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SUM IARY 

An investigation of a model of a large four-engine 
bomber was cO::l.ducted in the Langley 19-foot pressure 
tunnel to determine the effects of several wing and 
nacelle modifications on drag characteristics and air
flow characterist.ics at the tail. Leading - edge gloves, 
trailing- edge extensions , and modified nacelle afterbodies 
were tested individually and in combination. The effects 
of the various modifications were determined by force 
tests, tuft observations, and turbulence SlITVeys in the 
region of the tall. Te st s 'Nere made wi til fixed and 
natural transition on the wing and with propellers oper 
ating and propellers off. 1':lost of the tests were con-
ducted at a Re~~lolds n~~ber of a pproximately 2 . 6 x 106. 

The results indicated t ha t application of certain 
of the modifications provided worth-while improvements 
in the characteristics of the model . The flow over the 
wing and flaps was improved , the drag was reduced, and 
the turbule nce in the re g ion of the tail was reduced. 

Tr ailing - edge extensions were the most effective 
indi vidual modif ication in i !TIproving the flovv over the 
wing 11' ith wing flaps neutral , cowl and inte rcooler flaps 
closed . Modified nacel l e afterbodies were the most 
effectivv individual modification in reducing drag wlth 
ei ther fixed or natura l trunsi tion on the wing.: however , 
trailinG- edge extensions were slightly mor e effective 
with fixed transition . Coniliinations of eit~er leading 
or trailing- edge extensions and modified afterbodies were 
more effe ctivG than either modification alone. With cowl 
and i.ntercoole r flaps open , trailing -edc;e extensions with 
modifiec. aftorbodies provided substantial improvement in 
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flow and drag characteristics . V;i til 'Iring flaps defle c ted , 
enc los ing the flap bEJhind the Inboard nace lle wi thin an 
extended af t erbody or cut ting the flaps at the nacelle 
appeared to be the most promising ;:le thods of improving 
the flow over the flaps and the tail . Although the 
results of hot - ~Tlre - ane!l1ometer surveys were not conclusive 
in regard to buffet i ng char acteristics, the modifications 
did ~educe the tur~ulence at the tail with wing flaps 
both neutral and deflected . The modifications , as a rule , 
were favorable to maximum lift . Appreciable reductions 
i n longitudina l stability of the model were caused by 
addition of leading- edge gloves and trailing- edge 
extensions . 

I N T ROD U C T ION 

separation of flow over a wing increases the drag 
and has , in a num~er of 1nstances , caused tail buffeting 
because of the irregular nature of the flow at the tai l . 
Several wing and nacelle modifications , designed with a 
view to improving t~e flow over t ~o wing , w~re tasted on a 
mode l of a l arge four - engine bomb er to determine the 
effects on drag characteristics ~~d air -fJow character 
istics at t~e tail . Leading- edge gloves , wing trailing
edce extensions , and xodified nacelle afterbodies were 
t es ted . The characteristic ~ of the basic and modified 
mode l were determined by tuft observations , force meas 
urements , and measurements of turbulence and dynamic 
pressure in the vicin i ty of the tail . Tur bulence ViaS 

measuL'ec1 by means of a hot - wire aner,lometer. The hot - wir e 
anemO!l1eter equipment was furnished by the California 
Institute of Technology and was operated undEJr the direc 
tion of Dr . Hans vi . Liepmann of its staff . The investiga 
tion was conducted in the Lang ley 19 - foot pressure tunnel . 

SYMBOLS 

The coefficients and synbo l s used herein al~e defined 
as f0110ws: 

CL gross lift coefficient (L/qS ) 

IJ.C 
I-max 

incre:nent of maxi:mlIil lift coefficient 
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draG coei'ficient corrected for jet-boundary 
interf8ren~e (D/QS) 

Cm gross pi tCDing - rl1 oment coefficient (M/qSc) 

e
Di 

induced- drag coe!'ficicnt (CL2 /rrA) 
C

Dp 
parasite-drag coofficient (CD - CDi) 

u 

C1. t 

q 

a 

R 

where 

L 

D 

M 

s 

incr ement of parasite - drag coefficient 

thrust disk - loading coefficient for one 

propeller (Te/PV2D2) 

root - mean-square value of the deviations, per
pendicular to wind ~is, of instantaneous 
local velocity from its mean value 

mean value of in3tantaneoU3 local velocity 
along w7nd axis 

local dYl1ill!lic t)ressure at tail 

free - stream dynamic pressure (~v2) 

angle of attack of wing corrected for jet
boundary interference 

wing-flap cieflection measured from neutral flap 
position 

Reynolds munber (p-V-c/\l) 

lift 

drag; propel ler dianeter 

pitching moment about center of gravity 

effective thrust of one propeller 

wing area (22 . 219 sq ft) 

J 
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c 1:18an aerodynamic chord (1 .4)-tlJ- ft) 

/ 2 \ 
geometric aspect ratio ( bS = 12 .8) A 

b wi ng span (16 .875 ft) . 

v velocity in free stream 

p ma s s density of air 

c oefficient of viscosity 

!VI 0 DEL 

The g e neral arrangement of the model is shown in 
figure s 1 and 2 . The mode 1 -.vas of v'lOod and me tal con 
structiml and was f i nlshed wi th lacquer . pertinent 
dimensions are g iven in tacle I . 

The v-llng had Davis a:i.rfoll ~ectiorJ.s, 22 . 9 percent 
thick at the ~ oot and 9 .3 percent thick at the tip . The 
ma.'{imum caElber r;as a pprox imately 3.4 perc e nt of the ch :)rd 
at the root s e ction and 1.4 percent at ths tip. The 
location of the maximum camber V1as constan t across the 
span at 31 .5 percent of the l ocal chord . The geometric 
aspe c t ratio o f the wing was 12 .8 and the taper ratio 
was 3. 077:1 . 

The horizontal tail had no movable elevator. The 
verU_ca l tai l VJas off during all the tests . 

The installation of the cowl flap s and intercooler 
exit flaps is shown in fi gu r e 3 for their deflected posi 
tions . ':'he cowl flaps extended from the top of the 
cowling to a po i nt slightly below the nacelle center l i ne . 
The intercooler cooling- air exits were located on the 
upper surface of the wing . 

