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NATIONAL ADVISORY CO~MITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

for t.he 

B'J.reau of Aeronautics, Navy Department 

EFFECT OF AN AUXILI..IffiY BELLY FUEL TANK ON TBE LOv.!-

SPEED STATIC S'rABILI'.ry CHABJI.CTERISTICS OF A 1/5 -SCALE 

MODEL OF THE GRUMNAN XF8F -1 AIRPLP.NE 

TED NO. NACA 2384 

By Charles B. Cook 

SUMMARY 

In order to ~etermine the aerodymanic effects of an auxiliary 
belly fuel tan..'1{ on the Gru:mman F8F-l airplane, a wind-tunnel im"esti
gation was made on a 1/5-scal e model of the GruIl'iInan XF8F-l airplane. 
Pi tch and ~raw tests were made w2 th the model in the cruising and 
lending configurations for windm:Uling and take-off :9mver cono.i
tions. Tuft studies and static-pressure measurements "Tere also 
made to determine the flmv characteristics in the region cf the 
fuel tank. 

It v)8S found that, at l ow s peed , the auxiliary fuel tank 
slightl~' iIll:"proved the static longitudinal stability in most of the 
tr-:st conditions, especially "nth power on in t he landing configura
tion at. high lift coefficients . The static directional stability 
was decreased for most test condi tions, but the addition of a 
fairing betvieen the fuse la e and fuel tank improved the directJ.onal 
stabili ty slightly in the pOvTer-on clean condition. The effective 
dihedral and lateral force were increased for most of the conditions 
tested. The tuft studies and pressure measurements indicated that 
the l'emoval of the sway braces would improve t he flow character
istics considerably in the region of the fuel tank and might also 
decrea se the buffeting of the b elly tank at hi&~ speeds. 
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2 CONFIDENTIAL NACA RM No . L6H21 

:m:r:;ODUCTION 

At the request of tht) Bureau of Aeronautics, wind- tunnel tests 
wore made to determine ·the effect of an external belly tank on the 
stat5.c stability characteristics of a 1/5-Dcale model of the 
Grumman XF8F-l airplane. 

The need for increasing the r~nBe of the pres~nt-day airplane 
has necessitated carrying a portion of tho LlOl in auxiliary t anks 
installed on tl;.e exterior of the airplane . Ouch installations, 
in some cases , have had dotr:imental effects on the flying qualities 
of the airplane . 

This paper presents the results of lov- speod static longi
tudinal and laterGl stability tests, fuel-talik pressure -distribution 
measurements and tuft studies to obtain the effect of a 
universal external belly t ank and belly-tm:k fOiri113 on the sta
bility charactoristics of a 1/5-scalo model of t,l G C-rurmnan XFBF - l 
airplane . 

The results of the tests aro pres~nted as standard NACA coef
ficients of forces and moments. Rollinc-, ymlinC-, and pi tching
moment coefficients are given about the centor- of - cravity location 
sho"WIl in fibrure 1 ( 24.61~ percent of the mec:n aerodynami c chord). 
The data ere referred to the stability axes, ",hich ere a system of 
axes having their origin at the center of gr avity and in which the 
Z-axis is in the plane of symmetry and perpendicular to the relative 
... rind, the X-axis is in the plane of symmetry and perpendicular to 
the Z-axis ; and the Y-axis is perpendicular to the plane of s~~aetry . 
The positive directions of the stability axes, of angular displace 
ments of the atrplane and control surfaces are shown in fj.gure 2 . 

The coefficients and symbols are defined as follovTs : 

CL lift coefficie~t (Lift/qS) 

Cx longitudinal-force coefficient (X/q3) 

Cy l ateral-force coefficient (Y/qS) 

C~ rolling-moment coefficient (L/qSb) 
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NACA RM No. L6H2l CONFIDENTI..AL 3 

em pitching-moment coeffic1ent (M!qSc') 

Cn Yl?lwing-moment coefficient (N!qSb) 

Tc f Bff0ctive thrust coefficient based on \·rlnG area (TeffjqS) 

Lift = -z 

YXzJ - forces along axes, pound.s 

;
L } moments about axes, pOll.l1d-feet 

Teff propeller effectj,ve thrust, pounds 

( 

V2\ 
free-stream dynamic pressure, pOll.l1d.s per square foot p 2 ) 

