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Nfl.1'ION.'l.L ADVISORY COl't1MIT'TEE POR AERONAUTICS 

MEMORANDU1Vl REPOHT 

for the 

Bureau of Ae rona' tics, Navy Department 

rpEsr.cs OF A O. 30- SCALE SEUSPAN F ODEL OF THE DUJGLAS XTB2D-l 

AIRPLA.1TE vV11 G AKD :?USELAGE COMBINNrlON Br TH~ 

NiJ.CA 1 ~ - FOJT PRES S 1.TRE 'l'lJNN"SL 

I - FUI:L-3}1f' N ~LAP AIJD AE1 - DRA:rn INVESTIGATIWJ 

By C. Dtxon Ashworth , S~anley H. Spooner , 
and Robert T. HUBsell 

Tests have been conJlcted in the NACA 19-foot 
--res sure t unnel of a 0 . 30--scale semispan model of the 

X'rB2D- l airplane v:ing and fuse l age combL'lation. The 
pl'.rpose of the ful l - span flap ami air - bra1{C investi gation 
,;vas to determi:1.e th8 optimum posi tion of the double­
slot t ed f l ap, the characteristics of the full - 3p~n flaps 
ut various def18ctions in their fully extended posit~on, 
the effectiveness of def13ctino the full-span flaps to 
small poslti.ve angles as a camber changins;s feature, the 
stal ling chs.racterist::.cs of the wino , and tl'le effectiveness 
of t~Le flap as a b r ake when deflected to negative angles . 

The dateS. indicate that on the qirplane a:1.Y one flap 
parame ter could be moved 3/16 inch from its optimwll 
posit ion and not appreciably affect the value of the 
maxi mum lift coefficient . A loss of flap effectlveness 
was encountered between 300 and 55 0 flap deflection due 
to '3. stall condition on tho flA.p for nearly every con­
figuration tested . The effective camber changing feature 
produced no drag reduct ion exce _ t above a lift coeffj.cient 
of approximately 1 . 1 . The stalling characteristics of 
the wing ~ere , in general , satisfactory. For braking in 
a dive , decelera ting , and Gvasive maneuvering, the brakes 
produced a dra~ coefficient increffient of 0 . 077 at a 
defl ecti on of -540 which appeared ss.tisfactory from some 
pre l i minary calculations . 
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I ~!'I'RODUOTI Ol'T 

rrlle XTD2D-l Dir~')lane is a proposed sinG] e - engine 
to r :.) 8;_'.0 ])01:1be r ,les:i.r;nec~ by the Douglas Aircraft 
0("'r9 'Jl'Hti 011 to O~E;I'a te from airc l'aft carriers and ca~)8.b le 
of ca:i.~ry:Ll1g a la:'~e,e d~ sposno} e load. Design in;ol'mation 
fo r this a:'.:c'.: Jano tas ·I)ee n lrev-'l.ousl:r obtained on a 
re1atlve l ·y sF.r ll scale Liodel of tLe ai1"")lano in the 
Guggenhe i m Ac I'On8.1.lt i~al La bOI'atory, on1 iforni a IllS ti ~ute 
of Techrlolo[';J ' J.nd on a sim-:-;lifioc1 nodel of the X.,(\. - 26 air ­
!)1ane :'. 11 t~lO l'~ACA J9 - foot '}.l.'eSSU':l'e tunne l. . In orde r to 
o"'Jtain ad.di t J ona 2. inf'.)rn'ati on at 1.ar0e values of :leynolc1s 
m .1.r' ber , a 8 . 3C· · scnle semispan "(·'odc l of the X'l'D2D-l air ­
,, ]~11e "',:]s 1-E,~·t("rl in t~ l"" ilTA. ,'A J9- fO:lt "'-"ee,Cl,'''''''' ·t 1"1I1el ,' , _ ........... 'I V e.. .J Jo.. . .. J'~ ., . _. .1. "-.' J. ", v . _ . , .. L JJ.. ~u ...... . uv A.i. . • 

To adapt t?lr? tunnel for the semisp[,n mode l a large 
end ) 18.te vms i11 s tel18d to serve '·' S a reflect ion ·::-lane to 
~uintain t ;.c lift ~istribrtion a t the root section . 

T_le code l i,US equ:t)ped y.t:l.tl1 a full - span, double ­
slotte0. f l ap arrangeI1ent . The in00ard section of tl1e 
~lll - s:'Jan flap ( t'le flap) WQS des:L,~ned to act eithe r 
as a high lift device or as an air bra'.'Co . rrhe out Joar d 
section ( the rol l flap ) was desig~ed to provide additional 
lift a~d t o serve as a lateral - control d.evice . 

