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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

-~ RESEARCH MEMORANDUM -~ = =~
for the

Air Materiel Command, U. S. Air Force

STATIC 'IDNGITUDINAL STABILITY OF A TANDEM-COUPLED,
BOMBER—FIGETER ATRPLANE CONFIGURATTON PROPOSED
| BY ALL AMERICAN ATRWAYS, INC. |

By Donald E. Heves
SUMMARY

"o At the request of the Alr Materiel Comnand an’ investigation was

' made in the Langley free—flight tunnel to: determine the static longi—'-
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tudinal stability and control characterietics of models coupled together

.1n a tandem configuration proposed by All American Airways, Inc. Force ;
'tests were made using L--scza_'Le mod.els of B—29 and 780 airplanes to '

20

"determine the effects of coupling the fighter to the tail of the bomber .

The results of the investigation ehowed that for the 'bomber alone
the aerodynamic center was 0.21 mean aerodynamic chord behind the center

- of gravity ( stable) but that for the tandem configuration the aerody—

namic center was O. 09 mean aerodynamic chord forward of the center of
gravity of the- combination (unstable) *"The elevator ei‘fectiveness .of

the bomber wes reduced approximately 50 percent by addition: ‘of, the -
. fighter. Some- recent flight tests made in the free-~flight turinel with

models simuleting the proposed coni‘iguration indicate that the reduc—
tion in stability msy be minimized by incorporating a hinged. coupling

: permitting freedom in pitch.

INTRODUCTI OoN
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At the request of the Air Materiel Command. an investigation was ’

" made in the Langley free—flight tumnel to determine the" static longi—-

tudinal stability and control characteristics of models coupled together
in a tandem configuration proposed by All American Airways , Inc., for
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serial refueling. Thls configuration consists of a fighter coupled rig—
idly behind a bomber with the nose of the fighter inserted in a conical

 receptéacle built into the rear section of the bomber fuselage. Force

tests were made using -é%—scale models of the B—29 and F-80 airplanes to

determine the effects of coupling the fighter to the bomber. Because
difficulty has been experienced in estimating the downwash correction
factors to be used in theoretical calculations of the longitudinal sta—
bility for' this type of con:f‘igura.tion, the downwash factors were ccmputed.
frcm 'bhe data obtalned in the force tests.. _

smaozs |
W - ".:"weight‘, >p01.vmd’s ‘
S | wing area, square fee'b
< wing. mesn a.erodynamic chord feet
b - .vwing span, feet » | - 7 ,
1 tail lengl;h distance.. from ;'center of gravity to quarter root— '
BT chord station of horizont, - tail, feet
m , dista.nce from: center of gravity of the bamber alone to center

~of gra.vi'by of the bomber—fighter combination, feet

‘n d.istance from center of gravity of the bomber—fighter combi—

nation to center of gra.vity of fighter, feet
v ‘airspeed. foet per. second. :
p . air d.en.eity, slugs per cubic foot
. q dyna;mic pressure, pounde per squa.re foot ( , '-V?)
@ ~ angle of attack of reference axis, d.egrees
€ . o fdownwash angle s d.egrees
g o | a.ngle of elevator d.eflec‘bicn, positive downwa.rd. degrees
c

119t coefficien‘b (Ligt/qs)
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C_ . B R pitching—moment coefficient (Pitching moment/qS")

. m
.o CI..'- ra:be of che.nge of lift coefficien'b with angle of atta.ck, per
: o ~ degree (3Cp /a

rate of change of pitching—-moment coefficient with ‘angle of

Mo attack per degree (BC laa.)
Cmﬁ" s eleve:bor effectivenese , rate of change of pitching—morment ‘
: - coefficient with elevator deflec'tion, por ‘degree (BC /386)
Q-i R lra.te of cha.nge of d.ownwash a.ngle with a.ngle oi’ e.ttack, per
da degree ~
_ Su‘bsci-'ipte’
b . bomber, B—29
: T o »-'fiéh,ter, 80
ot _horizontal tail

_ The investiga‘bion was,. ma.de in the NACA free—fligh‘b tunnel which is "'-
d.eecribed in referencee L e.nd. 2,70 o v g e :

N A threedview drawing of the mod.els used in the inveetigation is _
~'shown in figure 1 and - ‘the physical cha.rac’terietics are:listed in table I.

. The weights of the full-scale- airplanee were assumed to’ be 120, 000 and . -
..12,000 .pounds for the bomber and fighter, respectively.. The center of

. ‘gravity of each model was assumed to be located. at 0.26 mean e.erodynamic
chord and the resulting center’ of ‘gravity -of the combina.tion was.- at

" 0 T4 mean aerodyna.mic chord of the bomber.  The F-80 model repreeented. ‘
-a.pproxima.tely a scale model of a prototype of the F-80: airplane.

o s R e "",""‘,,e.o-'-!ﬂv;--,-v,“‘:w» e e e ma e s
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FORCE TESTS

The 1ift, drag, and pitching moment of the B~29 model with horizontal
tall on and off, of the F-80 model alone, and of the com‘bination were
measured th.rough an angle—of—attack range of —2° to 8°. Elevator control
effectiveness of the B~-29 was maaaured. for both the coupled. and uncoupled
conditions. Elevator settings of +5° were used. All the coefficients
for thé coupled condltion were based on the wing area and mean asrody—.
namic chord of the B-29 and the center of gravity of the combinatiaon.