~s slipstream dynamic pressure, pounds per square foot 

p static pressure at survey station 

P free .. stream static pressure o 

S wing area (9.76 sq ft on model) 

St horizontal tail area (2,06 sq ft on model) 

c: wing mean aerodynamic chord (H.A,C,) (1, 460 ft on model) 

b iving span (7,10 ft on model) 

V air velocity, feet per second 

D propeller a.iameter (2.52 ft on model) 

and 

p mass donsity of air, slugs per cubic foot 

~ angle of attack of thrust line, decreos 
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angle of ya,ol, deGrees 

angle of stabilizer .. lith respect to thrust line, degrees; 
positive vllen tr3.iling edge is dOviD 

angle of fin i-lith respect to thrust line, desrees; positive 
when nose of fin moves to ri~lt (_20 on model) 

control-surface deflection, de grees 

propeller blade angle a t 0 .75 raclius (200 on model) 

tail-off aerodynamic-center location, percent Ioling mean 
aeroc..ynamic chord 

neut.ral-point location, percont "rins lUoan aerodynamic chord. 
(center -of-gravity location for neutral st3bility in 
trimmed fli gilt) 

Subscripts : 

e elevator 

r rudder 

f flap 

denotes partial 0.eri veti ves of a coefficient ,.;i th respect 

/ cC ) 
to yaw \eJr.amPle : C~\j.r = cl-

MODEL jllID APPARP,TUS 

The model was an old nodel of the Grumman XFBF - l airplane on 
which previous tests had been rlUl . A three -view drmdng of the 
model ,·lith the belly t !:mk installed is given in figure 1, and 
figure 3 shows the model installed in the tunnel . A more complete 
description of the model can be fo~~d in references 1 and 2 . 

The belly tank waG a 1/5-scale model of the "Universalll 

150 gallon tank that is used on numerous other airplanes, and waG 
a synunetrical strearuine body with a length of 26.40 inches and a 
D"..3ximum di8.1ll.eter of 4.73 inches . The fairins betioleell the belly 
tank and fuselage \,3S a symmetrical airfoil section with a maximum 
thickness of 16 . 4 percent of the chord at the 38.4 p~rcent chord 
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point based on an average chord of 14.6 inches . The Sv18Y braces 
"rere made from l/l~-inch-t'i,.lD~eter t·llbing . .0etails of the belly tank 
and suay braces are sho~m on fj gure 4 . Figure 5 shous the belly
t cmk fairing installat.iOl:' . 

The flo,,, in the refjion of tile belly tank VIas observed by means 
of tufts placad around the entire be~ly tank and on tho underside 
of the fuselage. For the belly tank ,'Iith fairing tests} tui'ts were 
alno placed over the entire fairing. 

rr:'18 pressure surve~r on the belly t2nk end on tho underside of 
the fuselage in the vicinity of the belly tank WeS obta.ined by the 
use of O.035-i?J.ch-c.imneter static-pr0ssure tubes placed approximately 
ono tube diameter mvay from and parallel to the svrface . Onl~; one 
station (distance from noso of tank) "'as surveyed at a timo efter 
;'7hicb. all the tubes Vlore moved back to tho next station . Tho loca 
tion of the static-pressuro tubos is shown in fi3UJ.'o 6 . 

All t03tS were made with propeller installed, 'che pOvler being 
obtained from a 56-hoJ'sepmwr electric motor} the speod of vlhj.ch 
vl8s dutormined from an electric tachometer the accuracy of which is 
within ±0 . 2 percent . 

The modal '~ras tested in tho Langley 7 - by 10-foot tunnel. 
The model configurations roferrod to in tho tort and in tho fiGures 
were as follows: 

(a) CruiSing configuration 

Flaps retracted 
I,and.ing gear retra cted 
LandinG-gear door closed 

(b) Landing configuration 

Flaps deflected 40° 
Landing gear extended 
Landing-gear uoor open 

No restriction ws placed upon the flo,,, of air from the .-ling 
inlet ducts through the exit OPenings for all the stability tests . 
For the pressure-survey tests the flow of nir from the ~dng inlet 
ducts vTaS sealed off at -the oil-cooler exit openings to make the 
test results more gener al . Because of time limitations no pressure 
survey tests ",ere run with the flm" of air from the wing inlet 
ducts unsealed at the oil cooler. 
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TESTS AND RESULTS 

Tost Conditions 

The tests i~re ~de at dynamic pTeasures of 6. 39, 9 .21, 
and 16 . 37 pouncts :per squa:;.~e foo>c, which correspond to airspeeds of 
about 50, 60, and 80 IDlles per hour. The test ReJ~olds ntunbers 
.... rere about 680}000, 820,000, end 1,090: 000 based on the ,.;ring mean 
aerodynarr.ic chord of 1. t~6 feet . Becau3e of the t1U'bulence factor 
of 1 . 6 for the tunnel the effective Reynolds numbers ( for maximum 
lift coefficients) we~e about 1,090, 000, 1,310,000, and 1,750,000. 

