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2STS OF Al ATTACK-TYPE AIRPLAIZ I THD AILS +C- BY 80-FCOT
VIUD TUIVEL TO IUPROVI THZ HIGH=SPIID LAUIZUVZRING
S

o lateTalel reAm VAT OmTAC
COUITRCL-FCRCE CHARACTTORISTICS

li. ilcCormack
SUILIARY
“And-tunnel tests were made of o twin-englne alrplane

to deternine modlfications vhich would nake the alrplane

sultatle for ground-sundort attack operations, It was

desired to reduce the high-spced elev-tor snd allcron-

control forces without either recéuecing the low—-aspeed control
forces or impalring the landilag characteristics.,

The test results indicate the follouing:

1. The desired high-spced clevator-control forces
ean be obtalned by replacing the origlnal, fabric-covered,
stralght-sided elevators -sith mctol-covercd bulged-contour
clevators incornorating a talancec tab., The low-spced
clevator control forces wlll rcmaln csscntially unehanged;
however, in order to retaln the desirable stalling char—

acteristics of the original elevator, a tab‘gearing that will
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return the tab to avpraximately neutral at high elevator
seflections is rcauired.

2. Thc desired h gh-spced aileron-control forces can be
obtained by replacing the oririnal, fabric-covcred, true-con-
tour ailcrons incorporating & 0.375:1 balance tab with metal-
covered, straight-sided, extcnded-span allcrons incorporating
a 1:1 balance tab. From 5- to 10-percent improvcment in the

low-spced flaps-dovn control will be efected bv increasing

the maxirum aileron throw from 20° up and 15° down to 22° up

and 17° dovna

% Approximately 9 miles per hour could be added to the
top spced by sealing the airplane; about 5 milcs per hour ecould
be added to the top speed by fatring the nose funs and
removing the lover-periscope deflector; when the 500-pound bomb
racks are in place, gbout 7 milcs per hour could be added to the

top specd by fairins the bowbd racks.
INTRODUCTION

The subjcct airplane is & high-performancce airplane
which has sécn cxtended scrvice in botk the Turopesan and
Facific theatres of war. Thc pasic design has proved to be
highly successful when used as & 1ight-bombardment airplane.
However, it was decsircd to cxtend the over-all usefulness
of thc airplane and to utilize it as 8 ground.-support
attack airplane. Pilots foun@ the airplanc cxceedingly

tiring to fly in this latter function where constant and violent
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mancuvers were reaulred., In the opinion of the combat
pllots, a reduction of from 25 to 50 percent in the high-
speed maneuvering elevator- and alleron-control forces
#ould be reaulred to make thc alrplane suitablc for ground-
support attack operations.

Thercforc the airplane was tcsted in the Ames [0-
by 80-foot wind tunnel to dcterminc thc modifications
necessary to obtain the decsired hish-speed elevator- and
gilcron-control-force rcductions. Also since any increase
in top spced would furthcr enhance thc usefulness of the
airplane, tests were madc to indicate possible drag

reductions.
S3CRIPTION OF AIRPIANE

The subject airplane 1s a twin-cngine, midwing

land monoplano with a tricwvcle landing gear and 1is

powered by two radial air-cooled enegines.

A drawing of the airplanc 1s shown in fleure 1, and
the tcst airplanc mountod in the wind tunncl 1s shown
in fipurc 2. Dctallcd data of the airplane arc given in
Appendix A.

Gunncry coulpment of the airplanc 1s made up of a

varicty of arrangements of «50-caliber machlne guns,




MR No. AHK16

37-millinecter ecnnon, end 75-millimeter cannon., The airplere
tected, hovever, wae cquipped with taree .50-caliber machine
gune in each wing and eight .50-calicer mechine gune mounted
in the nocse. 1In 23dition, varicus cozbinations of bombs,

torpeioes, or Tuel tanke mcy be mecunted under both wings,

The propellere vere removed previous te mounting the
eirplere in the wind tunnel end remained off throughout the
teets loGificd oil-eocler inlcte, which were wooden duplieatce
of the inlcte with which futurec rsirplenes vwere to be equipped,
verc installed in place of the nroduection inlets. Wing-surfaece
irregulerities coused by scrcws end by the leading-cdi e Joint
o1 tie wing zruor plate tetween the fuselage and the npeelles
were filled with clay ané suoothed over, For the wind-tunnel

tests, the woin landing gear was rencveG and specelally rnade

fittings wene subetituted in ite plece, by mcens of which the

cilrplenc waes mounted to the tunnel eupport struts.

A1l ecntrol surfacce teeted were equipped with eantilever-
beam, electricel strain gages for meessurement of hinge Lodents.
Eleetrically Griven ectusctore were uceG to vary the control-
surfeee Geflection, ond scleyn trancrmitter~-receiver unite were
uecd to indiecate the control-surfrce setting. These various
viecce of cquipment were cll mounted entirely within the

airplone.
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TESTS, RRSULTS, AND DISCUSSION

The test results are presented in the form of standard
NACA coefficients. A complete list of all coefficients and
svmbols usecd in the presentation of data within this report
1s given in Appendix F A\11 results have been corrected for
tunnel-wall effects, support tares and interference, and
stream inclination. The tunnel-wall corrections which were

applied are described in Appendix C.
Longitudinal Characteristics

As previously mentioned, pilots had found it exceedingly
tiring to fly the airplanc functioning as a ground-csupnort
attack airplane, and had expressed the opinion that the
manecuvering control forces should be reducecd 25 to 50 percent.
This indicated that for the attack center-of-:ravity position
(23 percent !'.A.C.) the clevator-control-force gradient should
be reduced from the previous value of 80 pounds per g to at
least 60 pounds per g and if possible to 35 pounds per g.
(Reference 1 recuires that the maxirmum control-force gradient
be less than 39 pounds per g for the forward center-of-gravity
position, which 1s at 20 percent .A.C. for this airplane.
This would recuire that the control-force gradlient be
approximately 3L, pounds per g for the 23 percent “.A.C,

center-of-gravity pnsition.)