STAnDARD CONFIGURATION 

The standard nace l le afterbodies (afterbody 1) a r e 
shown i n figures 3 and 4 with wing flaps neutral . No 
part of the nacelle afterbody is on the upper surface of 
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the ,".ring near the trailing edge . The extreme end of the 
stanclard afterbodies was attached to the lower surface 
of the wing flap s and deflected .with the flaps, as shown 
in figure 5 . The wing flaps were of the Fowler type and 
consisted of inboard and outboard sections. Ordinates 
for the inboard section ill'e g iven in ta~le II. At the 
inboard nacelle , the nose of the flap wa s 2.4 percent 
wing chord ahead of and 2 . 9 percent wing chord below the 
trailing edge of the wing . 

MODIFI CATIONS 

In an attempt to delay separation of ai r flow on 
the wing in t le cruise condition , t~e original wing chord 
was extended in order to reduce the peak pressures and 
adverse pressure gradients . Leading-edge gloves (fig s . 6 
and 7) were buil t to NA CA 64- serie s ordinate s modified to 
fair into the or i ginn l Davis airfoil sectIon. The glove s 
extended the wing chord 10 percent between ths fuselage 
and the inboard nacelle and tapered to the original 
leading edge a t the outboard nacelle. Because these 
g love s were added to the orig i n al wing , a perfect contour 
c ould not be forme d wher e the g loves faired i nto the wing . 

The trailing- sdEe extension was a thin metal strip 
attached t c the flaps and deflected down 110 from the 
lowe r surface of the f laps . '2:'11.e extensions vlere deflected 
down 1 0 to 2 0 from the wing chord lines. The installation 
of the extensions is shoifn in figure 7. Extensions of 
two dj fferent spans and three different chords wer s tested . 
Extensions attached on ly t o t he inboard flaps ar e deSig
nated 0. 3 span, and extens ions attached to both inboard 
and outQoard flaps are des i gnated 0.6 span . The chords 

v!ere l~, 2~, and 3 inches . Unless otherVlise specified , 

the ter ::n " trailing- edge extensions l! <iesignates the l~-inch
chor d extensions attached to both the inboard and outboard 
flaps. 

The i nstallation of the various modified nacelle 
afterbodies with wing flap s neutral is illustrated in 
fi gure s S to 10 . DrawinBs of the modified ':l'1ce lle after 
bod.l.e s are given in figur6s 11 to 13. Ai't E:x·c ·-·clF, g 2 
and 3, shown in figlJre 8 , were attached t c t~9 -t rl'-) oard 
n ace lles only and di f fered mainly from the s~alld~rd 
afterbody in that they had a 1airing on the upper surface 

----~- ---------
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of the wing . Afterbody 4 (figs . 9 and 12) w~s a beaver 
tail afterbody with a small fair' i':1g o~ the uppe r surface 
of the wing . Afterbody ') , sh01.'JD in figures 10 and 13 , 
was faired on the upper surface ofehe wing forward to 
the intercooler air exit . The lower part was extended 
in order to obtai~ a better a!terbody s~ape . 

The installation of the deflected flaps with inboard 
nacelle after:)odies 4 and 5 is shown in fiGures 14 
and 15 , res pec tively . Wi th afterbodies 4, tests were 
made with the flaps cut out below the afterbody as shown 
in figure 14 and als o with the flaps· not cut and extending 
below the afterbody . Inboard afterbodies 5 enveloped the 
cent e r part of the deflected flaps , and the flap - nacelle 
juncture was fair e d with plasticine as shown in fi gure 15. 
The tips of the modified afterbodies did not deflect with 
t i.'1e flaps . 

A d ouble slo::t ed , or vaned , f1ap (fig . 1 6) wa s 
tested in an attempt to i mprove the a ir flow over the 
flap. The outside contour and the installation of the 
flap and vane cO:"i1.bination we1'e t he same as for the 
original Fowler flap . Th e ordinates for the double 
slotte d flap are b iV8 ~ in t able II . 

A P PAR A T U S AND 

Tests of the mode l were made for t wo basic conditions: 

(1 ) Cruise condition - wing flaps neutral, 
c ow l and intercoole r flaps closed 

(2 ) Landing condition - wing fla p s deflected 400 , 
landing gear down, cowl and intercooler 
flaps closed 

For the c r uise condition , a few t e sts were also made to 
determine cha racteristics with cowl and intercoole r flaps 
open . 

For the c r uise condit i on , tests were made with the 
model in the standard confi gur a tion and with leading - edge 
g love s, trailing- edge extensions , and modified nacelle 
afterbodies . For the landing condition , tests were mad e 
with the model in the standard confi gur a tion and with 
modif i ed i nboard afterbodies and modified inboard flaps . 
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The c mvl fJ.aps in the open poal tion Viere cieflected 100. 
When the intercooler flaps were opened, the exit gap was 
increased 7/16 inch, which corresponds to the maxir.1Um 
deflection of the intercooler flaps. The air flow throug.."l 
the nacelle was adjusted, with the model at an angle of 
attack of 50 , . to provide a pressure drop of approxi
mately 0 . 75q through the cowling witb. c9wl flaps open 
and a preBsl~e drop of approximately 0.b7q through the 
intercooler ducts with exit flaps closed. 

For a flap deflection of 40 0 , the main landing gear 
was down; however , no provision was TI:ade for simulating 
open landing- gear doors . For flap deflectio~s of 00 
and 100, the landing gaar was removed. Most of the tests 
were made with the horizontal tail off. The vertical 
tail was off for all tests . 

PO'Ner condi tions were simulated by rna.tching the 
thrust coefficients of the model and airplane at each 
lift coefficient . The variation o£ thrust coefficient 
with lift coefficient for sea- level power conditions is 
presented in fiGlITe 17 . The thrust coefficients for 0.4 
normal rated power at sea level correspond closely to 
those for cruising po'::er (0 . 6 normal rated power) at 
25,000 feet . The propeller blade angle at 0.75 radius 
was 300 . 