'rhe c.a.ta fY'0r1 tl"e tests o.re ·)l~esented in two 
se'is rat o rcr~orts . r.I'his re"0ort (part I ) !."lres0nts the 
results of tests I':'-de to detel'I'iile t~ _e 0i t l.·'TIUl"" positi on 
of t.be fla"9 , the effec ti velle s S of t>c f12~,) and roll f l ap 
as hi .:.;h :t..:!. ft de,-i ce s, t:le stalL 11,_; cl-' arae te 1"i s t ic s of t'le 
model , the nir- b r n1':e C~laracteristics , the f l ao and roll ­
fleD ~in[~ mrn·ents and loads , and t~e effectiveness o f a 
cambe r·cl"lanS1l1f:, feature . Part II (referonce 1) l)resents 
the roll - f l a) p ositioninG tests and t~e Jateral cont rol 
c~.larac te ri s t ic s. 

o OE"'FI CI E NTS iHm S"'.[i'100 L3 

The coefflcif.;nts anci. S:I111')018 used here in are defined 
as follows : 

CT ll it coefficie it (L/qS ) 
...J 

0D dl~a3 coefficient (D/qS) 
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c;m pitchlng- :noment coefficient (M/qSc) 

Shf flap hinge -moment coeffictent (Hf/qSfcf) 

C~Jf flap normal-force coefficient (Tf/qsf) 

CCf flap dcord - ~orce coefficient (Cf/qSf) 

roll - flap hinge - moment coefficient (Ha/qbaca
2 ) 

where 

poll - flap normal- force coefficient (Na/qSi::l.) 

roll - flap chord - ~orce coefficient (Ca/qSa) 

L lift 

D drag 

M p:!.t chil1g moment about . O ~ 25 Dean B.orodyna.oic chord 

Hf flap hinge moment about 0.30 flap chord 

Nf flap normal ferce 

Cf flap chord· force 

Ha roll - flap hinge moment about 0.26 roll-flap chord 

Na roll - f l ap normal force 

Ca roll - flap chord force 

q dynamiC pressure of free strea~ (~pv2) 
S semispan wing area (27.24 square feet) 

c mean aeroc.ynamic chord (2.69G feet) 

Sf flap area (3. 243 square feet) 

cf total fl&p chord (0 . 744 foot) 

b aca 2 product of rolJ - flar s~an and square o~ root­
mean-square chord of roll flap uft of hinge 
axis (0. J32 foot 3 ) 

J 
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Sa roll-flap area (2. 654 feet2 ) 

\T alrflpeed 

p mass density of air 

and 

a carre c ted angle of attack of \ -ing reference line 

6f flap de!lection, degrees 

5a roll-flap·deflection, degrees 

5 vf flap vane angle, degrees 

5v roll - fl· p vane angle , degrees 
a 

5Cf flap cut - off angle, degrees 

5c roll - flap cut-off angle , degrees 
a 

~f extension of flap , ~ ercent of maximllr.'l. flap 

E a 

R 

extens i on 

extension of roll flap , Derccnt of maximum roll ­
flap extension 

wing chord at any spanwise station (35 . 7 i.nches 
from wing root to wing fold line ; 34 . 3 inches 
at inboard end of roll flap; 18 . 6 inches at 
outbo~rd end of roll flap ) 

radial distancA from wine lip to vane 

distance fr om wing lip to leading edge of vano 
parallel to wing reference line 

radi5.1 distanco frOT!l vane trailing edge to flap 

distance f rom vane trailing edge to leading edge 
of flap parallel to wing reference line 

Reynolds nw~ber (pVc/~ ) 

l\jach numbe r ( V Iv c ) 

~ coefficient of viscosity 

Vc sonic ve locity 
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A~rARATUS AND TESTS 

'I1he O. 30-scale semispan model of the XTB2D-l airplane 
wing and fuselage combination , const.ructed by the Douglas 
Aircraft Corporation, is shm'ln in figure 1. The arrange­
ment of ·che end plate furnished by the NACA and the 
location of the model with respect to the tunnel is shown 
in figures 2 and 3 . 

Figure 1 shows that the wing, which was built 
~round modified NACA lo¥ - drag sections, has rectangular 
center sectiolls aYld the outer panels are tapered 2:1. 
The leading edge of the wing is straight and there is 
120 geometric dihedral in the outer panels. The model 
fuse l age did not e"lCactly conforn to the shape of the 
prototype but was similar in size to a scaled model of 
the airplane fuselage . 

'Ihe wing and flaps were constructed of mahogany 
reinforced with steel; Whereas, the vanes were made of 
solid steel . The surfaces were kept aerodynamically 
smooth by filling surface discontinuities with cracK 
filler and glazing putty and finishing with carborundum 
paper . 