It Qas impcrative that any modifications made in the
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1 at sea

These gradients have been computed for rated power
level for a gross weight of 32,000 pounds and airspeeds of

350 and 210 miles per hour. An airspeed of 350 miles per
hour is consldered to represent high-speed attack conditions,
while 2,0 miles per hour was chosen to represent the lower
range of maneuverins sneed (24,0 mph also enahled a check to

be obtained from the previous flight-test dataj.

To provide a correlation betveen the control-force
gradients computed from the basie wind-tunnel data and the
control-force gradients obtained in previous flight tests,
data have been taken from flirht tests and plotted in figure
7 along with the conirol-force gradients computed from the
wind-tunnel data for the ssme flight conditions. It will be
seen that a very gond correlat!on exists.

A comparison betwcen the curves for the original elevator

and the bulged elevator reveals that buleing the elevator

contour reduced the control-force gradient from 80 pounds

per g to 60 pounds per g, a reduction of 25 percent (350
mph, 23 percent M.A.C. center-of-:ravity position)., It
should also be noted that the proportionate reduction in
control-rorece gradient obtainable by bulging the elevators

decrecases as the center-of-gravity position moves aft, Thus

‘The results of pover-on tests of a 0.2575-scale model have been
used to correct the airplane pitching moments for power effects.
The hinre-moment data were not so corrected since they were
found to be in goosd agreement with those calculated from power-
on flirht tests.
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a favorable rearward shift in the maneuvering neutral point
results.
However, the control-force gradient of 6C pounde per g

obtgined with the tested amount of bulge i1s &till too uigh.

(as previously mentioned, a control-force gradlent of 35

1b/g 1s considered éssirable vhen operating at high-speed
low-level atteck conditions with the forward center-of-grevity
locrtion.) Hence,an analysis has been made in Appendix D to
determine the possible changee which would further reduce the
control-force gradients.

The analyeis of Aprendix D indicates that the control-
force gradient can be reduced to the desired value of 35
pounds per g by the use of a talance tab in conjunction with
the tested amount of bulge. The beslance-tab requirement is
relatively smell, a tab effectiveness (Cp./08¢) of 0.001
for an elevator-tab ratio of 1:1 being sufficient. The
control-force gradients for the airplane equipped with the
bulged elevator and the balance tet are shown in figure 7 for
the previously dGescribed flight conditions. These results
indicate that the tulge and talance-tab coabination will
eatlsfy the desired elevator-control-force charecteristics:

a control-force gradient of 35 nounds per g will be obtained
for attack conditions (23 percent li.A.C. c.g. position, 350
mph specdY, and nt the cnac time the vrristion of control-force
‘grodient with center-of-gravity locatlion will be reduced with

the result that a control-force gradient of 1% pounds per g
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balance ratio such that a positive balance was obtained
for elevator deflections attalned during accelerated-
flicht manecuvers but that the tab be essentially neutral

it the elevator deflections reanired to stall the airplane.
The tab-drive linkape designed to attain these results is
indicated diaprammatically in fizure 9. The resulting
variation between clevator deflcetion and balance-tab
deflection 1s also showvn in fimire 9.

To =atisfyv the third reaulrement to be met by any
modifications made to the clevators (that no loss in eclevator
effectiveness during landings could »e sustainazd), additional
data were obtained to indicate the relative effectiveness of
the two elevators - original and bulged - at hizh deflections.
Theso data, presented in figure 10, diselose that althoush
for the lower deflections the effectiveness of the bulged
clevators is lower than that of the orisinal elevators, the
peak effectiveness of the bulged clevators 1s about || percent
higher than that of the original clevators. Therefore the
bulged elevators should give somevhat better landins charac-
teristics than the oripginal elevators,

Particular attention should be riven to the deflection
at which the ¢levators stall, which i1s from 25° to 279,
dependent upnn the airplane ansle of attacke. Obviously then,

the elevator stops should hc set to 1limlt the clevator

deflection to anproximately 25° and not 30°, as ori:inally
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o}

his, in fact, may havc contributed to aceidents

landinms causcd by collapse of the nosc gear, thec nosc-
fallurc probably resulting from cxccssive impact loads

due to inabilitvy to hold the tall down after the elcvators

talled.

Lateral Charaeterlstics

To make the alrplane sultable for ground-support attack
opcrations, 1t was further nececsary to reduce the high-spced
allcron-control forccs from 25 to 50 percent. It was required
that these rcduetions be aehieved without loss 1In low-spced
lateral control sincc, as reported from fll-ht tcsts, the
latcral eontrol was marginal during approaches and landings,
In fact, it was eonsldered vcry desireble to improve thec low=-
specd flaps-down c¢ffectiveness by about 10 percent.