It VJBS believed 'that transition from laminar to tur 
bulent flow on the airplane wing would occur at approxi
mately the location of ble front spar. In an attempt to 
make the results of the model tests more representative of 
flight conditions , most of the tests were made with the 
transition fixed at n chordwise 'station corresponding to 
the spar location . The transition was fixed by placing 
a strip of 60- gl'ain carborundu..'TI on the upper ar..d lower 
surfaces at the 10-percent-chord station of the original 
wing section . The width of the strip between the fuse
lage and the outboard nacelles was approximately 3/8 inch 
and tapered to approximately 1/4 inch at the tips. 

The character of the flow over the wing and the 
nacelle afterbodies was determined by observing the 
behavior of tufts , which were attached to both the upper 
and lower surfaces of the wing and nacelle afterbodies. 
No tufts were placed abead of the 20-percent - chord sta
ti~n of the wing . These tests were generally made with 
fixed transition and with propellers operating at 
0 . 4 normal rated power; however , a few tests were made 
with natural transition and with propellers off. 
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Forc e and moment character istics wer e measured by a 
six - component automatically recording balance system . 
Lift and drag were measured for all configurations . The 
effect s of leading - edge gloves and trailing- edge exten
sions on the long itudinal stability characteristics were 
de t e r c ined wi th the h orizontal tail on (elevator neutral) 
for several power condi tions. 

Mea sur ements of the air - st~eam turbulence were made 
at several spanwise stations along the elevator h inge 
line by means of a hot - wire anemometer . The basic pr in 
ciples of operation of this instrument are described in 
reference 1 . The turbulence measure:nents were supp l e 
ment e d b - measurements of t he local dynamic pressures at 
the tail obtained from surveys wi th a ralee of six pitot
static tubes . All sUY'veys we re made wi t h f ixed transition 
and wi th t he prope ller s operati~g at 0 . 4 normal rated 
power . 

All tests we r e made with t he air in the tunnel :;om
press e d to an absolute pressill~e of approximately 35 p ounds 
per square inch (p ;::: 0 . 00558 s lug/eu ft). Most of the 
tests were made at a Re ynolds number of apprcxi -

r 
mately 2 . 6 x 10° and a Ma ch n umber of 0 . 12; however ' 6a 
few t e sts were made at a Re;yno l ds number of 3 . 9 x 10 
and a I\~ ach numbe r of 0 . 18 . 

RES U L T S A N D DIS C U S S ION 

The r e sults of the i nvest i gation are discussed from 
the standpoint of (1) flow over the wing and flap , 
(2) flow at the tail , (3) drag and lift , and (I) long i 
tudinal stab i lit y . The characteristics of the standard 
mode l and the effect of t he various modif~c at ions are 
shown for the cruise and landing conditions . 

Jet -bolli~darJ corr e ction s have been a dded to the 
ang l e of attack , drag coefficient , and the vertical p osi 
tion of the survey points with respect to the elevator 
hinge line as follows : 

I:!.Q = o . 654cL 

(ICD - 0 . 01 06°1 2 -

b,z = - 0 .13C-
L 
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where ~a is in degrees , ~z is in inches, and z is 
the vertical position of the survey points with respect 
to the .elevator hinge line . No corrections have been 
applied to the data for the effects of model-support tare 
and interferenc8 or for air - stre~~ misalinement. 

FLOW CHARA CT2RISTICS AT THE WING 

The results of tuft ob servations that show the char
acter of the flow over the wing , flaps, and nacelles are 
gi ven . 

Cruise Condition 

7he stall pro ressions of the model in the original 
and modified configurations with wing flaps neutral are 
[':i ven in fig;ure s 10 to 22 for cowl and interc ooler flaps 
closed . The values of lift coefficient at which separa
tion first occurred on the wing are g iven in table I~I. 
Diagrams showing t he flow over the wing at a lift coeffi
cient of approximately 0 . 8 are presented in figure 23. 
stall progressions for the model with cowl and intercooler 
flaps open are rriven in figure 24. The propellers '-lere 
operating at 0 . 4 normal rated pOVler and the transition . 
was fixed at 10 percent wing chord except for two tests 
of the standard model . Diagrams are presented to show 
the 81'fect of power and the effect of removing the transi 
tion strip on the wing. 

standard configuration . - Vlith cowl and intercooler 
flaps closed, propeller s operating at 0.4 normal rated 
powE::r , and transition fixed , the initial stall on the 
wing occurred at a lift coef'ficient of about 0 . 63 with 
the model in the standard or original confi8uration 
(fi~ . 18(a)) . The initial separation occurred on the 
rear part of the wing to the left of each nacelle. The 
flow over the ",dng directly behind each nacelle was rough 
but not separated for most ang les of attack. ~ith 
natural transition (fig . l 8(b)) the stall patterns were 
about t he same as with fixed transition but the initial 
separation occurred at a 11ft coefficient of about 0.91. 
~ ith propellers off and transition fixed, the initial 
separation occlrred at about the same lift coefficient 
as with the propellers operating , but at . higher lift 
coefficients the area directly behind the inboard nacelles 
wa s stalled (f1J . 18(c )) . 

J 



10 NACA ARR No . L5J05 

separated flow like that i ndicated in figure 18 
produces an increase in drag and could cause buffeting . 
The purpose o f the modifications was to delay this s epa 
.ration and to cause a general improvement in :r low through 
the cruising rance (eL = 0 . 6 to 0 . 9). A sUbstantial 
i mprovement in flow over the wing was obtained, as shown 
in fi[';ure 25(a), by d8flectlng the wing flaps 100 • The 
drag , however, wa s i ncr eased . 

Chord ext~.E_siOl~~_ .- Chord. extensions delayed the 
initial se paration and i mprove d the flow over the wing 
at higher lift coefficients. 