The end Dl nte was constructed of a basic ste~l 
framework to vhich was fastened e-inch plywood. The 

gaD between the fuselage and the end plate was held 
at approximately 3/8 inch . 

Figure 4 shows the following items that were 
attached to t1e model for various tests: vane-bracket 
covers , wing- fuselage fillet , partial end-plate seal, 
and a flap wedge which either moved with the flap or 
was held in a retracted position. 

Figures 5 and 6 show the inner and outer sections 
of the 25 - percent chord, full - span, double-slotted flap. 
Also included in these figures are the small and large 
chord flap and roll-flap vanes which were supplied with 
the model . 

Figures 7 and 8 show the various attitudes of the 
Douglas fIall - purpose full - span fla Sll which were tested 
on the semispan model. For take-off, landing, maneuvering , 
and attitude control , the flap and roll flap operate in 
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th8ir full y extended pos~.tion~ the deflection of the flap 
me'T 1:.1e anywhere "between 70 and 550 and the neutral 
defl.ec.tion of the roll flap (from which it operates as 
a 19.teral- control device; is between 70 and 300 • The flap 
and roll flaY,) de f 1. e ct toge t her from 70 to 300 • At 300 

the roll f lap has reached its maximum deflection as a 
h.Lgh li.ft device 6 wl-tereas , the .flap may continue to a 
deflection of 55 . Th e existing design is s uch thut the 
deflection of the flap and roll flap shall be dictated 
by the hinge moments acting on th8 surface. 

In orde r to D-,-'ovide for br-akinb in a d i ve, de ce 1-
erating , and e vas i ve maneuve ring , the flap may be 
deflected tonega ttve angles in its fully extended 
position . ~or this flap configuration the roll flap 
may be either in its retra cted or extended position . 

In an a ttempt to extend the low profile - drag 
range b. increasing the wing camber, the full-span 
flaps coul d be deflected to 100 in their retracted 
position . 

To obtain the optimun position of the flap ) studies 
were made with the f l ap deflected 55 0 in its fully 
extended position . The six par ame ters , which were 
i ndependently varied in obtaining the be st lip-vane ­
f l ap location, are shown in figure 9 . 

The characteristics of the flaps were i nvesti gated 
fo r t he [ollowllg t hree c onditions: 

1 . Deflection of the flap and roll flap to positive 
angles for the landing and t~ke - off attitude 

2. . Deflection D.f tIle f'la'q to ncgati ve angle s for 
the air - brake condition 

3. Deflection of the flap and roll flap to positive 
angles , in their retracted position, to obtain 
e ffe ctive cambe r change. 

To facilitate further d iscussion a tlst andard -mode l 
configuration Tl is set up whic ... consists of the following 
component parts: 

1 . Wing and fusela e 

2 . Small chord vanes 

3 . Flep wedge movi ng with flap 
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'1'he mooel was altered from the standard configura t.1_on 
during the investigation by 

1 . Ii partial Blld-plate 8081 which extended aro'md 
the froat portion of t"lJ.e fuselage from the 
leading edge of t:1e wing on the top of the 
fuselage to the trailing edge of the wing 
on the bottom of t"lJ.e fuselage 

2 . A comple te end - pla te se:al '/hich was s lmilar to 
tho partial se~l but extended aft of the win~ 
on both the top and bottom of the fusel~go 

3 . Large chord vanes 

4. Flap wedge held in a retracted position 

5. Wing- f _8elage fillet 

6 . Vane - bracket covers 

7 . A spoiler on the leading ed~e of the flap 

Stall studies of the complete semispan model were 
made with the flaps retracted and fully extended. 'rhese 
studies were recorded by visual observation, still 
pictures , and moving ictures 9f tufts located at 
approximately 20, 30, 40 , 50, bO , 70, 80, and 90 percent 
of tho wing chord and spaced about every 2 inc~es spamvise. 

The majority of the tests were :nade at a Reynolds 
numbel' and Mach number of approximately 5,200,000 
and 0 . 12 , respectively . All tests were ;::lade through a 
sui t able angle - of - attGock range with the air in the tunnel 
compressed to approximately 2~ arrllospheres. These tests 
are out l ined in detail in table I. 

The aerod~amic forces and moments were measured 
by means of a six- component simultaneous recording 
bal ance system . The flap and roll-flap forces and 
moments were measured by electrical resistance-type 
strain gages . 

All results were reduced to standard nondimensional 
coeffic ients converted so that the coefficients apply to 



the compl ete wi..ng . The pitching moment applies to a 
cente!' - of- e;ravi ty location in the plane of sytm:letry at 
25 percent of the mean aerodynwdc chord and i3 referred 
to the wind axis . 