In the endeaveor to attain the high-speed eontrol-forecc
roductions, the orieinal, t'asbric-eovered, truc-contour
gilerons were modificd as follows: (1) the allcrons were covered

with metal to minimlze surface deformation at hizch speceds and

the consequent inercase in eontrol forces; (2) a straight-sided

contour was lncornorated in place of thc true contour to
dircetly reduee thc eontrol forees: and (3) thc balonec-tab
ratio was to be chanscd as nccessary to utilize thc balance

tabs to the fullest extent possible in reduelng the control

forcecs, The alleron span wes cxtended to the wing tip, to

offset the antlcipatcd loss in effeetivenesa ineurrcd by use
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of straisht-elded ailerons in place of true-contour ailerons.
Additional low-speed effectiveness was then to be ohtained by
increasing the aileron travel fiom the maximum of 20° up and

15° down, as oririnally specified, to a maximum of 22° uyp and
17° down®. The modifications made to the ailerons are shiown

in fimure 11. The aileron gearing is shorm in firure 12,

For the wind-tunnel tests, the or!:-inal alleron was
mounted in place on the right wing and the wodified aileron
on the left wing, The characteristics of the ori~inal and
modif!ed ailerons were then determined at a dvnamic pressure
of 25 pounds per sauare foot (V = 100 mph, R = 7,300,000) and
are shown in ficures 13 to 16, inclusive.

The rolling characteristics of the alrplane have been
cowputedn from the basic wind-tunnel data and are shown in
firures 17 and 18. ¥i~ure 17 shows the variation of control
force with pb/2V in hipgh-speed fli~ht and fiaure.lf shows
the over-all rolling charncteristics. Results of the

previous flirht tests have been plotted on the two

fipures to give a correlation between flight results and

*The maximum travel that the wing and alleron structure will
permit is 22° up and 17° down.

2Rolling characteristics have been computed by use of the
relation pb/2V = 8C1/C, .« The value of C; was obtained

for the purposes of thig renort from reference 3., A correc-
tion for the =slope of the 1lift curve was applied, giving a
value of Ciy, = 0.58 for this airplane. The value of

pb/2v obtningd was reduced 20 percent to correct for the
losses in rolling velocity resulting from the dynamic effects
of wing twist and sideslip
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wind-tunnel resulte. Coneldereble discrepency will te seen

to exiet bctween the curves obtained from the flight tests

and the curves obtalned froam the wind-turnel teste. This dis-
crepency can not be entirely expleined at the present tirce,
but may be due in part to hesvying-up of control forces
resulting from febric deformation. (This could not be taken
into account in reducing the wind-tunnel data, as previously
explained regarding the elevators.) However, the improvcments
in zileron control henccforth indicated were adjusted so as

to be proportional to the fllght-test data.

On the basls of the forcgolng remarks, a comparison
tetween the curves shown in flgure 17 indicates that the
modified eilerons with no balance tab will reduce the high-
speed alleron-control forces about 15 percent below those
expcrienced with the original ailleron having a 0.375:1
balance-tab ratio. A comparison of the curves for thc flaps-
down condition in figure 1& 1lndicates essentially no change
in the low-gpced flape-down characteristics (the extended
alleron spen and lack of balance tabte incressed the effcctive-
ness approximatecly the same amount that the straight-gided
contour reduced the alleron effectiveness). These results
signified thet additional high-speed alleron-control-force

reductions would have to be obtained by prcper use of the

balance tabs; further, to overcome the loss in effectiveness
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due to use of the balence tebs, the low-speed flsps-down
effeetiveness would heve to be inecrepnsed by ineressing the
eileron travel.

Additional data were required to encble determinetion
of the proper balence ratio for the tebs. These date are
shown in figuresl9 ond 20. It is evident from these figures
that.thc belance roatio must be limited to 1:1, otherwilse
overbalance will result.

It therefore appeared throt an elleron ineorporating a

1:1 belance tab to further reduce control forces, with the

maximum trovel increased to 22° up and 17° down to provide

edditional effeetiveness at low speeds would give the

degired results. The rolling charscteristies have been
computed for this alleron configuration and ore shown in
figurecs 17 end 18, The curves in figure 17 indicate that

the high-epeed oalleron-econtrol forees will bte reduced
cpproximately 80 percent by use of the modified eilerons
vith ¢ 1:1 balance-tab ratio. In addition, os shown 1n
Tigure 18, the inereceed alleron travel will result in a gain
of from 5 to 10 perccnt in the lov-speed fleaps-down lateral

control.