Leading- edge g l ove s (fig . 19(a)) delayed the initial 
s eparation to a lift coeffic ient 0 . 12 higher than f or the 
standard model . About t he same improvement was realized 

~ l th the l!- inch - chord. 0 . 3 - spa~1 trai ling - edge extensions . 
2 

The 0 . 6 - span trai ling - edge extensions were the most 
effective individual mod ificat ion in improving the flow 

over t he wing . The l! - i nch -chord 0 . 6 - span tra i ling - edge 
2 

extensions (fi g . 19(c)) delayed the initial separation 
to a lift coefficient 0 . 21 highel' t han for t he standard 

mode l. More i mpr ovement resulted from t he 2F, - inch - ch ord 
4-

0 . 6 - span extensions . Su1.:lsequ e nt t ests , however, were 

made with the l~ - inch-chord 0 . 6 - span trailing- edge exten 

sions because t he gr ea t e r i mprovement in flow with the 

2~ - inch extens ions did not seem sufficient to warrant 

the add itional structural c h anges necessary to the air 
plane . In evaluating the i mproveme :1t due to ei ther 
leading - edse or trailing - edce extensi ons in terms of the 
increase i n lift coe ff icient a t which separat i on f irst 
occurre d on t he wing , it should be noted that the gain 
in lift coefficient was par tly due to added wing area. 

Modif ied nacelle afterbodies .- Modified n ace lle - _. 
afterbodies c a used only a sliGht delay in t he initial 
separation but i~proved the flow over the wing . This 
i mprovement is shown for afterbodies 2 a nd 3 by comparing 
figure 20 with figure 18 (a) and for afterbodies 4 and 5 
by comparing fi gures 21(a), 21(b), 22(a) , and 22(b) with 
figures 19 (a) and 19 (c) . Afterbodies 4 and 5 appear to 
be most e ffective . No flow separation occurr e d on the 
lower surface of either the ~tandard or mod ifie d nacelles. 
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Combinations of cho:::,d extensions 8.....'l.d modified nacelle 
a f te r bodies . - Cbordext'ensions :-e ither leading edge or 
tr ai l ing edge , in c ombination vlith ~odified nacelle 
a f ter b odies were more effective in delaying separation 
and in impro v i ng the f low over the wing than were chord 
ext ensi ons or afterbodi es alo:ne . The combinations of 
l eadi ng - edge gloves with af t erbodies 4 and leading-edge 
e:;loves with afterbodies 5 (figs . 2l(a) and. 22(a)) delayed 
the ini tia l separ atton to a l i ft coefficier:..t approxi
mat e l y 0 . 16 hIgher than f or the standard J:11odel. With 
t r ai ling - edge extensions in comb i nation with either 
afterb odies 4 or 5 (figs. 21(b ) and 22(b)), the initial 
separation occurred a t a l i ft coefficient of about 0.91, 
which is approximately 0 . 28 hiGher than for the standard 
mode l. As shown in f i gure 2 1 ( c) , a greater improvement 
in flow was obtained 'Ni th a combinat ion of leading-edge 
gloves , trailing - ed~e extensions , and afterbodies 4. 
s eparation on the iunel' '."ing sections was delayed to a 
l ift c oefficient of over 1 . C. A similar combination with 
afterbodies 5 was on l y slightly more effective than the 
c ombination of trailing- edge extensions with afterbodies 5. 

C m'l~ and intercooler flaps open. - ,'lith the model in 
t h,e standard confi,:;uration , openin~ the cowl and inter
co ole~ flaps caused separation of the flow over the wing 
dire c t l y behind them at all l ift coefficients (fig . 24(a)) . 
The addi ti'on of' trailing- edge extensions reduced the 
extent of the stalled area , as shown in figure 24(b). 
1"ith af t erbodies 4 and trai l ing- edge extensions on the 
mode l (fig . 21~(c)) , the initial separation behind the open 
i nter c ooler flaps VIaS delayed until a lift coefficient of 
about 0 . 55 had been reached . ~ith inboard afterbodies 5 
and t rai l ing - edge extensions on the model, no separation 
occurred behind the open intercooler fl3.ps of the inboard 
nace l les (fir; . 24(d)) . 

Landing Condition 

Stall c~aracteristics of the standard and modified 
mode l with wing flaps defle c ted are shown in figures 25 
to 27 . For these conf i gurations the propellers were 
operating at 0 . 4 norma l rated power, the transition was 
fixed , and the cowl and intercooler flaps were closed. 

s t andard confj.gTation .- VVlth the standard configu
r ation and flaps deflected l,oo ( fig . 25(b)) , the initial 
stall on the vling occurred a~ead OI~ the ailerons and was 

J 
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followed oy separa t ion between the nacelles. For all 
angles of attack and al l flap deflections, separation 
occurred on the part of the flaps blanketed by the 
nacelles . The flow over the lower surface of the nacelle 
and the part of the afterbody t~at deflected with the 
flap was not separated . (see fi g . 26(a).) Removing the 
afterbody tips fr'om the standard model did not iraprove 
the flow over the flaps . It was thought t~at sf?parated 
flow over the inboard flaps combined with irregular flow 
created by the afterbody tips would probably contribute 
most to any tail buffeting . Modifications for the landing 
condition Jere therefore directed to~ard improving the 
air flow at the inboard nacel l es. 

r10difications . - Vith double slotted i:::1board flaps 
deflec ted 400 (fig . 26 (b ) ), the flow over the r l,sht flap 
was not separated but the left flap was stalled, as was 
the standard flap . From t0sts made -lith the afterbody 
tips removed and with power off , the separation over the 
double slotted inboard fl aps at 0.4 normal rated power 
appeare d to be caused by the afterbody tip , which 
deflected with the flap , and the dissyrr.metry appeared to 
be associated with the rotation of the slipstream . Yvhen 
the standard flaps were continuous and were deflected 
through afterbodies 4 (fig . 26(c)), the lower part of 
the afterbody and the surface of the flap below the 
afterbody were stall~ d at all angles of attack. With 
the flaps cut out at lnboar i afterbodies 4, as shown in 
figure 14, no stall occurr6d on the flap or nacelle 
(fig . 26 (d)) . ':1:'he same flow existed 1.'lith trailing-edge 
extensions or- the flaps . With the standard flaps 
defl e c ted vi thin afterbod i es 5 (fig. 26(e)) , the flow 
over the flaps and afterbodies was not separated at any 
angle of attack . Adding trailinG- edce extensions had 
little effect on the flo-,v if the extensions were cut out 
belovJ t he nacelles (fig . 26( f)) . 