No corrections were made to the data for the 
effects of drag and interference of the model suppo~t 
system . Therefor-e , the va:::"ues of lift , drag , and 
pi t ch:i.ng- moment coefficients include the amount caused 
by such effects . HO\7ever, the incr '~ments in these 
coefficients duo to fJ.ap deflection may be taken to be 
correct , neglect!ng t~e small Increm0nts in the tare 
v&.lues due to the flap c.eflections. 

Sorr ections were made to the drag coefficients to 
account fOl~ jet - boundary effects . The corrections made 
to the angle of attack wef'e air- flow misalinement and 
,ie t boundary (including streamline curvature) . No 
corrections were applied to the lift coefficient , the 
pitching- moment coefficient , and the flap or roll - f l ap 
hinge moment or force coe f fi. cients . 

The magnitude and sign of the com_ lete corrections 
to the gross data are given in the following equations: 

CD = CD + 0 . 01203CL2 gross 

a = a tunnel + 0 . 788CL + 0 . 30 

RESUL'J.1S MJD DISCUSSION 

Full - Span Flap Positioning 

Flap posi tioning . - The lift and pi tching -molnent 
characterIStics of -[he model, obtained by varying each 
flap paI'ame ter ( fig . 9) independently, are shown in 
f O.gl..lre 10" For this investigation the flap was deflected 
55 0 and the roll flap 300 • It is appreciated that the 
method of positioning the flap and vane, whereby the 
parameters are varied only once , might not give the 
optimum arrangement ; but duo to time limitations , the 
method used was considered sufficiently accurate . 

In f i gure 11 the maximum lift coeffi cient is 
plotted against each of the parameters . It is indicated 
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·i.,hat the maximum lift coeff:Lcient does not decrease l~lore 
t}:-'.an (). 01 from the optimum val ilF3 j f the parame ters remain 
within tte following ~ange3: 

gl O. 012cw . to 0.023 cw 

11 O. Ol)~cw to 0.017c,.v 

g2 O . Ol~cw to 0.Ol7cw 

12 O. 03Jcw to O,,03bcw 

OVf ;::gO to 39
0 

Inhere Cw - 35 ·7 inches . 'rIle cut-off angle OCf does -

not apnear cri tical but, as the curve is ba"ed on only 
two poj.nts, it is best to l~mit t.he optimum position to 
a sin'51e dngle ,. 380 • 

The date: indicate that anyone flap p<.lraJneter on 
the aJrplane could be changed at least 3/iG inch from 
its optimum position alld not decrease the value of the 
maximrnn lift coefficient by more than 0.01. 

Effect of roll - flap positioning.- The results of 
positIoning the rollITap for highest lift coefficient 
compatible with optimum rolling effectiveness are 
presented in reference 1. 'rhese positioning tests 
were made with the roll flao deflected 300 in its 
fully extended posi tion . Figure 12 sho·vs a comparison 
of the aerodynamic chaY'acteristics of the model for the 
roll flap located in its predetermined and optimum 
positions. In both cases the flap was deflected 55 0 

and the flap para'11e ters we re located in the ~ r optirum 
position . The results show that the maximum lift 
coefficient was only sightly increased and the drag 
coefficient was slightly decreased vlhen the roll flap 
was changed from Its predetermined setting to the 
optimu."l1 setting arrived at from this invest!.gation. 

Effects of Miscellaneous Items 

Scale e.i.~fect .- The effect of change of Reynolds 
and l~ach nu'Uber on the lift, drag, and pi tching-moment 
characteristics of the model with the flap and roll flap 
deflected 55 0 and 300 , ~espectively, is shown in fig­
ure 13 . It may be seen that there was practically no 
scale effect over the range tested. 
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Effect of vane-'.Jracket cove rs .- Covers ( fi,::; . 4). 
WEre lpstalleao'Ter tbe vane b.cacKe ts for the flap 
posi tioning ru:.1S. The e ffee t of the se covers is shO"lm 
jn figure 14. It is indicated that thei r only important 
offe ct was to iml J.·ove the Ij ft char.s.cteristics 
near CT. • 

--max 

Effect of w:ng- ..L~'lsela~e filleto- In an attempt to 
ir;lpro-ve the lir"tcharo.ctertsti cs- of tho wing, a fillet 
(fig . 4) was L~stalle at ebe wing-fuselage ju..~cture . 
The eff'ect of the fi llet on th lO) aerodynamlr, charac ­
teristics of the ~ode1 is re s 3nted in figlre 15 . The 
fillet increased the M~gle of stall 2 . So and Cr. _ . - ""-'I11ax 
by 0 . 05 . It also slightly increased the drag t hroughout 
the lift r a nge . 

