r and elevon -tab combination free
floating;

Figure 52.- Variation of elevon deflection and hinge-
moment with speed. 	 XB-35 airplane, bteo 6F';
°te1 = 00 ;	b t F = - F; . .flipper and outboard elevon

tab combination free floating.

Figure 53.- Variation of elevoaA deflection and hinge-
moment with speed.	 XB-35 airplane, 6teo = 00^

btei - 6 F ; 5t F =	 5,-, ; fIippeI,` arid` inboard elevon tab
combination free floating.

Figure 54.- Effects of .free -flo
elevon tab. 1/7-kale XB-35

6f = 0°; slot closed; 5tP	 eo
6 t=

r 
= -6F; R ^ 7,5 00 , 0:00 ; M

atii^.g - inboard half-span
sem i s-oan model; 5f Z	00;

0°; flipper free floating;

04 18.
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FIGURE LEGENDS - Continued

Figure 55.- Effects of free-floating inboard half-span
elevon tab	 l /7- c-ale XB-35 semi Span model;
bfl = 43.3 0 ; slot 6pen; bt

eo 
= 00 ; flipper free

floating; bt F 	b' ; .R . R ^ 7,5 00 , 000 ; M a 0.12.

(a) bfp = -34..10.

Figure 55.- Continued.

(b)
5f  = -iL.l°.

Figure 55.- Concluded.

(c) bfp = 00.

Figure 56.- Effects of free-floating full-span elevon tab.
1/7-scale XB-35 semispan model; bf, = 00; bfr = 00;

slot closed; flipper free floating; btu, 	 -bF;
R - 7,.500,000; M - 0.12.

Figure 57.- Effects of free-floating full-span elevon tab.
1/7 -scale XB-35 seinis^an rr^odel; bfZ = 43.3 0 ; slot open;
flipper free floating; bt F = -bF ; R	 7,500,000; ICI	 0.12.

(a) . . bfp	 _34.10

Figure 57.- Continued.

(b) b fp	 1411°.

Figure 57,- Concluded,

Figure 58.- Effec
with splines.
bfl	

00; bfp

btF = -5F; R ,v

(c) bfp = 0°.

:;s of free-floating full-span elevon tab
1/j-scale XB -35 semispan model;

00 ; slot closed; flipper free floating;

7,500,000; M " 0.1261

C
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F
.
lGURE LE'GEITDS - Continued

Figure 5 9 .-. Effects.. of .free-flaating . full-span elevon
tab with.s.plines. 1/7-scale XB-3'5 semispan model;
bfL = 43.3 0 ; slot open;- flipper free floating;
b tF = - b li ; R z 7,5 00 , 000 ; -M	 0.12.

(a) b fp = 34 .1°.

Figure 59-- Continued.

(b )- 6f '01.
Figure 59-- Concluded.

Figure 60.- Variation of ele'volz deflection and hsnge-
moment with speed. XB-35 airplane, b t„	 -8F;F
flipper and elevon tab (without splines) free floating
separately.

Figure 61.- Variation of elevon deflection and hinge-
moment 14vith speed. . XB-35 airplane, . btF = -bF;
flipper, and"elevon tab (with splines) free floating
separately.

Figure 62.- Aileron characteristics with elevon tabs
locked, 1/7-scale XB-35 semispan anodel; bf = 00;.L

bfp = 0°; slot closed; flipper free floating;

s t F = - s F; R	 7, 5 00 , 000 ; 11	 0.12.

Figure 63.- Aileron characteristics with elevon tabs
locked. 1/7-scale XB-3.5 sen span model; b fL = 43.3

b fp = - 34.1°; slot open; flipper free floating;

btF. _ 6F;. R	 7,500; 000; N1	 0.12.,

Figure 64.- Aileron characteristics with a free-floating
elevon tab and flipper combination. 1 /7-scale
XB-35 semispan model; bfL = 0 0 ; bf = 0 0 ; slot closed;

p
b te = 6 F ; btw = -bF; . R z 7,5 00 , 000 ; M ^ 0.12 .

I-IRTR T^^_l ToiTL
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FIGURE	 =,1DS - Concluded

Figure 65.- Aileron characteristics with a free-floating
elevon tab and flipper combination. 1/7-scale
XB-37 semiii span model; bf Z = 43.3 °; 6fP = -34.1 0 ; slot
open; bt e = 6F; 6t F = -6F ; R	 7,500,000; MI	 0.12.

