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f'or the 

Air Materiel Command, U. S. Air Force 

STATIC LONGITUDINAL STABILITY OF A TANDEM-COUPLED, 

BOMBER~IGHTER AIRPLANE CONFIGURATION· PROPOSED 

BY ALL .AMERICAN AIRWAYS, INC. 

By Donald E. Hewes 

SUMMARY 

--- ---------

At the request of' the Air Mater:1:~l Command' an investigation was 
:m.ade in the Langley f'ree-f'light tunnel to determine the static longi-' 

. ( ... - tudiIial stability' and control c4aracterist1cs of' models coupled together 
in a tandem corif'i gurat ion . proposed byfo-ll·.AmericanAirways, Inc.' Force.' 

.. 

. '. 1 . - .. --...... .' . 
testa were mad.e~slng 20 ~scale -models' . of'B-29 and' F-80 airplanes to 

determine the ef'fects of' coupling the f'ighter to the tail of' the bomber. 

The results of'the investigation showed that f'or'thebomber alone 
the aerodynamic_center was 0.21 :mean aerod3namic chord behind. the center 
of' gravity (stable) but that f'or thettind.em configuration the. aerody­
namic center was'.'cO.09mean aerodynamic chord f'orward of' the. center of . 
gravity of' thecombinat10n (un.atable).The elevator effectiveness ot 
the bomber was reduced approximately' 50 percent by addit.1onof, the 

. fighter. sam.ei . tecent f'li'ght tests Ina4.e in the free..:..f'light tunnel with 
models -simulating the proposed configu:ration .indicate that the reduc­
tion in stability may be minimized by'incorporating ahinge~ coupling 
permitting freedom in pitch. -

INTRODUCTION 

At the request of the Air Materiel C~ an investigation was 
:ma.cte in the Langley free-flight tunnel- to determine the static longi­
tudinal stability and. control characteristics of models cQupied together 
in a t.andem configuration proposed by All American Airways, Inc., f'or 

. '. -~ , . ," 
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aerial refueling. Thia configuration consists o~ a ~ighter coupled rig­
idly behind a bomber with the nose o~ the ~ighter inserted in a conical 
receptac1.e bUilt intO the rear . section o~ the bomber fuselage. Force 

1 
tests were made using 2o-scale models of the B-e9 and. F-80 airplanes to 

determine the effects of coupling the ~ighter to the bomber. Because 
difficultyhaa been experienced in estimating the downwaah correction 
factors to be used in theoretical calculations o~ the longitudinal sta­
b~lity for'this type ofconfigurati.on" the downwaah factors were computed 
fram. the data obtained in the force tests. . 
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weight" pounds 

wing area" square ~eet 

wing mean aer~cchord" ~eet 

wingspan" .feet 

tail length" distance·, :rram>genter of gravity to quarter reot­
. ·.chord stationo~ horizont'iil tail" feet 

,I:";.' . 

distance from center of gravity of the bomber alone. to center 
of gravity of thebomber-:f'ighter combination" feet 

distance from center of gravity of the bomber-fighter combi~ 
nation to center of gravity of fighter:, feet 

airspeed" feet per. second 

air ,density" slugs per CU1:>1:c.' foot 

dynamic pressure" pounds per square foot" (~y2) 

angle of attack of reference axiS" 'degrees 

downwash angle" degrees 

angle of elevator deflection" positive downward,,-degrees . 
lift coefficient (Lift/qS) 

c 
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. CIDa. 

pitchin8-moment coefficient (Pitching moment/qS'C) 

"nI.',,:; '-'--:. _:-:,!,-, . .4' .,,' -

rate of' change of lift coefficient with angle of attack, per 
degree (oCL/o~) . 

rate of change of pitchi~oment coefficient with angle of 
att~ck, per degree (oCm/o~) 

3 

. elevator effectiveness, rate of change of pitchi~oment 
.• cO~f~:cient with elevator., deflection, per degree (oCm/oBe) . 

rate of change of downwash ang1e with angle of attack, per 
degree 

Subscripts' 

b . bomber, B-29 

f'figliter, F~O 

w wing 

." 

t horizorit8J. tail . 

The investigation waB!.ma.d.e in the NACA free-:t'1ight tunne1 which is 
described in' references . .1 and. 2.; , 

. , . A, tm-ee-'View drawingot th~ mode1s used 1r;t .the 1nve8tig~tiollis . 
show.nin figure 1 and. the physical characteristics are\1isted in ,table I. 