Minimum Drag Choracteristics

To determine the improvements that could he obtained
in the top specd of the cirplane, tests vere made to indleate

the drag of each of the veorlous GQrog-produecing ltems. The
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loss in thc top specd of the airplene duec to cach of the
itemg could then bLe dctermined, The drag-producing ltems
have bcen cleselfled into three groups: (1) lcekege 1teme,
(2) coumponent protuberances, and (3) adjunct protuberanccs.
The leakage items ore thc joints through whieh air could
leak out of the wings, Tuselage, or nacelles. The airplane
with ell leskoge ltems seeled 1s shown in figure 2l1. The
eonponent protubcraonces are the protubersnces thot are com-
ponent ports of the zirplene such as the guns, rodlo loop,
ctc, Figurcs 2 cnd 22 show the cirplane in the scrvice
confliguration with thc component protubcrences 1n plaee.
The ed junct protutcrences src the rcmovable auxiliary litems
such as thec bombs, fucl tanks, ctc. The rirplenc with the
verlous adjunct protuberances 1n pleee is shown in flgurc
23,

Preparatory for wounting in thc wind tunnel, thc air-
planc wos complctely scaled and all protuberenccs were
rcmoved. The mcthod of tcsting was to unseal the alrplane
by scctions end cvaluatc the incrcment of leakege drag causcd
by each section; next, to 2dd the component protuberances one
et o time end cvslucte the increment of dreg duc to each
protuberance; and finally, to add thc adjunct protuberances
and evaluetc the increment of dreg duc to cach,

The drog results arc prescnted in the form of minimum
drag polars whlch were run ot e dynamlc pressure of 70 pounds

per squere foot (V = 165 mph, R = 12,200,000), "The minimum
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irag polars for each successive change in configuratlon are
shown in fi-ures 2, 25 and 26. It 1s to be noted that the
tests were run in the order in which thev are presented in
the figures; therefore, the configuration for each curve Is
the confizuration of the preceding curve plus the 1tem noted
on the curvel.

A summary of the results obtalned from the leakage drag
tests (fiz. 24) is presented In the following table. Shown
. in the table are the Increrments of drncg attributable to each
item, and the increase” 1n top specd which could be realized

if the 1tem were sealcd.

1The exceptions to this are the cuvves for the wing rib
urisealed and the landing-flap door 1n place. The tests for
these curves were not run in the sequence shown in the
figures: however, the values have been corrected to account
for ths Intervening runs so that the proper drapg increment
12 indlcated.

e enlculuted veloclty increments are bosed upon the
rcported sec-level high speed of 360 miles per hour.

A hirh-speed power-on drag coefficlent of 0.0263 was
cnlculated, based upon the reported hich-speed and
war=criergency powecr of 2370 hLorsepower per enfsine, The
assumption was made that the total propulsive efficiency was
95 percent: 85-percent-propeller propulsive efficiency plus
an additional 10-percent efficlency due to jet thrust =nd
leredlth effect.,
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Fuselege butt joints unseoled
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obligue-crmere doors unscaled
Wing-fuselnge filllet unsealed
Cowl £nd cowl flops unsenled
Necelle recess dosors unsecled
Nocelle butt Joints unsealcd
Yain landing~geer doors unsealed
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Suaniation of fovorable inere-
ments., (Itcws 1, 2, 3, 5 to 1k,
17 and 18.)

From the table it can be seen that the sirplane is quite
well senled. Although on sdditional 9 miles per hour cen be
added to the top speed by completgly sealing the airplene,
diffieculties associnted with senling will 1limit the aetuzl
improvement in top speed thrct ean be gained,

The drag ineremcnts cnd corresponding losses ln top speed

due to rddition of creh of the component protubersnces (fig, 25)
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Nose louvers

Radio antenna and mrast

Enelosed loup antenna |

Uprer turret ond periseope |

Lower turret and periscope l
i

Lcwer-periscope deflector

Aft air-eonditioning sccop and
exit

Forvard air-conditioning seoop
end exit

WO~ FW b
M IO

(=]
o

(=]
[S]

lodifiertion to londing-flspdoars| .0001 | 3}

- -t

IT

These results show thzt the airplane is fairly elcon,

By fairing the nose guns and removing the lower-periseope
defleetor, 3 miles per hour can be sdded to the top speed
.6f the airplane. The funetions of the remainder of the items
however, require thelr existenee, and henee little can be
accouplished in the way of improvement.

The landing-flap doors are the doors which elose the gap
tetween the lower-surfaee wing skin and the landing flaps.
These doors rcquire an elaborate linkage to move them down
and out of the way when the landing flapc are being either
lowered or raised. The linkage crsused considerable trouble
on existing airplanes and 1t was desired to replaee the doors

and linkage with a flxed extenslon of the lower-surfaee wing
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skin. Teets vere therefore made to determine if replacing

the doors and linkage with a fixed extension of the lower-
surfaee ving ekln would have an appreclable effeet on elther
the high-cpeaed drag or the maxlmum 1ift,

For the purpose of these tests, a fixed extension of the
lover-surfaee wing ekin was simuiated by trimming the tralling
edges of the original doors sufflelently to allow the landing
flaps to be lovered or ralsed without moving the doors. As
ghovn 1n the table, the modifleatlon to the landing-flap
doore esused only & small inerement in the high-speed drag
eoeffilelent and would result in only l/2-mile-per-hour loss
in top speed. Hence, replacing the landing-Tlap doors and
linkage with a fixed exiension of the lower-surfaee wing skin
will be satisfactory as far as the drag is concerned. The
effect of the modified doors on the uwaximum 11{t will be
diseussed in the next section.