Corrections 

Because of the presence of the belly tank> the mod.el > "Tas 
tested in an inverted position . None of the data have been 
corrected for tares caused by the model supp::>rt strvt . Jet 
boundary corrections have onl~r been applied to the angles of attack 
Elnd the dra g coefficients . The following correction were added to 
the test data : 

"There 

6a = 57 .3 5 ~ CL (degrees) we 

S 2 
t:Cx = -5 - CL \·r C 

5w jet-boundary correction factor et the wing (0 .115) 

C tunnel cross-sectional area (69 .59 sq ft) 

Test Procedure 

T:':1e model -was equipped ,·rr th a propeller havinG three blades 
instead of four as on the full - scale airplano . A complete descrip
tion of the propeller plan form, propeller calibration, and the 
variation of effective thrust coefficient with lift coefficient can 
be found in reference 1 . 
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The lonsi tudinal-stabilLJy data presented herein ivere obtained 
throughout the pitch rcmge i.,ith tail off a:i!d I·d th t-,TO st3bilizer 
settings for each of the tim model configLU"8tions. 

Lateral-stability derivatives vrore obtained fram pitch tests 
at angles of yaw of ±5° by assuming a straight - line variation 
between these points. The large-symbol points on the plots of 
lateral-stability derivatives imre obtained by measuring slopes 
throuGh zero ymT from yaiv tests. 

At each angle of attack for povTer-on yay! tests the propeller 
speed vlaS held consta:lt throughout the ya", range . Since the lift 
and. thrust coefficients vary "lith yay! when the propeller speed 
and angle of attack ore held constant, the thrust coefficient is 
strictly correct only at zero yaw. 

All the tuft tests 1'101'0 made in tho cruising configura tion 
at an anslo of attack correspondin5 to en airplane lift coeffi 
cient of 0 . 250. 

Tho pressure tests on the belly tank i'lOre made in the crUlslng 
configuration for a take-off power conclition. The pressure testa 
"Tere made with tho bolly-tan..k sv18Y braces off at lift coefficients 
of 0 . 250, 0 . 365, 0.450) and ane;les of yml of 00 and ±5°. Tho 
pressure tests wl th the sway braces on WGre made at a lift coef
ficiont of 0.250 and at zero ya,v. Upon completion of the prossuro 
tests the data obtained from tube No . 5 appeared to be err tic and 
unreliable and consequently are not presented in the report . 

All the tests ,.,ere made with the model inverted and since no 
tares were applied the data are valid only insofar as increments 
are concerned . The Sign:! of all coefficients and angles are 
presented so that the data may. be applied to the airplane in the 
usual sense. (See fig. 2.) 

All the stability testa were run in pairs, one with the belly 
tank installed and one with the belly tank removed. The ailorons, 
rudder, and elevators were sot at 0° for all tosts . 

Presontation of Rosults 

An outline of tho figures presenting tho results is givon 
as follows : 
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I. LongituQinal stability 
A. StabiliZer te,::!.:s, elevator 0 0 

••••••• 

B. Increrr!ent in neu.tral po:i.nt and aerodynamic 
center causP-Q hy belly tank . . • . • . • 

II. Lateral stability 
A. ParalJ;.eters 

1. Effect of belly tank and belly-tank 

7 

8 

fa1rin , cruising configuration .. . . 
2 . Effect of belly tank, landins confi5uration 

9 
. . 10 

III . Pressure survey 
A. Effect of sway braces, lift coefficient 

and angle of ya1ii . • • • • • • • • . • • • • • • • • 12 

DISCUSSION 

LongitudinBl Stability 

The effect of the belly tank on the static longitudinal sta
bility of the model, "lith "linCi.milling propeller or take - off pc"rer 
is to increase tho longitudinal stability a slieht amount for the 
cruising configuration ( fie; . 8). For the Inndine confi guration the 
effect of the belly tonk is to deereDse sliGhtly the longitudinal 
stabili ty at 10i'T lift coefficients :md to incre'3se sli&l1tly the 
longitudinal stability at high lift coefficients . 