Effe ct of end-plate sealo '- 'rhe effect of a partial 
and complete end -platese&l with the flll - span flaps in 
their fully extended position and a complete end - plate 
seal wi th the f l8.ps re trac ted is shoiovn in figure s 16 ( :3.) , 
16 (b ), and 16(c) . With t~e f l aps extended either seal 
increased the ~aximum lift coeff~cien~ by approxi ­
mately 0 . 1 . In the flaps - retracted c ')nditIon , the 
addition of the seal did not appreciably affect the 
lift characteristics . . 

No aerodynamic characteristics except the lift 
coefficient are Dresented hen t :18 seal was ins taIled 
be c ause of excessive f-'iction be~~'l;3Gn the rubber seal 
and the end plat3 . 

Full - Span Flap Inv6 stigo. tion 

Presentation of rta ta .- The results of tie flap 
inve s 'fig a tion are~Dro ':iente :1 :lerel.n fo'C' various posi tions 
of tile fu:l··span -,"' laps dur lng th'J ex'Lensi on c yc le. 
(figs. 7 and e ) fo r tee fcllowi n3 model c ondi ti ons : 

1. Standard model confIguration ( figs . 17 and 18) 

2 . Standard modsl con~i ~uration ~: th a complete 
OLd - plate seal 8.n d V\ing- fu.301age fille t 
(rig . 19) 

3 . Standard model conri ~urst!on witb a complete 
end - ) late seal 8.nd fl8.p spoiler (fi g . 20) 

- _. -- ~--~~- - --- -~--;---,---
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1j. . ,S tandard mode 1 configura ti on wi th a c omple te 
end - plate seal , fla, spoiler, and large chord 
vanes ( fib ' 21) 

The aerod~lamic characteristics of the wing, flap 
and roll flap are p r esented for the following full-span 
f l ap posi tions wi th the ·node l in its standard con­
figuration: 

r- Ef and E;--- 0;---
°a 

(p8I'C Gnt) (deg) (deg) 

0 0 0 
30 0 a 
50 0 a 
70 7 0 

100 7 7 
1 00 1 0 10 
100 15 15 
100 20 20 
100 25 25 
100 eg 30 
100 30 
100 L. 50 )0 
100 55 30 .J 

Less complete date::. are presented for the other 
three model condi tions . It was be lieved that no 
extensive program should be carried out when the end­
p l a t e seal was installed because of~he excessive 
fri ct ion between the seal and the end plate . 

It will be noted that in conditions 3 and 4 t~e 
standard model confiburation was altered by the addition 
of a flap spoiler ( fig . 5). The spoiler was found 
advantageous during the dive - br ...... ke investigation; 
consequently, the effect of the spoiler was checked 
during the full-span f l ap investigation. 

Maximum l ift coefficient.- The following table 
l:i.ststl'ie vaiue of the maximUm lift coeffi cient for the 
four different mode l conditions (Of = 55 0 , Oa = 300 ): 
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r ., I -.--v;;:;i"7rtTc;~~ ir;';---'I:ilaximum lift[ 
Condi t ion struldard model coefficient 'I 

---l----+--~==::~~~~~~::~::- --- - - (C~~~~) , . 
2 C orJlple te end-pJ ate seal and 2 . 90 

3 

4 

Y!lng- fuselage f:i.lle c 

COl1'1IJle te end - plate seal aEd 
flap spoiler 

Co:nrlete end - plate seal, 
flap spotlAr , and large 
chord vanes 

2.85 

2 . 95 

,---------'-------

Thus ~ it 1s seen that when the end - plate seal 01' 
the l arge chord vane were iDstalled , an increase in 
maximum li ft coef.fic5.er,t is obtained; whereas , the 
.flap spoiler decreases the maxim1l1l1 lift coefficient . 

From the pitching- rr:oment data nreeented in fig­
ure 18(c ), it ': s estima ted that trim.ning the airplane 
will de c rease t 11ese maximum li ft coefficients aDproxi­
ia te 1 yO . 14 . 

Plap effect:i.venef3s. - The va11 la'Clon of the lift 
coeffIcient- wi t l-l"fuli-span flap deflGction at a = 00 

POl" the 'fonr model conditions j.s shoNn in figure 22 . 
It is apparent that there is a loss in flap e ffectivenes s 
betwe3n 300 &nd 55 0 flap deflection for all model 
conditions , exce9t w~en tbe model was e qui ppe d with 
large - chord vanes . It was indicated from some 
1illpubl ished stud~es of the flap stalling characteristics 
that the loss in '-;:'lan effectiveness might be caused by 
the f l ap partially stalling . 