The results of the tests made to determine the drag char-
aeteristies of the adjunet protubereneces (figs. 26(e) and (b))

are summarized in the followirg table:




No. ASK16

3 | Agp . Av at "
tem | a op spece
- Cy=0.19 | %qu)

14 rocket racks ! 0.001% T
14 rockets and racks [ .cosl 21
Four 500-1b bomb racks .0o27 12
Four 500-1b bombs and racks . oogh 32
Two fuel-tank racks . 00056 2
Two fuel tanks and racks .oca7 12
Zight rockets and two fuel .0056 22}
tanks ]
Eight rockets and two 500-1b .0070 275
bouabs
Two fuel tanke and two 500-1b .0078 30
boabs

Bomb-bay doores open .ooak 32

EEA WURN W I

[
o

This table discloses that, with the exceptlion of the
bomb racks, the various items cause no undue increase in
drag. The boub rocks appear to create excessive darag when
compared to the fuel-tank rscks. In spite of the much greater

slze of the fuel-tenk racke, the decrease 1n speed attributable

to each fuel-tank rack 1s sbout 1-1/4 milee per hour; whereac th

decresse in speed cttributable to each bomb rack 1s: about:3
wiles per hour, Thus 1t sppeers thet' falring the bomb recks
will increase the top speed nt least 1-3/4 milesper hour per

reck or 7 miles per hour for all four racks.

kexlmum Lift Charactericstics

In conjunction with the .foregoing tests, additional
tests were made to determine the effect of various configu-

rations on the maximum 1ift characterlstics of the airplane.




22 IR No. ASK16

Included were an eveluation of the effects on maximum 11ft of
wing leskegt, eddition of the wing guns, opening +he cowl flaps,
opening the oil--cooler doors, the nodified doors of the
janding flaps, the verious ad junet protuberances, and varlious
flep deflcetions.

The results of the moximum 11Tt teste are shown in figure
27 in the fora of 1ift, drag, and p;tehlng—homent curves.
The dats were obtalned 2t a Qynamie pressure of 25 pounds per
sguere ool (v = 100 mph, R = 7,300,230). It can be secen from
figure 27 thet none of the items offeet the maxizun 111t
appreelably. For example,the dlfferﬁnee between phc maximum

1ift coefficient of %tne alrplane in the clean and sealed con-

figuration and the maxlmud 11t eoefficlent of the eirplene

in the scrviee configuration (an inerement in the meximum 1if%
coefficient of 0.05) will rceult in only cbout 1/2-mile-per-
hour deercase in the londing spee§,

Figure 27 also chows thet vhen the modified 1anding-
flgap doors were in place, no decrease in the paximum 1ift coef-
ficient weae expcrlenced; in fpet, there was an increcse. (The
modified 1anding-flap doors were prevlously disecussed in
regord to thelr effeet on minimum drag. ) Hcnee 1t ean e
concluded that repluclng the londing-flap doors with @ fixed
extension of the lower-surface wing skin will heve RO
signlfleant acrodynamic effecets; 1t will result in only emall
inereasce in dreg ond in meximum 1ift,

In figure 28 ere preeented the 1ift, drag, and
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pltching-moment curves for the airplane with various flap
deflections., The maxirum-trim-1ift coefficlents were com-
puted from the data of figure 28 and are shown in figure 29
as a function of flap deflection. It can be seen from figure
29 that the maximum flap deflectlion of 52° produces the
highest trim-1ift coefficient obtainable with the existing

flap systen.,
CONCLUSIOQIS

The results of the tests of the airplane reported herein
may be summarized as follows:

1. The élevator-control-force gradients for high-speed

sneuvering flicht will be reduced about 50 percent by

replacing the original, fabric-covered, straight-sided
elevators with metal-covered bulged-contour elevatoré incor-
porating a balance tab., In addition to reducing the high-
speed maneuvering control forces the desired amount, the
modified elevators will satisfy the other critical flight
conditions as follows: (a) the elevator-control-force

gradients for low-speed maneuvering flight with the rear-

ward center of gravity will not be reduced from the original

values; in fact, they will undergo slight favorable increases;
and (b) the elevator control during landings will be =lightly
increased (about li percent) above the original values. The
desirable stalling characteristics of the original elevators

(heavylng-up of the elevator control forces as the stall 1s
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approached) may be retoined by utilizing s teb gearing thet
will return the balance tob to approximately neutrel at high
elevator defleectlons,

2. The eileron-cntrcel forces for high-speed maneuvering
flight will be reduced sbout 80 percent by replacing the
original, fabric-covered, true-contour ailerons incorporoting
a 0.375:1 balance tab with metal-covered, stralght-sided,
extended-specn rilcrons incorporating a 1:1 beslence tab., The
lateral control during eporonches end landings may be increased
from 5 to 10 percent by increasing the maximum eileron travel
from 20° up and 15° down to 22° up end 17° down.

3. Approximately 9 miles per hour could be added to the
top speed by eompletely sealing the airplane; however,
difficulties associated with sealihg will limit the actual
improvement that can be gelned. Three miles per hour can be

addcd to the top speed by friring the nose guns and removing

the lower-periscope deflector. Uhen the 500-pound bomb racks

ere in plrcce, sbout 7 miles per Lour can be added to the top
speed by failring the bomb racks.
Aces Aeronautical Laboratory,

Nationsl Advieory Committee for Aercnauties,
¥offett Fisld, Ceolif,,
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APPRNDIX A

GUMTRAL DATA OF THR THST AIRPLANE !