CALCULATIONS

The downwash factor for each surface vas calculeted by ‘comparing the

- pitching-mament coefficlent about the airplane center of gravity produced

by the surface while in the downwash field with the pitching-moment coef—
ficlent: prod.uced by the same surface when 1solated from the downwash
field. ,

The' d.ownwash fa.ctor ‘ ( - %—fi) at the tail of the bomber due to
wb ..

the bom‘ber wing Was ca.lcula.ted. from the force-'test data for the bomber

" alone by 'bhe following equation

e —¢

( - Q._e_) x ‘m“{:ail on m“tan off : (1)

1
Lu‘bail o Sp

- are based. on the wing a.rea of ‘bhe

where C'" s a.nd c o
- Poa11 on m"taﬂ off -

- bomber. The term CL ' .18 the- lift—curve slope for the tall. when

- 0‘(;a‘:ll :
not 111 the downwa.sh fleld of the. wing and. 1s based on the tail a.rea._

AR e D RN A T ADRR T T L e e s
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WA D

; The total downwash faotor ( -g;) due to the bomber wing and
, AL WD - i

tail on the fighter was calculated from the force-test data by the
following approximate equation

Cp + =Cp =0p (m) -
(-%) m-—bL_ T b7 (2)
W
= O, (5)
S'bW ' a‘f c
where c . is based on wing area and mean aerodynamic chord of the

o
‘bomber and the center of gravity of the combination.

_ To determine the contribution of -the bomber tall to the total down—
wash factor it was assumed that the- downwash due to the bomber wing was °
' the ‘same’ at the fighter wing as. at the bomber tail Thereforeﬁ,'j-

d_ . ~no ]
=
' v wb

The error in this assumption is belleved to be negligible‘since the
distance between the fighter wing and the bomber tail 1s small and there °

is probably only a, emall gradient of ( .—-§§>v, in that distance.

E RESUILI'S AND HDlSCUSSION B

, The data Obtained from the force tests are given in figures 2 and 3,
and. the aerodynamic parameters measured from these data and the calcu—
lated downwash factors are listed in table IL. Drag and pitchingrmoment
data for the F-80 model were unreliable due to the small:-size of the »

T oSS THAY oW tutinel-‘speed ~and ‘therefore- are-not - presented..-The - force
) tests showed that for the bomber alone the aerodynamic center was

0.21 mean aerodynamic chord behind the center of gravity (stable) but

_that for the tandem configuration the aerodynamic center was 0.09 mean

aerodynamic chord forward of the center of gravity of the combination

.
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Pes )
..5 (unstable). This reduction in stability produced by addition of the
s fighter to the bomber resulted from a 0.48 mean-eerodynamic—chord rear—
..E ward shift of the center of gravity and a 0.18 mean~aeerodynamic~chord.-

Arearward shift of - the aerodynamic center.

The elevator effectiveness of the bomber was reduced approximately
50 percent by addition of the fighter. This reduction was produced
mainly from the action of the elevator in changing the downwash angle,
thus altering the effective angle of attack of the fighter and tending
to produce a pitching moment opposite to that produced by the deflected
elevator of the bomber. .The effect of the rearward shift of the center
of gravity on the elevator effectlveness was small because the effective
tail length was decreased only slightly by this shift. '

Some flight tests have recently been conducted in the free-flight
tunnel using models similating the proposed  tandem configuration. The
results of these tests (unpublished) indicated that for any center~of—
gravity location the longitudinal stebllity was improved by changing

". from the rigid coupling to one freely hinged in pitch. In fact, for
any gliven center—ofhfmavity location, the stabllity of the model with
“hinged coupling appeared to be about the same as for the bomber alone.
On the other hand, with the rigid coupling, longitudinal instability
we .+ was encountered over a fairly large rangé of center—-of—gravity locations
e -for which the bomber alone was stable. It appears therefore that the
: reduction in stability produced by the additlon of the fighter to the
. bomber may be minimized by incorporating a hinged coupling permitting
freedom in pitch

CONCLUSTONS

. . The results of the investigation of the longitudinal stability of
~ _the tandemrcoupled bomber—fighter airplane configuration proposed by
- All American.Airways, Inc., showed that for the bomber alone the aero—
dynemic center was 0.21 mean aerodynamic .chord behind the center of .
Cgravity ‘(stable) but that for the tandem configuration the aerodynemic
center was 0.09 mean aerodynamic chord forward of the center of gravity
of the combination (unstable). The elevator effectiveness of the bomber
was reduced approximately 50 percent by addition of the fighter. Some
" recent flight tests made in the free-flight tunnel with models simulating