The most promising methods of those investigated 
for improving the flow over the flap were enclosing the 
f'lap rear of the in~oard nacelle within afterbody 5 or 
cutting the flap at t he nacel l e . Trailing- edge exten
sions and modified afterbodles , to a lesser extent , 
delayed separation on the inner ',"dng panels and thus 
&ggrava t ed the tendency toward early tip stalling indi 
cated by sta ll studies of the standard model. This 
effect could be minimized by reducing the wing- flap 
defle c t i on . 

-----------
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FLO~ ~tlARACTERISTICS AT THE TAIL 

The results of turbulence surveys at the tail are 
presented in fi gures 28 to 31 for the standard mode l and 
for several modifica tions . Dlagrams showing t he flow 
characteristics over the wing for conditions at which 
surveys were made are given in fi gure 32. The turbulence 
data are presented as the variation of root-mean-square 
value of the vertical velocity deviations with vertic a l 
distance for several spanwise stations. Ax ial velocity 
deviations were of the same order of magnitude as 
vertical velocity deviations . Eaximum value s of the 
velocity deviatlon are several times the root-mean-square 
values. The vertical velocity devia tions may be inter
preted as ang l e -of-att a ck changes ; for exampl e , a value 

of j v2"/u of O . O~~ i s equivalent to a root-mean-square 
ang le deviati on of slig~tly ove r 20. 

Buff e ting t endencie s are difficult to e valuate 
quantitatively because the root-mean-square deviation 
indicates n e ither the l a r ge fluctuations that may occur 
nor the frequency . Both of these fac tors play an impor
tant role in deter mining buffeting characteristics. The 
main value of the d ata presented is the indic ation of 
the effects of the modifications on t he turbulent wake . 
The curves indicate the normal wake of the wing and 
nacelles by an increase of turbulence. Beyond this main 
turbulent wake, the r e are s mall peaks that define the 
edg e of the slipstream . 

The variations of local dynamic pressure with ver
tical distance for the standard model are indicated in 
fi gures 33 to 35. The curves sho'.lv increases in dynamic 
pre s sure due to the s lipstream and depressions due to 
wing or nacelle wake . Tll.e point at which the maximum 
de pre s sion occurs h as b een a ssumed to be the center of 
the wake. The variations of wake - center position with 
lift coe f'f icien t are g ive n in f i gures 36 and 37 for the 
standard and mod ified models . Except for displacement, 
the modifications change d the prof i l e of the dynamic
pressure wake very little. 

The vertical position of the peak values of turbu
lence agree closely with the position of t he dyna~ic
pressure wake centers. The vertical extent of t he main 
turbulent wake is roughly t he same as that f or the 
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d~rnamic - p::,e8"'ure wa\:e . A comparison of the turbulen80 
and dynamlc-pr8ss1J:re - Sl1.rvey data indicates that only a 
sli~lt amrnlnt of turbulence is produced by the slipstream; 
the gre8ter part of the turbulence is produced by the 
wake of the wing and nace l les . 

Cruise Condition 

s tandard conf1:..t3.uration . - ?OT' the standard model with 
cow l and interc ooler flaps cl osed (fig . 28) , the large st 
t urbulent wake and the maximUln turbulence occurred at 
stations 13 inches right and 27 1nches left of the fuse 
lage center line , which are be~.1ind s t&lled parts of the 

wing (f ig . 32) . The maximnrn value of J v2/u obtained 
with cowl and intercooler flaps closed was 0 . 04 . As shovm 
in figures 28 and 33 , the variations of turbulence and 
dynamic pressure are d i fferent on thG left and right 
sidGS of the fuselage center line . The orowth of turbu
lence on the left side from the hish - speed condition 
through the cru1se condition is illustratGd in figure 29 . 
At stations to the r5.ght and left of thG inboard nacel l e 
(13 tn . and 27 in . from fuse l aGe center line) the turbu
lence increased with i ncreasing angle of attack . Direc t ly 
behind the nace lle , the turbulence decreaseo slightly as 
the angle of attack increa"'ed from 4.40 to 7. 60

• With 
increasing angle of attack , the wake centers moved up in 
re l ation to the e l eva t or hinge line (figs . 29 and 36) . 

Combinat ions of chord extGnsions and modified nacelle 
afterbodiGs .- The effects of modifications , in general , 
were to red~uce the extent and magnitude o.f the turbulence 
and to disp l ace the who l e turbulent wake downvard . As 
shown in figure 28 , the grea t est reduction in turbulence 
'flaS obtained with afte r bodies 4 in combination with 
trailing- edge extensions . ThG combination of after
bodies 5 , trailing- edge extensions , and leading - edge 
gloves was som~what less effoctive; and the combination 
of afterbodies 5 and t rai l ing - edg e extensions was the 
l east effect i ve i n r e d ucing tUI'bulence . The greates t 
r educt i ons i n turbulence were obtained at s tations 
13 inches right and 27 inches left and right of the fuse 
lage center l i ne . These reductions are apparently due 
to ~odification2 de layi~g separation on the wing at these 
stations . At the station directly behind the nacelles 
(20 in . ) , afterbodies 4 caused a definito reduction in 

---- - ' --'-'- ._-_._-
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turbulence whereas afterbodies 5 caused little change . 
The downward displacement of the wake due to modifica
tions would be 2:reater than shown in figure 28 if the 
data were compared at the same lift coefficient. (See 
fig. 36.) 

Cowl and intercooler flaps open.- Comparison of 
fi gures 28 and 30 shows that opening the cowl and inter
cooler flaps caused large increases in the turbulence at 
the tail both with the standard model and with after
bodies 5 and trailing-edge extensions. The magnitude 
and extent of the velocity fluctuations were, however, 
much lower for the model with afterbodies 5 and trailing
edge extensions . 