Effecb of spoile . ~ - Figure 23 shows that the 
effectof 'tF'ef'L1P spoiler on t 11.e aerodynam5 c chara c ­
teristics 0 the win& with the flaps in the:r high lift 
attitude , was to decrease the lift throughout the 
angle - of - attack range. ,This decrease in lift was 
accompanied by a c.ecrease in t he magnitude of the 
j)itching m0Y'161 t . The addition of the s oiler also 
decreased the maGnitude of the flap normal force and 
chord force but slightly increased t~e magnitude of 
the flap hinge momont . 
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Effect of flap 'Ivedge. - rrho eff3ct of the flap 
w:dge ini-Gs-:-i~·8rY'8.c-fe(1 and extended !loai tlon wi th the 
flau and ~o~l flap deflected 55 0 and JOO, resp9ctivel]) 
i1 ... -I:;11eir flllJ ~ oxtended position is shown in f:.gure 24. 
1m illCI'e3.Se in dl'8g , VJ:tth tre f18.p wed€:,c 0xtended 3.ild 
at 55 0 , was the only marked ef:'oct that occurred. 

Eifect::.ve c[',mbol' chang:ing ~e8ture.- The ael'odynumic 
chara.·cterTsJcics of'-rho win'r,-f·l.'J..p~and re~l 1'1'10 are 
presented ill fi'3ure 25 for the CRses wLere the full-span 
flaps were dEf'lo,ctod to aporoxtmately 0 0 , 5°, and 100 in 
their retrJ.c ted pos i tion . It was desire,i ~hat the small 
flap cleflectio"1s v,ould ef "p,cti v01y increase t:18 win3; 
Cc.mb3l' and thus reduce t~e drag at c"le lift coeff icient 
for best climb , ceiling, and range. It is shO"ll1 t:t.at no 
drag reduction 'VB.S 08calned exceTlt above a lift coeffi­
cient of approximately 1 . 1 . 

Stal ling c~laraccerist~.cs . '~ 'l1he stallL1g charac­
teristics 1'or ~he co'ndlTfo"'i'S'"'of I'lap neutral and full ­
span flaps Cleflected are uI'esent8d in figure 26 . In 
""'enernl , the stalling characteristics of t'l.e semispan 
Liode l may be adjudged satisfac t orll:~~. The stall starts 
near the wing- fuselaoe juncture at tho trailing edge 
a:1d sp:C'eads fer vard and outboard on the inner pane 1 
o .~' t'1e wi!lg. OVGl' the range te s tAd, tr.e roll flap 
showed no indl ati on of stal.ling. With t:1e fl..:ll-span 
flap s defl ected , 2o~tion of t~e fla~ remains s0alled 
1.mti l the wing stnrts to stall . This aCCOl.mts for t"'1e 
hook in the lif~ curve close to the stall. 

'1'heso stall ~ng characteristics we""e obtained by 
observ~ng wool tufts attac:18d to the model. The 
Tlresence of the tn.fts had 3. oe trhlent8.1 effect on the 
lift coe fficient . It is believed, h0'\7e,:er, that the 
stall orogression noted with tufts on is ind~cative of 
ttle s t all which weuld occu"" when -!-here were no t'J.fts 
attached to the wing . 

Air - B'Y>ake Investig3.tion 

'rho specifiAitions, 1'0 ... ' the brakes on the XT'G2D-l aL'>­
plane , sLpplied by the Douglas AIrcraft Corporat~on, 
state that the brakes shall 2.ilrit the speed to 425 'TIiles 
nBr ho~r indicated airspeed in a SOO dive . Reference 2 
indi c ate s that a tor.:.edo bomber sL.ould lose speed as 
rapidl'r as pos,_i ble ·:J.nti l a speed of approximately 
165 mi ,es per hour is reachod during a torpedo attack . 
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otter ~lrp~2ne characteristics caused by the application 
of the air brake ~hich require consirleration aro (1) that 
atti tude and trim challges 3]:.l.all be small and (2) t}1e 

· hinge - moment chqract8rjsttus shall tend to keep the 
l)I'akes ln a closed pos! tion and pr031"'essi voly increase 
the .force nece s aary te· open the brake s . From the 
structnral staYld;>oinb of th.6 air}Jlane it was desired 
that the air -bra~e cYJle p~oduce (1) no decrease in 
lift at a p&rttc 'lar ~n Ie of attack or increase in 
angle of attack at a particular lift coefficient in 
order to iW3L:re that tr8 :J.erodync.mlc loads do not 
shift from tbe inner to the outer winG panel , (2) no 
increase in tC3 J"1agnltude 01' t 11') pitching moment to 
prevent the (own loads on the hOlizontal tail from 
be com:i.ng excess! ve ,'ll1d ( 3) flow seuaration on the 
lower surface of the flap to reduce the maenitude of , the 
lOads on the flap . 