. The weights of the full-ecB.le· airplanes were assumed to be 120,000 and. 
..12,000 pounds for the bomber arid fighter, respectively~·:' The center of 

gravity of each mode1 was. ass1lll1Bd to be loc,ated at 0.26 mean aerOdynamic 
chord and. the resulting centerof.·gravity of the combination waS at 
0'.14 mean aerodJnam1c chord of the bomber~' The F-80 model f'epreaented 
approxi.nultely a scale mode1 of a prototype of the F~: airplane~ 

~",' " .' .' . 
~~::;'~~~~~~ .~ __ ~ . .;.r",,-~~~""'~~"~·4~ ~ ..• :~ -,. ' .... _~..:" 
:..-:.: . 
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FOBCE T.ESl'S 

l'he lift, drag, and pitching moment of the B-e9 mode~ with horizontal 
tail on and off I of the F-80 model alone, and of the combination were 
measured through an angle-of-e.ttack range of -eo to 80

• Elevator contro~ 
effectiveness of the B-e9 was measured for both the coupled and uncoup~ed 
coild.itibns. Elevator settings of ±50 were used. All the coefficients 
for the coup~ed condition were based on the wing area and mean aerody-, 
namic chord of the B-e9 ,and the center of gravity of the combination. 

CALCULA'l'IONS 

The' down wash factor for each surface was calculated by comparing the 
, pitchi~oment coefficient about the airplane center of gravity produc~d 

by the surface wh1~e in the downwash fie~d with the pitchi~nt coef­
ficient produced by the SaJlll3 surface when isolated from the dow:wash 
fie~d. 

The ,dowD.wash factor (1- ~)Wb'fi.t the taii of the bomber due to 

the bomber wlngwas,calc1llated from the forcMest data for the bomber 
al6neby the foi~dwingequation: 

, , 

, , ' ClIIa. - ClIIa. 
(~ _ dE) .,.,'~~ _ tail on , tail 

, do. wb\, , 7. (~t), 
Cr...." --

, .~a11,~, "~~" ' 
. ; rYi;·'~. 

where d" ,', ',.' and C ':'\ /, " are ba13ed6n the~ng Etrea of the 
~ail on ,'ail off',' 

off 

bomber. The' terIn., CL ',is thEl,lift-curveslope for the tai,lwhen 
• " " Octail 

not in the downwash field of the wing and is based on the tail area. 

r 
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,.~_,:~e total downwash factor ,(l-,~~)wtb,c_~~ueto~~~,bom~er,Wing,~ 
tail on the fighter was calculated from the f'orce-test data by the 
following approximate equation: ' 