Landing Condition 

The results of surveys for the landing condition are 
given in figure 31 for a spanwise station behind the 
inboard nacelle. VJi th both the standard and modified 

models , the maximtlr.1 value of /~2 /u 
elevator hinge line . 

occurred below the 

With the flaps deflected within afterbodies 5, the 
turbulence was le s s than for the standard mode 1. With 
flaps continuous and deflected through afterbodies 4, 
slightly greater turbulence was obtained than for the 
standard model. The increased turbulence vias evidently 
due to the stall that occurred on the flap and lower 
part of the afterbody (fig . 26 (c) ) . 01/1 th the flaps cut 
out below the nacelle as shown in figure 14, the turbu
lence would probably be less than for the standard model. 

DRAG AND LIFT CTrlARAC'rERISTICS 

The variations of the parasite-drag coefficient wi th 
lift coefficient for the standard and modified model are 
sho',m in fi gure s 38 to 45 . The lift, drag, and pi tching
moment characteristics for the cruise and landing condi
tions are given in figures 46 to 52. Table III g ives the 
numerical values of the drag changes due to modifications 
at several lift coefficients and th~ increments of 
maximum lift coefficlents due to the modifications 
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obtained in the cruising condition . The data have not 
been ~orrec t ed for support tarss or air-stream wisaline 
ment and therefore should nut be considered as absolute 
values nor sho~lc the shape of the curves be considered 
correct. It is believed, howevor , that the chanGes in 
drag and lift d 1e to modifications 'Nould not be materially 
affected by the appl~cation of such corrections. 

Cruis e Condition 

Inasmuch as fliGht Heynolds numuers are much greater 
than that a t 'Jolhich the tests wore concucted, tho inter 
pre -catioLl of the drag reductions due to the rr:.odlfications 
is dif'ficnlt , parti~ularly in tl"1_e range where separation 
oc curs . The vnlue of dr,_g reductions obtair.ed at a given 
lift coeff:i..cient of the li1oG.el may not be in agreement 
with reductions that would be obtained from tests of the 
full - scale airplane . The r esults of the model tests, 
however, are believed to be indicative of the results 
that would be obtained from installation of the modifi 
cations on the airplane . 

PigUl~e 38 pre sent s the data obtalned fr om runs made 
near the beginning , middle , and end of the investigation 
with fixed and natul'al transition. The displacement of 
the test points gives an in .ica tion of how closely test 
condi tioils (pr imari17l model surface condition) could be 
duplicated . Fixing the transition at 10 percent wing 
chord increased the drag coefficient at all values of 
lift coefficient and also decreased the lift coefficient 
at which the ra:;)id increase i n drag occurs. 

The effe~t of Reynolds nQ~ber on drag characteris 
tics with transition fixed is shown in fi gure 39. '1'he 
drag for each model confiouration was 10 "ler at all lifts 

6 
at a Reynolds nunbel~ of 3 . 9 x 10 than at a Reynolds 

number of 2 . 6 x 10
6, and the knee in the drag curves 

oc c-urred at higher lifts wi th the higher Reynolds l11..L111ber . 

Chord extensions .- The effect 0 span and chord of 

the trailinG- edge extensions in reducing drag is shown 
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in figure 4.0 . At a liftcoe.ffi.cient 'of 0.71 reductions 
with -O. 3 -span and o .·6 - span extensions were approximately 

in the ratio of 3 :4. The. ~-inch-chord ext'ensions 

. r educed the drag somewhat more than the l~-inch exten-

sions. No further reduction was realized by increasing. 
the chord to 3 inches . Subsequent t e sts were made with 

the 0 . 6~span ll-inch-chord trailing -edge . extensions. 
2 

Changes in drag c ause-d by trailing-edge extensions 
'and -leading-edge gloves we r e dependent upon the type of 

trans it ion . The ll- inch -chord o. b-span trailing-edge 
2 

exte~sions reduced the drag coefficient of the model 
by 0 . 0038 with transition fixed at a lift coefficient 
of 0 . 7 (fi g . 4 1(a)) . Ni th natural transition (fig . 4 1 '(b} '), 
the trailing-edg-e ' ext.e.nsions increased the drag 0.0003 at 
a lift coeff i cient of 0 . 7 but at lift coefficients 
above 0 . 8 appreciable reductions were obtained . Leading
edge J loves reduced the drag coefficient by 0 .0028 at a 
lift coefficient of 0 . 7 with f i xed transition 9.nd 
by 0 . 0012 with natural tran sition (fi g . 4 1). Because of 
the imperfect contour for ,ned where the g loves faired into 
the wing , the r e sult s obtained with the wing modif ied in 
this manner are prob ab ly not so good as would be obtained 
if the wing were built to the r evised dimensions. 

Modified nacelle afterb odies.- All modified inboard 
nacelle afterbodie s reduced t he drag of the model at 
cruising lifts ( fig . L,.2 ) but had little effect at low 
lifts. The orde r of incre asing effectivene ss was after 
bodi e s 2 , 3,4, and 5. 10dified afterbodies on all four 
nacelles reduced the drag at all lift coefficie nts. Four 
afterbodies 4 r educed the drag coefficient of the mode l 
by 0 . 0034. with fixed transition and 0 . 0017 with natural 
trans i tion at a lift coefficient of 0 .7 (fig. 4 3). Four 
afterb odies 5 (fig . 4.4) were somewhat less effective in 
r educing the drag than four afterbodi e s 4. Modified 
nacelle aft e rbodies we re the most effective individual 
modifications in reducing drag when conSidering both 
fixed and natural transition on the wing; however, 
trailing-edge extensions were slie;htly more effective 
with fixed transition . 

Propellers - off stall studies of the standard model 
(fi g . 18 (c)) show that at a lift coefficient of about 0 .7 
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the flow behind the inboard nacelles was separated but 
the f low behind the outboard nacelJ.es was smooth. These 
studies and a cons ideration of the shape of the drag 
curve s indicate that t he modlfied inb oard afterbodies 
reduce the drag by delaying separation on the wing , 
whereas t h e modified outboard a fterb odies reduce the drag 
by i mproving the afterbody form. This explanat ion 
probably accounts for the difference s between the effec 
tiveness of the inboard and outb oard afterbody 
modi fications . 