The increment in aerodynamic - center 10cDtion OIdng to t he 
bell;r t ank (fiG . 8) indicates that the tenk causes little change 
in tho air flow' at the horizontal tail surfaces . 

I t should be noted that the pitchinc-moment coefficients have 
beon referred to the tan}~-off center- of-gravity location in order 
to obtain the aerodynamic effect of the tank . Tho tests indicated 
that the fuel tank ",auld not chanse the neutral-point location 
more then 3 percent of the mean Derodynamic chord in either a 
f orward or rearward direction . The presence of a full belly tank 
will shift tho neutral-point location ,.nth tako -off pOvler rearvrard 
approy.imatoly 3 percent of the mean aerodynamic chord . This is 
based on calculations tnking into account tho thrust of t ho pro 
peller and tho vortical shift of tho contor -of-gravity location 
causoQ by tho full bolly tank . 

CONFIDENTIAL 
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Lateral Stability 

The effect of an external belly tank and belly-tank fairing 
on the latl?ral-stability p::>.rB.Dleter'3 :ts given in fi~.res 9 and 10 
and_ SUllTIlElrized i::1 table 1. The te.nt;:-off sta-bility parameters C'l\!I' 

r 

Cr~r' and. Cl\jJ presentod in table I were taken from reference 2 

where the jet-bov.r.dary and. ta:re corrections vl(ore applled to the 
data and the tail sw:'faces inotalled on the model . The increments 
in the lateral stability :parameters re;:Hll;;in3 from the belly -tank 
and. belly-tank fairing presented. in this table 'Hore obtained from 
present test data with the tail surfaGcs l'o:!l1oYod. Tho ei'fect of 
removinG the tail surfaces, at small angl.os of y8W) on the incre
mental values of Cy) en, and C7, caused by tho bolly tank are 
negligible (fig. 11) . Thul3 tl:e total lateral-stability parameters 
obtained by ac.o.ing the tail-on .-parameters (from roferonce 2) to the 
tail-off increments reoultin6 from the belly tQI~ and -belly-tanlr 
fairinB are justified. 

Directional stability. - The data Fl th windmillin,J propeller 
show thnt the belly tank produc0d a positive increment in Cn\jJ at 

hj_gh lift coefficients reducing to zero at low lift coefficients for 
the cruising cOlcfiguration (fig. 9(a)) and higher positive incre
ments in Cn\jJ for the landing config-n:ration (fig. 10(8)) . The 
addHion of the belly-tank fairing had no ei'fect on Cn\jJ with the 

model in the cru:i.sing configuration (the only configur£ltion '\ihich 
the belly- tank fairing was tested) with windrn.illine; propeller 
(:fiB. 9(a)). 

The data wHh take - off power indicate tl:at tho belly tank had 
no appreciable effect on Cn I ,nth the model in the landing con
figuration (fig . 10(b)); hmld\rer, in the cruising configuration 
the belly tank caused a slig..l1t posi ti ve inc:-cement in Cn~f at 
101-1 lift coefficiel).ts and ~ncreasing more "positively at higher 
lift coeffiCients ,fig. 10~ b)). The ad.di tlon of tho belly-tank 
fairing improved the directional stability of tho model for the 
crUising configuration and take-off pOlfer condition (fig. 10(b)). 

Effective dihedral.- The effective dihodral (Cl~ = 0 .0002 is 

approximately equivalent to 1 0 effective dihedral) ,I3S increasod 
about 3/1!-0 by the addition of the belly tank for both the cruising 
and 13nding configurations in the \nn0~illing condition (fi8S . 9 ( 8 ) 
and 10(a)) . (rhe addition of tho fairing increased the offective 
dihedral even more at hiGh lift coofficients in the cruising con
figuration ( the only coilfif,'lll"otion in which tho fairing vas teGted) 
and 'WindInilling condition (fig. 9(a)) . The probable reason for the 
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increase in effective djhed~al is that the belly tank and fairing 
inc':'eases the depth of i,h13 f-..:sela ge or effectively raises the wIng 
position. It is i·mll know:J. that raising the wIng will result in 
inCl'ea.'3ed effecti ve dihea.:.~al (refercnce 3). 