Fower nlant
The ajrplane 1s powered by two radial 18-cvlinder, double-
row, air-cooled enpgines with water infrctiﬂn,'ie:’*nqted
as R-2000-79. Povier ratines are as follows:

Condition bhp rpm
.vlap emergency’ 2370 2700
11ilitary 2000 2700
rated 1600- 2400

Propellers « « « o o o ¢ o Constant speed, quick feathering

Three DlOdeS o o s o = = o = o o o ¢ o o o s o0 6359A-18

Diameter (actual)e e o o o o c7o’e ole o o e .12 £t 7 in.

Yo spinners installed

ing
Area, -sn ft+ . - 510.5
9pan, ft . . 70.0
Aspect ratio : i s & '9.07
Taper ratio. . . " 53
Mean merodynsmic chord, "t . . ¢ : i ¢ 5 . B.13

.Iweepback o o' o o o o = 50-percent-chord line straight

IRIT data are taken from manuracturer's specifications and
apply to the service airptene before any modificatlions
were made.
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Wing area affected, eq : 129.96
Bolence ereca excluding cut-outs, sg ft . . 16.61
Balance orea including cut-outs, sq ft . . . . . 17.67
Balance ratio (baeed on area aft hinge line

excluding cut-outs) . . . . . . . . . . .61
Hinge-line loccotlon, percent wing chord ., . . . 79
Alleron tabs

TYPE <0 a vo u o : Trim end balence

Span, ft.. . . . . 2 . .27

i“.A.C, of tob, ft . e e 0.42

Hinge-line locotion, percent cileron chord . 30

Ares (aft of hinge line) (both sides),sq ft 2.38

Laximum trevel, deg .« « .« + o . T +7
Balence tab ratio ... . .. .. . 0.375:1
Trim teb on le¢ft .side only
Fuselage - .
Length, ft . . . . . .
Horizontal teoil
Bpan, T8 -.=a-a o e faic,
frea (including fuselage), sq ft
Aspect retio ,-.-. . . . . . .
Taper retlo-. . o v uvevre-e
licean aerodynemic chord, . ft
Dihedrel, .deg..

Incidence
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a1l length (0.25 L.A.C. to hinge 1line horizontal
tail), ff .7 - .. e e mom el 30,45
Elevotors
Type e e e e e Sepled overhang balance
_arer (a;* of hinge 1line), sd £t . s L. 321
Wk G, 8. s« v &5 3 8" 0 5 5i i . 179
Hinge-line loc-tion (oerecent chord
tail) R . e oe ) . . 05.45
Horizon*tecl surfoee 8ret pffected, £Q T8 o o o ot 93.62
Brlence rotio (vaset on arec oft 6f hinge 1ine) . . 0.315
liesizum trevel, Qeg o ¢+ =+ttt t . Up 20 +£1/2
Down 16 %1/2
Elevetor tab
TYpe o e e vttt . . Trim (no balence tob)
Span, ft . - - - . 2.46
1.A.C. of tob, ft . . G .. 0.52
Kinge-1line loc-tion (percent elevotor chord) . . 25
areca (aft of hinge line) (toth cides) 8q Tt . « 2.58
laxiuum trevel, Geg - o e oottt T 3 -12, 17

Control-systca arta

Control-column trevel (no locd), deg

wheel travel (0o lond), GEE
Con%rol-column length, in.
\heel diemeter, in. o

Pedpel radius, in. . .
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APPENDIX B
COEFFICIENTS AND SYUBOLS

The coefficlents and symbols uscd in the presentatlon of
drtn with thls report are defined as follows:
CL 11ft coefficient (L/qS)
Cp drag coefricient (D/qS)
Cn pitching-moment coefficient (14/qsc)
Cn yawing-moment coefficient (8/qSc)
Ci rolling-moment cocfficlent (L'/qSe)
Che clevetor hinge-moment cocfficient (He/aSece)
Chy alleron hinge-moment coefficient (Ha/qSccg)
ACy inerement of rolling-moment coefficicnt produced

by a glven aileron deflcction

2
Cpp prrasite-areg cocefficient [Cp - (CL /&)

rante of change of elevator hinge-wouent cocfficient
vith elevator deflection [(8Che/d8e)c;, ]

rate of chenpe of elevotor hingc-moment cocfficlent
with angle of ctteck of thc horizontal tall

[(6Che/éat) CL]

rate of ciionge of eleveator hinge-mouent cocfficient

with n~irplecne 1ift cocrricicntf(échc/aCL)a]
11rt, 1b

rolling moment, ft-1b
dreg, 1b

pltching moment, £t-1b
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Yaving momcnt, ft-1b
elevetor hinge-uoment, ft-1b (Positive hinge moment
leflezt elevator downwarde,)
aileron hirge-mcment, ft-1b (Poeitive hinge moment
ternde to defleet aileron downwards, )
free-stream dynanic pressure, lb/sq ft
airspeed, ft/sec or mph
irdleated elirspecd, mph
dencity ratio (p/po)
rnass density of sir at altitucde, slugs/eu It
rass density of f2ir at sea level, slugs/eu It
standard aecelcration of gravity, ft/sec2
rolling velocity, resdicns/see
helix ongle of roll generated by wing tips in a roll,
roadians
wing area, sq It
ving spen, %
meen aerodyngnie chord of wing, ft
repeet ratio of wing (b3/8)
winglocding, 1lb/sq ft
distance from ecnter of gravity to hinge line of elevator,
't
normal eeceleration in g's
clevatr.control foree, 1lb

area of clevetor aft of hinge line, sq ft

meen perodynamie ehord of elevator aft of hinge line, ft
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.