Cor'1b inations of chord extensions and modifie d nacelle 
afterbodies . - The cOinbination of chord extensions and 
modifi ed nace lle afterbodi e s generally wa s mor e e ffective 
in r educing drag than e ither modification alone . S ome of 
the mor e effecti ve c ombinations vIi th t he drag - coe f fici ent 
reductions at CL = 0 . 7 are as follows: 

F our 
e 

Four 
e 

Four 
e 

Four 
g 
e 

.-- -

'[Ilodifica t ion 

afterbodies ~- and trail lng -
d ge extensions 

afterbod i es 5 and tra iling-
d~e ext e n s ion s 

afterbodies 5 and leading -
d ge g love s 

-
af terbodies 5 , l eading- edge 

l ove s, and trai ling - e dge 
xtensions 

Fixed Natural 
transition t ransition 

0 . 00)-1-5 0 . 0015 

0 . 0038 0 . 0005 

0 . 00L!-6 0 . 0015 

0 . 0048 0 . 0017 

There appears to be no advantage in combining l eading 
edge g loves wi th aft erbodies 4 for reducing drag. 

All modifications increased the maxLnum lift coe ffi
cien t of the model with either fixe d or n a tural transi 
tion , and most of the modif icati ons increased t he slope 
of the lift curve . 

Cow l and int e rcoole r flaps open .- With the mode l in 
the s-tandard configuration , op-enlng the cO\'Jl and 
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intercoo l er flaps caused a large increase in drag. (Com
pare figs . 45 and 38 . ) The resultiYlg high drag coeffi-
c ien t vras decreased 0 . 0072 at a lift c oeffic ient of 0 .7 
by the addition of inboard afterbodies 5 and trailing
edge extensions or four afterbodies ~_ and trailing-edge 
extensions (fig. 45) . It should be noted that these 
modifications reduced the drag coefficient approxi
matel:,! O . OO~_O with cowl and i ntercooler flaps closed. 

Landing jondi tion 

The lift characteristics for the standard and modi 
fied mode l s with wing flaps deflected 400 are presented 
in figu~e 52 . With transition fixed and propellers off , 
the same maximum lift coefficient was obtained with 
dou"f:>le slotted inboard flaps or with standard flaps 
deflected within afterbodies 5 as was obtained vlith the 
model in the standard configuration. 

In order to e liminate flow separation that occurred 
on the flaps and the rear part of afterbodics 4, part of 
the inboard flaps were cut away . This change resulted 
in a reduction of about 0 .1 in the ma.;:imum lift coeffi
cient . An additional reduction would result if the out 
board flaps were cut . With flaps deflected through 
e ithor afterbodies 4 or 5, the addition of trailing-edge 
extensions increased the maximum lift coefficient by 
about 0 . 2; the resulting lift coefficient was greater in 
both cases than for the standard model. 

LONr-ITUDINAL STABILITY CHfulACTERISTICS 

Pitching- moment curves for the standard and modified 
model with prope ller s removed and horizontal tail off are 
pre sented in figure s L!_6 to C,l. Power - on pi tching - !Tloment 
curves with horizontal tal! on and off are presented in 
fi gures 53 t.o S5 . No corrections have been applied to 
the p itching moments but the results presented indicate 
the effect of the various modificationc . With tail on, 
the large differenc e s in trim and the fact that large 
parts of the curves are considerably out of trim make an 
accur ate evaluation of stability changes difficult. 
~oment curves for "several elevator or stabilizer settings 
would be required . 
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As indicated by changes in the slopes of the pitchi ng
morrent curves , leading- edge gloves and trailing - edge 
extensions caused appreciable reductions in lons itudina l 
stabili t y . 

Cruise Condition 

~ith wing flaps neutral and the horizontal tai l on 
(fiC . 53) , the pitching-moMent curves show that the mode l 
with chord extensions and modified afterbodies was less 
stable t han the standar d mode l for all power conditions . 
Up to a l ift coefficient of 0 . 6 , the combination of 
trailing- edge extensions and inboard afterbodies 5 changed 
the moment - curve slope dCm/dCL approximately 0 . 04 
to 0 . 06 from the standard configlITation . The combination 
of leadins- edge gloves , t r ailinG- edee extensions , and 
afterbodics 5 changed t he slope approximately 0 . 08 to 0 . 10 
fro~ the standard conf i guration . Above a lift coeffic i ent 
of 0 . 6 , the modifications were more destabilizing , 
probably because the de l ayed separation on the inner V'ling 
panel results in increased dovmwash . A satisfactory 
comp~omisG between the adverse stability changes and flow 
and. draG improvements due to trailing- edge extensions 
could probably be obtained wi t h an extension having a 
smaller chord tha -, ' those tested . 

Landing Condition 

. ith wing flaps def l ected , horIzontal tail on , and 
pro1)ellers operatine at O . ~_ normal rated power (fig. 54(b )), 
the slope of the pitc:1. ing-moment curve was a:;:J.proxi 
mately 0 . 04 less necat ive (r:lodel less stable) vlith the 
conbination of trailir:g - edgt, extensions and afterbodie s 5 
on the model . With leading- edGe gloves , trailing- edge 
extensions , and afterbodies 5 on the model , the slope of 
the moment curve was O.en l ess ne gative than with the 
modeJ. in the standard configuration . ';J ith propE.:llers 
opera t ing at zero thr ust (fig . 54(a)) , only a slight 
chanGe in t he slope of the moment curve was caused by 
either modification . The adverse effects on stability 
could be mininized b;:r r~;duc ing the flap deflection . 
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CON C L U S ION S 

From an investigation of a model of 3.. f01Jr-engine 
bomber - type airplane that was made to determine effects 
of wing and nacelle modifications on drag and air flow at 
the tail , the following results were shown: 

1. Worth- while improvements in the characteris tics 
of the model were obtained vrith certain modifications . 
The improvements were indicated on the basis of improved 
flow over the wing and deflected flaps , r educed turbulence 
in the region of the tail , and reduc ed drag. 