The b0lly tank had no aDpr3ciablc effect on C 1~ with the 

model in the landing conf::'guration with take-·off power (fj.g . 10(b)) . 
In the cru:i sing configuration with take-off power the belly tank 
decreased the effectiv~ dihedral. No logi.cal roason can be given 
foJ:' this dec'l:,oase in effective cU.hedral except that it might 'bo due 
to sarno advorse flm" condition rcsuJ.ting from tho slipstream. Tho 
addition of the belly-tank fairing ir.. tho cruising configuration 
"nth take-off pover increased tho effective dihodrn1 . 

~at~raU..2!:.ce . - The belly tank produced a posi ti vo increase 
in the 1at5Tal-force paramet~r for nll the conditions tested 
(fi gs . 9, 10, and 11) . Tho reason ror this increaGe in the lateral
force parameter i.s salfevident in that "rl th an incre:Jse in side 
area w01.11d be eJglocted to increase the l:lteral force. The addition 
of the fairing d:Ld not affect the lateral-force parameter . 

Air -Flow Studies 

Tuft tests i·rlth taIlk' fairing and svray braces on and propeller 
wlndmilling indicated turbulent flow in tho region from the mid
point of the belly-tank fairing to tho cnd of the fairing while tho 
region fro:cJ. tho midpoint of the fairing to the nose of tho fairing 
slightly turbulent flow was ind.icated . Tho flov 'Yl::1S l.msteady on 
tho belly tank in the region botw·oon tho centor line of the t'3.nk 
and. odgo of the bolly-tank fo.iring. The tako-off pow'or condl t ion 
showed a slight improvement in the air flow. 

The windmilling condition with the belly-t2nk fairing removed 
disclosed that the region of the belly tank and fuselage aft of the 
rear sway braces .~s in a turbulent flow condition. ~his turbulent 
flo,;" condition accompanied by b1.lffeting of the fuel tank was also 
obtained in some unpublj,shed NACA flight tuft tests of an F8F air 
plane "nth a similar installation . The air flow' on the s ides of 
the belly tenk including tbe area botween the belly-tank centel~ 
lino and the rear sway brace to the end of the tank was in a 
slightly turbulent flow condition . Applying tal;:e-off pm-reI' had a 
slight improving effect on the air-flow characteristics . 

For tho windmilline condition "d th the fairinc; on and sway 
braces removed the tufts in the region from the mid.point of tho 
fairing to the end of the fairing indicatod 8 slightly turbulent 

CONFIDENTIAL 



NACA RM No. L6H21 COl\l]'IDENTIAL 11 

flol' condition. Application of take-off power did not change the 
flow characteristics . 

The tuft tests with the belly- tank fairing removed and the 
s"\vay braces removed indicated a smooth flow concli tion on the belly 
tank and in. the region bet·ween the belly tank and. the u-T1.dersicle of 
the fuselaGe . 

It shO"LUcl be notecl that the tests were made at low values of 
Reynolcls number ancl Hach number . Some of the aclverse flow caused 
by tho sway braces coulCl. probably bo avoh'.ed by using stl~ea1ll1ine 
rather than round sections in the Svl3Y traces. This in ttu'n might 
also reduce some of the buffetin8 of the belly tank . 

Pre8sUl~e Distribut5.on 

The results of the ~ress1ll~G-distribution survey are presented 
in figJ1.'e 12 o.s pressure coeffic:i.ent plotted against the orifice 
location for various lift coefficients Dntl angles of ;raw with the 
belly-tank SW3.y braces installed and removed. 

From the knovm. local low·-speed pressure coefficients given 
in figure 12 the flight M'Jch number at i~hich local sonic speed Idll 
be reached on the belly tank can bo ostimatecl by moans OJ. tho 
von Ka·rmBn-Tsien method presented in rofore!lce 4. Strictly speaking 
those curves sh01J~d not be used for estimating tho cr~.tical Nach 
number because the pressure coefficient is based on a free-stream 
dynamic pressure rat .. er than a slipstream dynamic pressure in which 
the tank "WaS located. By using free-stream ctyn.amic pressuro instead 
of slipstream dyn3mic pressure an increase of about 5 percent is 
obtained in calculating the pressure coefficient, 1~lich in turn 
gives n correspondine; decrease 1:1. the critical Jlfach nt'm.ber in the 
order- of 5 percent . For convenience L'1 converting the free-stream 
pressure coefficient to slipstream pressure ceefficient the ratio 
of slipstream dynamic presslrre to free-stre~ dynamic pressure is 
given on figure 12. The ratio of slipstream dynamic pressure to 
free-stream dynamic pressure was based on readings from a total-head 
tube placed at the nose of the tank. It is felt ~~th the nlnnber of 
statio!ls at which the static pressure "Tas meas"Lrred anel the fairing 
of the curves that the use of the curves presented ir.L figure 12 
is justified in predicting approximate critical speeds . 