Sa erea of original alleron eft of hinge line, 8q ft
Cg tean eerodynamic chord of aileron aft of hinge line, ft
a argle of attzck referred to thrust line, deg

engle of attack of horizontel tell, deg

elevator deflection, deg (positive downwards)

alleron deflection, deg (positive downvards)

by (908/3CL)5 ~ (9Ca/20L) a3 opr
(3Cm/dat )y,
(eCm/écL)ﬁ

L yolln + 1)/n]
Cheq

(e'Cm/Cat) Cr

> (8Cu/d8e)cy,

Subscripts outside of paventheses indicate the factors held

conctant during measureuent of the parameter,




PPENDIX C

asarreiva

CCRRECTICNS APPLIED 70 THE FORCE LEASUREIENTS

Tunnel-wall corrections have been anplied to the grose
force mercurcxents in the followlng uenner:
bogp i to unearreeted valuec of a)

¢ uncorrected valuee of Cp)

.Ch3 C ncorreeted vslues of Cp;)

s

et - - P4
ey +0.036C
£rost /¥ YL

(cubtreeted from
13

“I'o
uncorreeted velues of Cyj; in the seeond term + 1

used for the lcft sileron, -~ ic used for the right

2ileron)

.ce€e corrcctions take ianto occount the chepe of the tunnel

L

croce~gcetion, tiie large eize of tle sir.lane releative to the

T : 2e¥s = N o . -
tunnel (_WiB& spon o o -.;u> end tlic off-cecnter poeition of
\tunnel widtn

the sirplene (the wing we

pe
Q

£ approx, feet rcbove the lierizental

center line of the tunnel). The eorrcctions to the roilin

- moments rere deteriined Ly tie methods of refcrences

J b

In tlese celeculetione the lording diestritution vaos
te rcpresented by & unifornly looded eclleron super-

an cllinticelly looded mein ving,
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APPENDIX D
NALYSIS OF TEE LONGITUDIHAL CHARACTERISTICS TO
DETERIL.INE THE MCDIFICATIONS REQUIRED TO GIVE

[T T 1T TUAMAR_ AANMREAT . TAROT BTN TAN
THE DESIRED FLEVATOR-CONTROL-FORCE REDUCTIOR

A8 previously explained in the main text, it was desired
to reduce the ctick-force gredlent from 80 pounds per g to
35 pounds per g for high-spced-rttack conditions without
erpreelebly reducing the wininus stick-foree gradient for
low-speed turns with oft center of gravity. To allow &
repid graphical solution to be obtailned of the effeects of
chengee in the hinge-uouent parc.elers Chqy and ché on
tlic stick-force gradient in steody turning flight the
following equection was devcloped:

A O ] .
H{;l = (524K, )0hgqy - (Ko#K)Chg_ + (K #L)aChg, ~ (Ky+K,)aChg

In thec eguation, Chato end Chéo arc the basic valucs of the

hinge-toment paramcters of the original clevators having the
scaled-overheng balence, and  AChg, end Ach6 are the
changes 1n the besic values which rcesult froz modifications
nade to the elevators. The valuce of the aecrodynamic para-
neters used in the equetion vcro.obtained from the power-off

teets of the cirplanc es prescnted in this rcportl. For a

‘The exceptlon to thls 1s the valuc of the tall-effectivencss
(OCvn/OCL)S- (&Cm/ecy) %
( (;Crm/.(\«at )CL
firem the power-off tests of a C,2375-senle model in the

Lapgley 19-foot oressure tunneg.,

———— = - r

21l off which wes obtalned

paraneter
’
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egpeeified flight condition, the equation wee solved to deters
minc the verlous eombinaticns of Anh"t end Chg vhieh
efy a glven stlick-force gradlent.

= . i
e high-speed atteek eonditione (250 mph nlrespeec,

&

-

23 pereent n.A.l. center-of-grovity poeition) the equation

vee colved for stiek-force grelients of &0 pounde per g (the
original stick-foree grsdient) and 35 pounds per g (the desired
stiek-foree grodient). For low-epeed turns with oft eenter of
grovity (240 cph, 34 percent li.s.C. center-of-gravity loc:tion)
the ecuetion wae solved for stiek-force gradients of 14 pounds
per g (the miniuuo ellowable gredlent) ond 20 pounde per g

(this letter vnlue was ehosen to ollow utiing & eonvenient

quentitative interpoletion). The veriotions of Achat with

ACh6 for the foregoing flight eonditions end stick-foree
gradiente are shown in figure 30, It can be ceen thet the
sheded eresn on the figure defines the limits within whieh
Achat end AC-,6 rust be zept in order to satisfy the desired
ttick-foree gradients.

In order to determine the approxincte amount of bulge
required to give the deeired high-epeed stiek-force gredient,
the chonge in the parsumetere due to the effeet of the tested
amount of bulge wae plotted in figure 30. A etreight line
was drown through the origin and the tect polnt and extended
until it eroscsed the line for the gradient of 35 pounds per g.
The intersection of these two linee determines the cpproxilaate

anount of Achat end 4Cpg to be supplied by bulging the
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contour. It can be secn from figure 50 that appreoxirately
twice the amount of bulge would be required (en inercase in
trailing-cdge anglc of about 12°). It can also bc seen from
the figure thet this large amouitt of bulpe would be

unsatlisractory es it would reeult in overbalcnce of the

surface (ACh6 ie greater taan Ch& , resulting in a positive
o

or overbalanccd Chs)' A large anount of bulge 1s also
undcsirable beccucse of possible adversc liach number effects.