where C .' 
Illa.bf 

is based on wing area and mean aerodynamic chord of the 

~~tbomber, and the center of gravity of the combination. 
;~1 
~~~ .. ;.~.;.'~,.. . . h To determine the contrtibhutiton

h 
Of

d 
the bomber tail to the total down-

~,. ' was factor it was assumed at e, ownvash due to the bomber wing was 
,ii,e • thes8lDe. "at the fighter wing. as at the bomber tail. Therefore: .. '. 4~ru ~ .. 
U1~" 
(.';" 

~ - ~~tb 

The error in this assumption is believed to be negligible since the 
distance between the fighter wing and the bomber tail is small and there 

is probably only a',small gradient of (l- &1&..). in that distance. 
, , . .:" da. vb 

.. --

'. ' 

RESULTS :AND DISCUSSION 

, The data obtained from the force test,s are given in figures 2 and 3, 
and ,the aerodynamic parameters measured from these data and thecalcu­
lated downwash factors are listed in table II. Drag and pi tchirtg-moment 
data for· the F-80 model were unreliable due to the smallslze of the 

=~<""i"';"~"'~""'matg:t'''-~a:';lb'li''-tii:ffueJ:',cBpeed'"and ·therefor-e',· are,.".riot preseIl.ted~.~'-<'The ··force ' 
- tests showed that for the bomber alone the aero~amiccenter was 

0.21 mean aerodynamic chord behind the center of gravity (atable) 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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(unstable). This reduction in stability produced by addition of the 
fighter to the bomber resulted from a 0.48 mean-aerodynamic--chord rear­

'warci"shlft-6f 'thecehter'6f gr'avityanda 0.18 mean-aerodynaniic-chord 
rearward 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 el~vator in changing the dow.nwash 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 gr'avity on the elevator effectiveness was small be,cause the effective 
tail length was decreased only slightly by this shift.' 

'" 
Same flight tests have recently been conducted in the free-flight 

tunnel using mOdels simulating the proposed., tandem configuration. The 
resUlts of these tests (unpublished) indicated that :for any center-of­
gr'avity location the' longitudinal stability was improved by changing 
from the rigid coupling to one freely hinged in pitch. In fact, for 
any given center-of-gtavity location, the stability 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 
vas enco~tered over a fairly large range of center-of-gravity locatiops 
for which the bomber alone was stable. It appears therefore that the 
reduction in stability produced,by the addition of the fighter to the 
bomber ~ be minimized. by incorporating a hinged coupling permitting 
freedom in pitch. ' 

CONCLUSIONS 

The results of the investigation of the longitudinal stability of 
the tande:m-,coupled. b6inbe~:f.ighter airplane configuration proposed by' 
All American Airways, Inc'.; showeCithat for the bomber alone the aero­
dyn8Il1ic center was·0.21, mean aerody'namic,'-chord behind. the, center ,of 

, gravity (stable) but that for the tandem conf'lguration the a.erodynamic 
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 
rece:nt flight testa made :in thefree-:tiight tunnel with models simulating 

.. ' .... 
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the proposed configuration ind~cate that the reduction in stability ~ 
....... ,. J>.e.m;inilnized. by incorporating a hinged coupling permitting freedom in pitch. .' ". .... '.' .. ' . 

Langley Aeronautical Laboratory 
-National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. ~. 

~~~.~ 
, 

DOnald E. Hewes 
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Approved: ~a.~~ 
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TABLE I 

Distance betweep ~.g. ofB-29 and F-80 
when coupled,,'ft •••••••••• 

, Distance of e.g. of coupled configuration 
rearward of c. g ~ .. of B-29 " ft. • •• • 

. . . . . 

'Wing area" ',sqft ,:," • • '~ • • •• • '. • .. • " ',' 4.35 
7.07 

.64 
26.0 

•••• 15.00 
2.44 

" Spa:n, ~t·. ~ • ,e , ••.••• , • • ••••• 

Mean aerod:yna.inic chord" ft' .. ." • .". • • .'., • .'. 
Center-of-gravity location, percent M.A.C.· 
Gross weight, Ib'. '... • '. " • • • • • • 
Horizontal-tail length" ft • • • • 
Horizontal-tai~ area"sq ft •• • • .0.83 

.... "';t'. '~.,' • ; _fli. ','. " .~.: . ,,',-,--' 

0.59 
1.95 

.34 
26.0 
1.50 
0.73 

0.~05' 
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.TABLE II 

AERODYNAMIC PARAMETERS OBT.AINED FROM FORCE TESTS OF THE B-e9 AND F-80 

rA value of CL of 0.072 for the bomber tail L a.t · 

was estimated from data of reference 3J 

CLa. 
'c' Cm dCm C 

Configuration. m 
otail . Cltail - . moe off on dCL 

~9 0.113 0.010 -0.026 -0.21 -0.022 

F-BO .089 ----- ------ ----- ------

Coupled B-Q9 
and F-80 .121 ----- .010 .09 -.009 

CALCUIATED DO'WNWASH FACTORS 

(1- ~~Wb = 0.69 (bomber wing on tail) 

, (1 - dde). == 0.32. (bomber wing and tail· on :fighter Wing) 
. . . a. wtb 

. ~ - :;)tb" 0.46 (bODlb<>rtafl0n :fighte,. wing) 

. "O"~~NA"""""CA:----;? 

'. '.~! - ' 
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4.2 

I· 
== 

J-I.-----htri=f'---_ 
2.7 

6:7 
i---25.7--1-''-t-I------l 

Figure .1.- Three-view drawing of the 2:.-scal e B-29 and F-80 models used 
20 

for the investigation of the tandem-coupled bomber-fighter airplane 
configuration proposed by All American Airways) Inc. 
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Fi/!,ure 2.- Force test data for the B-29 and F-Bo models alone and for the 
coupled configuration. Be '= 00 • '<.":; , 
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