'1.'ho greatest effect of removing the sway braces] shown in 
figure 12( c)) was to decrease the press"LITe coefficient from -1 . 13 
to -0.09, corres:f,onding to an increase in the critical Mach number 
from 0.57 to 0.89 . The critical Mach number of 0.57 obtained from 
the low-speed pressure meaS"LITcments agrees surprisingly woll with the 
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1-1ach number of 0 . 59 obtained. from NACA flight tests in which 
tm'bulent flow and violent buf'feting ivere encountered. Tt shotlld be 
pointed out that th1s co:~relati on might be fortuitous since cri tical
speed estimationa D1Qrle from low-speed dat.a by use of reference 4 
for bodies havinG h:tgh sh:up prOSSltre peaks, as vloS the caso when 
the SWdY braces I-ie::co i llstellcd, may be greatly in error. The stoep 
adverse pressure grac.:i.ent which occurs after tho high peak may cause 
boundary-layer separation before the critIcal Mach number io reached, 
which is in6.icated in this case by tho tui't EltudioD . 

Tho cri Mcul 11a ch number cst:i..mation from tho data I'r.i. th s 'Hay 
bruces removed. should be less fortuitous since the pressure survey 
indicated 1m. b:r.oad pressure peaks and smooth flow is indicated 
from tho tuft tests. 

CONCLU3IONS 

The results of low- speed wind- tullllGl tests to dotermine the 
effect of an auxiliary b l)lly fuel tank on tho stability character
istics of a 1/5- scalo model of the Grt~n XFSF-l c irplane indicate 
the following conclusions: 

1 . For a fixed center- of-gravity location the belly tank 
slic):1tly increased the longitudinal stability of the model ivith 
iV'indmilling and talce - off pOi'mr for the cruising confiGuration . The 
lonGitudinal stability vms decreased sli[~tly at low lift coeffi
cients and increased at high lift coefficients vii th the belly tank 
installed and the model in the landing configuration for both i-rlnd
milling and talce-off pOvler conditions. 

2 . The directional stability was decreased by installinc the 
belly tanle for both cruising and landing configurations with the 
propeller vlindmilling. The belly tank had no appreciable effect 
on the directional stability in the lGnding coni'icuration and 
take - off' pover condition; but in the cruising configuration the 
directional stability vms decreased nt hi~~ lift coefficients . 

3. The addition of the belly- tank fairing improved the direc 
tional stability for the power-on clean condition8 . 

!~ . The effectlve dihodral of the model was increasod by the 
belly tank and bolly-taIL~ f airing in all conditions testod oxcept 
the talce-off p01rer condition vr.i. th tho moo.el in tho cruising con
figuration . 
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5. The lateral force vms increased with u1e belly tallk on 
the model for all test conc.itions. 

13 

6. The tuft st'.ldies inclicated that the presence of the sway 
braces caused turbulent flow' conditions, the addition of a relatively 
thick fairing between the fuselaGe and belly tank caused little 
improvement in the flm?, and the application of take-off pOirer 
caused a sli[Sht iIq)rovement in the flm-,. 

7. The svmy braces caused high sharp poaks in t he pressure 
distribution ar01.md the t ank. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I 
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EFFECT OF BELLY TANK AND BELLY-TANK FAIRING ON THE 

Tail-on dataa 

Configuration Power Or, CY'jr 

Cruising "lindl!l111ing 0.3 0.0079 

Cruising "lindmi11ing 1.0 .0075 

Cruising Take-off power .3 .0087 

Cruising Take-off power 1.0 .0117 

Landing Windm111ing .6 .0159 

Landing Windm111ing 1.5 .0152 

Landing Take-off power .6 .0197 

Landing Take-off power 1.5 .0279 

~ta fram reference 2. 

bIncrement due to addition of belly tank. 

cIncrement due to addition of fairing. 