L e N R T PP R
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the proposed coni‘igura.tion indicate that the red.uction in stability may

- be minimized by incorporating a hinged. coupling permi'bting freed.om in

pi‘bch a

Langley Aerona.u‘tica.l Leboratory
- National Advisory Committee for Aeronautics

Langley Air Force Base, Va. . ’

Dena.ld. E. Hewes
Aeronautica.l Resea.rch Scientist

» Thomas A, Harris .
Chief of Stablility Research Division -

" bpe

l. Shortal, Joseph A., and Osterhout, 'Clay'l‘:on J.: Preliminary Stability

and Con'l;rol Tests 1n the NACA Free—Flight Wind Tunnel and Correlation
with Full—Sca.le Flighﬁ Tests. NACA TN 810 1941,

2. Shorta.l J oseph A'. , and Draper, ,J ohn W.: Free—-Flight—Tunnel Inves‘bi—- ‘
gation of" the Effect of Fuselage Length and the Aspect Ratio and
Size of the Vertical Tail on Lateral Stability and Control. NACA
ARR 3D17, 1943. - : : S

: 3 Tosti, Louis P.. , Low—Speed Static Sta.'bility and Damping—in—Roll

Cha.racteristics of Some Swep'b and Unswept Low—Aspect—Ratio Wings.
'NACA TN 11+68 19#7 ’
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. TABIE I

COR@iE oL
. . PBXSICAI. CHARACTERTSTICS OF THE —16-scm B—29 AND 780 MODE
L]
o ®
e IS
L]

Distance between c.g. of B-29 and F-80 _ .
. when coupled, . ... . B
. Distance of c.g. of coupled configuration ) , o R -
rearward . of c.ge" of B—29, ft P o Iy §

Wing area,*sq,féb;f. P ;:.‘5j;'.’. . e h.35 0.59

Span, Tt e o ¢ o ¢ o oe s e s e 0 e e e 0 4. e o e W T.07 1.95

" Mean aerodynamic chord; £t ¢ « v s e o o oo ea . . L6k .34
Center—of—gravity . location, percent M A Ce's o o o0 o o 26,0 26,0

Gross welght, 1D e:e e ¢ v o o« o o s s o o ¢« s o o o « o 15.00 1.50
Horizontal—tail length, £t « « « o o o « o s o o o « « o 2,44 0,73
‘Horizontal-tail ares, L A A R IR RN . 0.83 0.105"

.
G et ! i i o+ e AR e < e e 5 O TP
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\TABLE II |

"% AERODYNAMIC PARAMETERS OBTATNED FROM FORCE TESTS OF THE B—29 AND F-80

Cos E\. value of C of 0.072 for the bomber tail

L

(o)

t . , ‘
wag estimated from data of v‘re‘ference 3]

Configurati oy | Cm O, Om | oy

B29 | o3| o.0i0 | -0.026 | -0.21 |-0.020
- F-80 .089 — I i

‘| coupled B-29 | . Y D »
and F-80 CW121 R w010 | .09 —.009

CALCUTATED DOWNWASE FACTORS
(1 - %Ti) = 0.69 (bomber wing on tail)
wb v

(i - d—e) . =0.32° (bomber wing and tail on fighter wing)

(1‘— ;‘1—) = 0.46  (bomber tall on fighter wing) -
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Figure'il- Threé-view drawing of the Eé-scale B-29 and F-80 models used

for the investlgation of the tandem-coupled bomber- flghter alrplane
configuration proposed by All American Airways, Inc.
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Flgure 2.~ Force test data for the B 29 and F- 80 models alone and for the

.coupled configuration

Be =

OO

\




o

Yi

e
M 3
R NACA RM SL50Clue
;:..‘.'; \§ 3 Model do
S ¥ o B-29 5°
ecosee 1)) ' C R T T R
. S 2PN o ——B-29 ~5°
it | “§ et N Y A & ~——~BXand FE0 &
. P N R
. N T <>"/{'>\/I ( & —-—B290nq /-80 -5
% L A AN | |
: g o}
8
¥
s
E .

~ |
[
§>_
o

=)

[

Lift coeff/(:/eni, <

[y )}

=

=~

N
I~

\h

N
3%
<
a
me

~
N

\ /

" Drag coéff/C/ené (o
N N -

/ .
0 o .. g ,
2 » . .l= L
RS e e L L —'.*.:7_ [

-4 g B B A s e SIS
Ang/e of oh‘ack Ctdeg P/z‘ch/ng Inomen{ coefficient, Cm

ot Figure 3.- Force-test data for the B-29 alone and for the coupled configu—
' ration wlth +5° elevator deflections of the bomber.



!WIHH\IUHIHWIlIWI\\NIHIIHNIIIWIUIIIHIHIIHI

31176 01437 3

4

LS

¥

P