A satisfactory colution that can bte arrived at froo
figure 30 1s to uce the tested bulged surface and furnish an
additional Ch8 sufficlcent to bring the perareters within
the shedcd arce. This incrcment of Ch5 can be obtaincd by
uce of a boost tob The required teb effectivencss for o 1:1
tab ratio can be reod dircctly from the figure ond is -0,.0010.
Thus o gradicnt of 35 pounds pcr g will be obtuined for the
high-speed attock conditions and a gradicnt of 18 pounds per
g wlll bec obtzined for low-speed turns with aft centier of
gravity.

Othier solutlons to the problem could be made. For
cxeuple, figure 50 sl.ows thet the limit of 35 pounds per g
could bc obtaincd by decressing the btulge and incrcasing the

booet tab the neccssary smount. However, for low-gpeed turns

with oft center of gravity the Iecvorable mergin would be
rcduccd between the attained gredieant and the oininum allow-
able gradient.

Therefore, the tested auount of bulge in combinrction
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vith a vtoost tob equivalent to a tab with en effectivenees of
5.CL10 with a 1:1 ratio will be the optiuun arrangeuent, This
erroangeLent wili reduce tae egtlel force redient to the e elred
velue of ¢ unde pex fer hagn-enced nttpek conlitione
vithout oy recicsbly reductng the sinizum etieck-forec gradient

fer low-specd turns vith gt center of revity.




MR No. ASX16 35

contour. It can be seen from figure 50 that approxicately
twice the amount of bulge would be required {(en increase in
trailing-edge angle of ebout 12°). It can elso be secn from
the figure thet this large aumount of bulge would te

unsatisfectory as it would iceult in overbaloncc of the

surfacc (u:hu is preater than Cy, , rcsulting in a positive
o]

or overtalanccd Chs). A lurge ariount of tulge is also
undesirablc becauce of posesible adverse lineh numbcer cffects.

A satisfactory eolution that can be arrived at froa
figure 30 is to uce the tested bulped surfacc and furnish an
additional Ch8 sufficlent to bring the peororeters within
the eheded area. This inerement of CLS ean be obinined by
use of a boost tab The required teb cffectivenese for e 1:1
tob ratio can be recd dircctly from the figurc snd 1s -0,0010.
Thus o gredient of 35 pounds per g will %2 obtuined for the
high-specd atteck conditions and a gradiernt of 1& pounds per
g will be obtzined for low-speed turas with aft eenter of
gravity.

Other solutions to the problem could bec made. For
exauple, Tigure 30 shows that the limit of 35 pounds per g
could be obiained by decrecsing the btulge and inereneing the
boost tab the ncceseary amount., However, for low-sgpeed turns
with oft center of gravity the faovorable norgin would be
reduecd dbetwcen the attained gradient and the mininun allow-
able greadicnt.

Thereforc, the tested acount of bulge in eomblnrtion
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vith a boost tab egquivalent %o o tab with en effectiveness of

C 0 with a 1:1 ratio will be the optinun arrengeaent. This

Vewsd
-

errongewent will re Juce the sticl foree ¢ ~rdient to the de gired

n-soccd ettack conditions

as per § for 1gn-89C

1t onorecisbly redueing the minimua gtiek-forece gradient

“l <

for low-specd turns vith oTt center of grovity.
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FIGURE [ .-~ THREE VIEWS OF TEST AIRFLANE
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(b) Three-quarter front view.

Pigure 2.- Continued.

ear vieve

(e) Three-quarter T
- Concluded.

Pigure 2.
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(p) Three-quarter front view.

(c) Three-quarter rear view.

Pigure 2l.- Continued.




MR NO. ABKI6

Three-quarter lower front cloee-up.

Figure 2l.- Continued.

Three-quarter lower rear close-up.

Figure 21l.- Concluded.
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(a) Three-quarter lowsr front view,

(b) Three-quarter lower rear view.

Pigure 22.- Detail of component protuberances.




(a) Seven rockets,
Figure

23.~ Detail of adjunct Protuberances,
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(b) Four rockets and one fuel tank.

Figure 23.- Continued.

(¢) Four rockets and one 500-pound bomb.
Pigure 23.- Continued.
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Pour rockets and one fuel tank.

Pigure 23.- Continued.

(¢) FPour rockets and one 500-pound bomb.

Pigure 23.- Continued.




MR NO. ABKI6

(a) One fuel tank.

Figure 25.- Concluded.
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! It waa desired to reduce high-speed elevator and aileron control forces without either
. .reducing low-gpeed control forces or impairing lsnding characteristics. Desired high-speed
.0levator-control forces csn be obtainsd by replacing fabrio-covered, straight-sided
‘elevators with metal-covered bulged-contour elevators incorporeting a belance tab. |
Desired high-epeed eileron-control forces cen be obtained by replacing fabrio-covered,
true contour ailerong with metal covered, strsight-sided, extended-span silerons in-
corporating a 1:) balance tab.
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