Tank off 

C
nlY C1'ljr 

0.00087 0.00119 

-.00085 .00141~ 

-.00110 .00080 

- .00149 .00100 

-.00122 .00130 

-.00130 .00120 

-.00160 .001 30 

- . 00248 -.00025 

LATERfU.. ST ABn.ITY PARAMETERS 

Tail-off data 

Tank onb Fairing onc 

tCY'Vj 6Cn 1jr 6C1'll /Y]Y\lf /Y]n1jr /Y]lW 

0.00190 0 0.00010 0 0 0.00010 

.00100 .00015 .00013 0 0 . 00028 

.00015 .00020 0 0 -.00009 .00010 

.00022 .000~5 -.00015 0 -.00030 .00020 

.00200 0 .00017 ---- ------- -------

.00120 .00028 .00019 ---- ------- ---..... -

.00160 0 0 ---- -------- --- ... _--

.00340 0 0 ---- ------ -------

CONFIDENTIAL 

• •• ••• ••••• •••• •• 

Tail-on data + tail-off data 

Tank offa + tank onb Tank ofra + tank en b 
+ fairing onc 

CY'if en'll CI 1jr Cy,¥ 

0.00980 -0.00087 0,00129 0.00980 

.00850 -,00070 .001'57 .00850 

.00885 -.00090 .00080 .00885 

.01192 - .00104 .00085 .01192 

.01790 -.00122 .00147 -------

.01640 -.00102 .00139 -------

.02130 - .00160 .001 30 ----- --

.03130 -.00248 - .00025 - .. -----

--

NATIONAL ADVISORY 
COMMI'l'Tl!:E FOR AERONAUrrCS 

Cn'll CI 1jr 

-0.00087 1:>.00139 

- .00070 .00185 

- .00099 .00090 

-,00134 .00105 

----- .. -- -------

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

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

-------- -------
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o 
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FIGlJRE LEGENDS 

Figure 1. - Three -view drawing of 1/5 -scale model of Grumman XFBF-1. 

Figure 2.- System of axes and control-surface hinge moments and 
deflections. Positive values of forces, moments, and angles 
are indicated by arrov!S. 

1 Figure 3.- Langley 7- by lO-foot tunnel installation of - -scale 
5 

model of Grumman XFBF-l airpJane with model of l50-gallon 
universal external fuel tank. 

(a) Belly tank ana sway braces. 

Figure 3.- Concluded. 

(b) Belly tank, S1-lay braces, and fairing. 

Figure 4.- Installation details of belly tank and sway braces. 

Figure 5.- Belly-tank fairing installation. 

Figure 6.- Section looking rearward at pressure tubes on external 
belly tank and underside of fuselage on a 1/5-scale model of 
a Grumman XFBF-l airplane. 

Figure 7.- Effect of external belly tank on the aerodynamic 
characteristics in pitch of a 1/5-scale model of a Grumman XFSF-l 
airplane . 

(a) Windmilling, cruisj.ng configuration. 

Figure 7.- Continued. 

(b) Take-off power, cruising configuration. 

Figure 7.- Continued. 

(c) Windmilling, landing configuration. 

Figure 7.- Concluded. 

(d) Take-off power, landing configurat~on. 

Figure 8 . - Increment in neutral point and aerodynamic center due to 
belly tank for a 1/5-scale model of the Grumman XF8F-l airplane, 
elevator fixed and tail off. 
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FIGURE LEGENDS - Continued 

Figure 9. - Effect of ext8rn~1 belly tank and belly tank fairing on 
the -pal'amet.ers C7, 1; ' Cn I, and Cy 1 of a 1/5-scale model of a 
Grumman XFeF-l ajrplano~ tail off~ 

(a) Ill'indmilling, cruising configuration. 

Figure 9. - Conc111d.ed. 

(b ) Take-off power, cruising configuration. 

Figure 10.- Effect of external belly tank on the parameters 

C and CY,;lr of a 1/5-scale model of a Grumman XF8F-l airplane , nV' If' 
tan off. 

(a) Wjndmil1ing, landing configuration. 

Figure 10. - Concluded. 

(b) Take--off power, landing cO!1.iiguration. 

Figure 11. - Effect of external belly tank on the aerodynamic 
characteristics j.n yaw of a 1/5-scale model of a Grumman XF8F-l 
air-pJ.a.ne. 