Figure 66.- Aileron characteristics with a free-floating
elevon tab and flipper combination. 1/7-scale
XB-35 semisi)an model; b f Z = 43.3 0 ; b fp = -14.1 0 ; slot
open; St e = 6 F ; bt r = -b F; B Z 7,500,000; P;i ^ 0.12.

Figure 67.- A i leron characteristics with a free-floating
elevon tab and flipper combination. 1/7-scale
XB-35 semispan model; 6fZ = 43.30; 6fp = 0

0 ; slot open;

bt 
e = 6F; btF = -'5F;
	 7,500,000; M	 0.12.

Fi .--ure 68,- Variation of esti_rlated helix angle and lateral
n	 control force with control-wheel deflection. XB-35 air-

plane with free-floating flipper. bte = 0°; 6-IF	 -6F.

(a) bf Z = 00; b fn = 0 0 ; slot closed.

Figure 68.- Concluded.

(b) 6f Z = 43.3 0 ; 62p = -34-1 0 ; slot open.
Figure 69.- Variation of estimated helix angle and

lateral control force with control-wheel deflection
XB-35 airplane with free-floating elevon tab and flipper
combination. 6t  = 6 F ; btp _ - 6 F-

(a) bf Z = 0 0 ; bfp = 0 0 ; slot closed.
Figure 69.- Concluded.

(b) bf, = 43.3 0 ; 6- = -34 .1 0 ; slot open.

Figure 70.- Effects of free floating elevon tab and flip-
per cor.^bination on lateral control characteristics.
V7 -scale XL-35 semispan model. 6 fZ - 13.30;
bfp = -34-1 0 ; a - 12 0 ; flipper free floating;
6t  = -bF.
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(a) Front view.

Figure 1.-	 -scale semispan model of the XB-35 airplane mounted with a

reflection plane in the NACA-Langley 19-foot pressure tunnel.
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A6LLAL	 (b) Rear view.

Figure 1.- Concluded.
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Figure 2.- Arrangement of the %y-scale XB J5 semi span model and reflechon plane in the 19-foot pressure tunnel.
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Figure 4.-Details of /ondinq flap. ,,-sca/e X3-35 semispan model



setting blocks

WinyStcF Pitch flop chord	 Rudder chord
766	 .57/
6.92	 .5.00

-nensions in inches

Rudder setting
blocks

NATIONAL ADVISORY
COMMITTEE FOR AEWWAOTIeS

Rudder

Flexi,

MR No. L5L27

•

•

•

•

5FIEi i 3 t—

^h

S t0
/4743

leodin9 edge S/ot

r Sto 11595
Pitch flop hinge /irx

^A Rudder hmga /i^e^

----J--------------- ---- —

Figure 5 . - De tads of pl tch -control flap 7r70/ rudder, t/7 ,scale XB -.35 7em1 soon model.
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Figure 7. -Details of flipper %-scale XB-35 semispar /node!.
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MR No. L5L27

CCz 21.7 °C,=IOa	 NATIONAL ADVISORY	 CC =197° C, =112

COMMITTEE FOR AERONAUTICS.

(a) 51of Closed	 r	
«T nt	

(b) .Slot open

Figure 19- Stoll diagrams of M6, 117 -SCOIe 5cml,5pan model of the XB-35 airplane. 6F =0; 6e=6,==-6==0,`
5v0, R - 7, 500, o00, M= 0.12.	 ^
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(n) Slot closed	 (b) 3161 op,-,-2
Figure 20 - Stoll diagrams of 1hc //7 - .5cak sc m1-51xri model of 1hP XB -35 airplane. 6 z 43.3, S, -34.

6e 1 5, - - r;, , - 0, P --- 7, 5= (	
z



T 2	 6	 /0	 11f	 /6 22	 CC =Iz.B C =1.14

Gc

q SMOOTH FLOW

m/ 	 CC-16.0° C=121

INTERMITTENT
STALL

DIRECTION OF	 C =18.0 - C=1.30
1y \^ CROSS FLOW

Cm 04

.03

(A

'2

'.0

)8

2E

')A

CC=11.7° C=1.07

C

CC=149° C=126

CC-29° C,=050

CC=95- C=097

X-IL7° C=112

X-18.0° C,=1.35

r

MR No. L5L27

f NFI	 L

l

CC=16.0°C=1.34

NATIONAL ADVISORY
Cr'=2(0° 	 a' -19o° C =c.jo

COMMITTEE FOR AERONAUTICS.

^ vrr
(a) 5 =0°	 (b) 6

Figure 21.- Stoll diogrom,s of The 117 scale wmi,5["n modei of The XB-35 airplane. 6, - 433; c5,=4-5,-O,
slot closed. R-7,500,000, M-012.
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