'rhe charB.C te1'is btcs 0 ':' the Vlinl and the air bra {e 
for several flan defJ,.ections at various points in the 
hrake extension cycle (fig . 7) are presented in fig ­
ures 27 thr01.gh 55 . 1esu1ts are shown for two cases : 
(a) norma l flap configuration and (b) flap equipped 
with a spoiler . 

A comparison of these two c.';3,ses, in the fully 
extended position of the br~ke, showed that t~e addition 
or' the spoiler renuced the normal fa ' ces acting on the 
flap by causing the flow over the lower surface of the 
flap to se.arate . The effect of Re ynolds m:mber on the 
characteristics of the air brake, deflected -15 0 in its 
fully extended posi ti on wi tl tl-'.e leadi ::-lg - edge spoiler 
off , is sho ,vn in figures 30(a) and 30 (b). 'lhese results 
. ndicated the desirability of obtaj.ning all further d'ta 
relative to the air brakes for thin airplane at the 
highest possible Heynolds num er and with the spoiler 
attached to the flap . 

For the condition of zero lift coeffiCient , the 
variation of incroment of pitching- moment coefficient , 
drag coefficient , and angle of att&ck with flap deflection 
dur'ino the brake cycle is si"lown in figure 36 . -Ni th the 
spoiler on the flap the dr3.g coefficient is increased 0.077 
at a flap deflection of - 5L~O . If the !lap follows its 
design ,ath (fig . 36) to a deflection of - 540 , there is 
a maximum ch.:lnge of 20 in the angle of attack and 0 . 063 
in the pi tching-mol"wr..t ,oefficlent. 
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rl.3ure 36 aJso shovVs that c9t'··Ll.5° nap defJection 
there 1s £. ne l~G. ti VG pi tchi:r!J - moment C oe"f '1 cient change 
w:11r;L f"t.J.r ~:tl er increase s the r10Fn load on t.he tL.:i 1 and 
V-lat above a f:La 'ief1ection of app:.'oxi,no.tely -11.[:/' 
there is a positive change in tte argle af at~ac~ TIhich 
:.auld. in<11 ca te tbat the aercd.~mamic loads are sni ftir:.g 
to the outer w-:.ng pallel. Both of these ch 4.cnges at'e 
s t ructurally ~:s&dvantageous an~ the design path of the 
flap may Lave to be altered. 

The hingo - rr:oment c~1aracteristlcs shown in fig -
ure 35(b) in1.i c Ctte tLat ~lle .)ral-es \iould tend to romain 
closed in the high·-speed cond"l-c~on an.d t~H't if thcl'E' was 
no appre ciable char:.ge in the a ttl tude of the alrpL .. D3 
dnrine: the braxe c:rcJe a progressi vely increasing .force 
i s necesnary to open the bra~es. 

The effect of the l arge chord~flap vane on the 
charac teris t ics o~ the wing and flap w~en th9 flap is 
in i t s fully extended air - brake attitud.3 is presented 
in ~igure 37 . 'The informa tiGn 8. vailable i 3 in::,llfficient 
to predict what effect thE:: l1r':.;e chord vanes would have 
on the complete dive - brake characteristics but it .:.s 
ap~arent that they would increase ~le drag increm3nt . 

Preliminary ca l culations ha ve been mG.de of the 
effe c ti V01l8SS of t~e bra:m for a:;;;plicatioll to the 
XTB2D-l a1 rpl::me. TVIO condi tlens nr.. \'e been analyzed: 
(1 ) the level a r proach to a t arget at se'3. level and 
(2 ) a 500 dive approach from various altitudes V.p to 
20} 000 fee t . ~he firs t condi tim1. "'NUS anal vzed by me 'ehods 
described in reference 3 al.d. for the second condition 
referenc e 4 was utilized . J.'hv l'esul ts of t" r 398 caleu1a­
tions and the assumptions made for the calcul3.tions a.re 
resented ~ith the following tCtbles: 

LEV~L APPROf::::H A ':" S~A LEVEL 

Wing loading , pounds per squar·o foot • ... . . .. .... .. .. 56 
I n i t ial velocity, mi l es :'Jer hour .. ... . ........ . . .. . 300 
Brake drag increment ........•• • . •. • •.. .. .. . . . ..•. 0.077 



AS8 lffie t~rot~Je setting remains constant 

I---" --;;~~ v~~~e l' - -- -,-D i3 ta:-~ ,- ve 1 oc i t';-l 
bra~;:e I tra-.ve ~ed I (mph) . 
(S9 C) (yd) I 

-~ - ._ --- --- .-+----- --- .-f------

o I 0 I 300 
5 690 II 270 

10 1320 I 245 
l~ 1070 22~ 
20 2h15 ' 205 I 
25 2890 I 190 
30 j340 I 175 I 
35 ___ i _ 377 0. __ 1_ .. ___ l~~ __ ._ . 

I 
L .. 