(a) Windmillh"lg, cruising configuration, a., ~ 11.20
• 

Fjgure 11.- Continued. 

(a) Concluded. 

Figure 11. - Continued. 

(b) Take -off power, cruising configuration, a., = 2.2°. 

Figure 11. ·- Continued 

(b) Concluded. 

Figure 11. - Continued. 

(c) Take-off power , cruising configuration, - 11.00
• a., = 

Figure 11. - Continued. 

(c) Concluded. 
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FIGlJ""RE LEGEl'IDS - Continued 

Figu:ce 11. - Contirmed. 

(d) WindmilHng, landing configuration, ex, ~ 11. 70
• 

Figure 11. - Cont i nued. 

(d) Concluded. 

Figure 11. - Continued. 

(e ) Take -off power, l anding configuration, ex,~ 10 .00 • 

Figure 11. - Continued. 

(e ) Continued. 

Figure 11. - Concluded. 

(e ) Concluded . 

Figure 12. - Effect of s,·ray braces, lift coeff i cient and angle of 
yaw on the pressure coefficient on an external belly tank 
mounted on a 1/5-scale model of a Grumman XFSF -l airplane . Take 
off pOv18r (2100 hp a t 2800 r pm), cr uis tng condit ion; t ail off. 

(a) Pressure tube no . 1. 

Figure 12 . - Continued . 

(b) Pressure tube no. 2. 

Figure 12.- Continued. 

(c) Pressure tube no. 3· 

Figure 12. - Continued . 

(d) Pressure tube no. 4. 

Figure 12 . - Continued . 

(e ) Pressure tube no . 5 . 

Figure 12.- Cont i nued. 

(f) Pressure tube no . 6. 

C01'FIDENTIAL 
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FIGUR."S LEGENDS - Concluu..ed 

Figure 12.- Continued. 

(g) Pressure tube no. 7. 

Figure 12 . - Continued . 

(h) Pressur8 tube no. 8. 

Figure 12.- Continued . 

(i) Pressure tulle no. 9. 

Figure 12. - Continued . 

(j) Pressure tube no. 10. 

F1gure 12. - Continued. 

(k) Pressure tube no. ll. 

Figure 12 . - Continued . 

(1 ) Pressure tube no. 12. 

Figure 12. - Continued. 

(m) Pressure tube no. 13· 

Figure 12.- Continued . 

(n) Fressure tube no. 14. 

Figure 12. - Concluded. 

(0) Pressure tube no. 15 · 
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Figu r e 2 .- System of a xes and c ont r ol -s urface hinge moments and 
deflections . Posi t ive values of fo r ces , momen t s, and a n gles 
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(a) Belly tank and sway braces. 

Figure 3. - La n gley 7 - by l O-f oot tunnel installat io n of _l_ -scale model 
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CONFIDENTIAL 

NATIONAL ADVISORY 
COMMITTEE fDA AtAONAUTICS 

Installot'lon detq',ls of belly tank and sWClY braces. 

tank 

z 
» 
(') 

» 
:::0 
3: 

z 
o 

l' 
Q) 

::c 
N 
........ 



( 

1< 14.75 

~< 

I-< 

~ Forward 

• •• ••• • ••• •• •••• •• 

CONFIDENTIAL 

of fu se\age 

Belly-tank fairing 

5.bl ~I 

--- --
" ====----=-- " - / -4. 

position of max. 
thickness of 
fa'lring 

----------3iiI:>--+-kE----- 14.60 (I ength of a vg. chord) 

28.35 ">'1 

30.35 >-1 

NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

z 
:> 
(") 

:> 

:::0 
3: 

z 
o 

l' 
Q) 

CONFIDENTIAL 

F' igure 5.- Belly -tonk. fairing in~tallotion . 

::r: 
t\) 
I--J 



• • • • 

.. 
• • • 

• • • 
• • • • 
• •• • 

10 

NACA RM No. L6H21 

CONFIDENTIAL 

Underside of fuselage 

4 3 

BellLJ tonk 

I~ 

II' 
~ Belly tanK and fuselage 

NATIO!'{AL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 6. - Sect·lon looking rearward at 
pressure tubes on external belly 
tank and under~ide of fu~elage 
on a Ys-scale model of a 
Grummdn XF8F-\ Qirplane. 
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