These calculations ind1.c&te that with tlle brakes 
set at -540 it VQuld take 35 seconds to decrease the 
speed of the &irplc::..ne froJ'!'" 300 to 165 miles per hOl.,r . 
In this tirae interval tIle airplane would have traveled 
:~ mi les 0 

500 DIVE APPRO\CY 

1!ling loading, pou-"1d s per squar-e foot ••..... . . . ...... 56 
In:l. tial velo"ity, mi les per hour ................. .. 200 

Brake drag increment . . . .....•..•...•••.........•. 0.077 
AS .'3ulTled airplane drog .... .. • • •• •.••... .........•. 0.035 
Drag available for braking . ...••.... .... . ......•. 0 .112 

It was ass'U'ned that the variation of airplane profile 
drag with Ma ch number for the ZTB2D 1 airplane was the 
saMe as airplane B of reference 3. 
,------------ -- --,.--- ._--
I Height , h, at which True velocity at 
. dive is st~rted b = 0 
~ ( ft ) (mph) 

I 
Spoo 375 

l~OOO 400 
16,000 L 41") 

I 20pOO __ ~ . ___ 4_2_5 ______ _ 

- I 

• I 
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These results indicate that in a 500 dive stnrted 
at 20 , 000 feet with tha brakes deflected - 540 the speed 
0-:" the a5 rplane 'Nould not exceed }~25 mlle s "!Jer hour at 
sea level o 

CONCLUSIons 

This inve s tigation of ehe ch9.racterjstics of VIe 
fu] I - span flap and. air brake on the 0~30-scale semispan 
model o? the X'B2D- l airplane wing ~nd fuselage crnJ­
billa ti on indic:) te that : 

l~ On tile alrplane any onp fl~p parameter could be 
moved :It least 3/16 inch from its optimu.m setting and 
not de c rease C~ by more than 0 . 01 . wax 

2. A :naximum lift coefficient of 2. c5 was Dbtained 
when the model vas equi.ped with a comulete end-plate 
seal , flap spoiler , and larg8 chord vanes . Cr , was 

de creased 0 . 10 when the small 
It i s estimated that trimming 
additional decrease in Cr 

"'ina."IC 

"'lI1ax 
chord vanes were installed . 
the ~irplane will CUTIse an 
of approximately 0 . 14 . 

3 . Near l y e ver-;l mode l configuration showed a loss 
of f l ap effecti ,Teness betweGn 300 and 55 0 due to a stall 
condition on the flap . 

4. 'rb.e e-,-'fective camber chsngi.ng feature produced 
no dr's.g reduction exce, t above a li1 t coefficient of 
aoproximate l y 1 . 1 . 

5 . The stalling characteristics of' t.he nodel appear 
to be satisfactory either with th3 flaps retracted or 
wi th the f l aps full:T extended. 

6 . For brcking in a dive , decelarating,and evastve 
maneuvering , the brakes produced. a drag coef l'iciel1t 
i ncrement of 0 . 077 at -540 flap deflectlon . During thJ 
bro.ke cycle fr'om fully re trac ted to -540 defle c tion, a 
ma imum change of 2 0 angle of attack and 0 . 063 change 
in pitching- noment coeff::'cient ras encountered . 
Estimates of t.he 8.irplane per'::'ormance wit t:le bra\:es 
deflected - 540 inji cate that) in a 500 d':' ve started at 
200 mi l es per hour at 20 , 000 feet, the indicated airspeod 
w I I I not exceed 425 nii l e s pe"-, hour; it is also ind':'ca ted 
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t~at, at se~- level altitude , t~e time requ~red to 
docreasE; the spe0d of '(be 3.j rpl '3.1.le from 300 to lh5 mll.0 S 

Y) r h0"Ur wOl1ld be 35 seconds o ~nr:i.ng this time jntec7al , 
the a;.rrJ.a·'1e Vio"lln. have travE-l.=-,J 2 miles . 

D'lngl e"lT ~lfem01.'ial Aero l<ilJ.tical La~Joratory 
~fo.tional 'l.d'c:Lsory Com'1"i.tcee for Aeronantics 

LanBley Field, Va ., Septen~er 7, 19W~ 
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C. 
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Clf., CCa 
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F'9uree. .-Arrangement of the O.SO-scale XTBZD-/ semlspan model and 
end-plate In the 19-foof pressure tunnel. 
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Figure 3.- O.30-scale XTB2D-l semispan model mounted in the 
19-foot pressure tunnel. 
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(a) Partial end-plate seal, flap wedge, wing-fuselage fillet. 

Figure 4.- Detail photographs of the O.30-scale XTB2D-l 
semispan .model. 
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(b) Vane-bracket covers. 

Figure 4. - Concluded. 
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