2 . Trailing - 8dge extensions were the most effective 
individual modification in i mpr oving the flow over the 
wing wj. th wi ng flaps neutral , cowl and intercooler flaps 
closed . Mod ified nacelle afterbodies wer e the most effec 
tive individual modif ication in reducing drag with either 
fixed or natural tra~sition on the wing ; however, trailing
edge ex tensions were slightly more effective with fixed 
transition . Four afterbodies 4 (a beaver - tail type) alone 
were superior to four afterbodies 5 (an extended conven 
tional afterbody) alone in reducing drag. Combinations 
of either leading - or trailing- edge extensions and modi
fied afterbodles ~ere more effective in delaying separa
tion and reducing the drag than either modification alone . 

3 . Wi th t he model in the standard configuration, 
opening th8 cowl and intercooler exit flaps caused sepa
ration on the wing behind the intercooler air exit, 
increased the drag considerably, and increased the tur
bul ence at the tail. These conditions were greatly 
improved by adding modified nacelle afterbodies and 
trailing-edge extensions . 

~_ . ~Nith '.'ling flaps deflected , enclosing the flap 
behind the inboard nacelle withi.n nacelle afterbody 5 or 
cutting the flaps at the nacelle appear to be the most 
promising metnods of improving the flow over t he flaps 
and r e ducing the turbulence at the tail. 

5. Although the r esults of turbulencE:; surveys made 
with a hot - wire anemometer do not indicate definitely 
that buffeting would occur with the standard mode l 01" 
that the modifications would eliminate buffeting, the 
~odifications did reduce the turbulence at the tail with 
wing flaps either neutral or deflected. 
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6. Appreciable reductions in the longitudinal sta 
bility of the model were caused by l eading -edge gloves 
and trai l ing - edge extensions. In the landing condition , 
chord extensions also aggravated the tendency toward 
early tip stalling obtained with the standard model . 

7. All modificat ions increased the maximum li1' t wi th 
wing flaps neutral and gave a ma.."'tiwum lift equal to or 
gr eater than that for the standard model with wing flap s 
deflected except when the inboard flaps were cut out 
be low afterbodies 4. 

Langley I\1emor ial Aeronaut ical LaiJora tory 
Na U.oIlal Advisory Committee for Aer onaut ics 

Langley Fleld , Va. 

RE F ERENCE 

1. Dryden , H . L ., and Kuethe , A . 11 . : The Mea sureme nt 
of Fluctuations of Air Spe ed by the Hot - Wire 
Anemometer . NACA Rep . . Uo . 320, 1929 . 



NACA ARR No . L5J05 

TABLE I 

GENERAL SPECIFICATIONS OF MODEL 

Wing: 
Airfo il section . . . . . . . . 
Root - section tcickness , percent .. . . 

Chord , ft .. . . . . . . . 

23 

· . . Davis 
22.9 

. . . 2.0 
Tip- section thickness , percent . . . . . .. .. 9·3 

. . . . .. o. b5 0 Chord , ft . . . 
Taper ratio . . . . . 
Span , f t ... ... 

. . . 3.077:1 
16.875 

Area, sq ft . • . .. ... 
Aspect ratio . • . . . . . . . . 

. . . 22.219 
. . . . . 12.8 

· 1.~lili 
21~6 

Tvlean aerodynamic chord , ft . • . 
Center - of - gravity location , percent ~ . A . C. 

Above root chord , ft . . . . . . . . . 
~ehind leading edge of root chord , ft 

Incidence (with respect to fuselage 
center line), deg •••.. •. . 

Geometric twist , deg .•••. •• . . 

· 0.183 
· .. 0.52 5 

· . . . 3.0 
• • 0 

"Puselage : 
over - all length , ft . 
71aximum diameter, f t 
T a.,'{imum frontal area , sq ft . 

• • • . . • . 10.386 
· 1.187 

• . . . . . • 1. 107 

Nace lIe s : 
"'rontal area (each) , sq ft • . . . 
Incidence (with respect to wing chord), deg .. 

0.450 
-3.0 

H or izontal ta i 1: 
AI' e a , s q ft . . . . . . . . . . . . . 
Span , f"t . . . . . . . . . . . . . 
Incidence ( vi th respect to fuselage 

center line) , deg . . • . . . . . 
Elevator hinge - line location (fuselage 

horizontal) 

· . . 5. 2 01 
. . 5·375 

-1. 0 

Horizontal distance r oar of le&din[ edge of 
root chord , f t .•..• . ... . . 5.866 

vertical distance below leadinc edge of 
root chord, ft .. .. • . . .. . .•• 0.031 

Propoll&rs: 
f\Tl::lPlb Gr . • . • • •• ••• • . • • 
Diameter , ft .... . ..•• ..•• . 
31ad_es .... . ...... . . .. . 
Blade design . . • . • • Curtiss 'N righ.t 

NATIONAL ADVISORY C OIVU' UTTEE FOR AERONA Dr rcs 

. . . 4 

. 2.082 

ioi6~lt 

l 
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TABLE II 

o ,DINATES POR FOVvLER AND DOUBLE SLOTTED FLAPS 

§ tations and ordinates given in inch8s and are measured 
from leading edge and ref9rence line of Fowler fla~ 

6.25" 

- 1.26 I i-1 
-?~----~--------
/ 

-r/ 
~ 1 , 03 11

-7 

... 

,/ 

./ 

-------n 

-------------------~ 

I
I Fowler flap 

Upper --,I - Lowe 
---

1 ____ Double slotted flap 
-

Vane 
Station 
____ +surface I surf.a 

o 0 . 196 I 0 . 19 
. 078 . 3_6~! . 07 
. 156 .44c: . 06 
~ 3l2 . 554 . 04 

r 
ce 

6 
8 
2 
8 

.LL69 . 632 . oll 

.625 . 688 . 04 

. 937 . 769 ,03 

,4 
0 

t 1 . 2 5 0 • 819 • 02 
1. 875 • 8L~_ . 0 1 
2 . 500 . 821 . 00 
3 . 12 5 .760 0 

I 3 • 750 . 653 0 

I 
4 . 375 . 522 0 
5 . 000 .3 66 0 

l_U_~_5 __ : ~4g g 

4 
I" 
b 

L=_' _r_a_d __ i_U_S_~ __ O_. 12 5 

NATIONAL ADVISORY 
CO-''IT:i ITTE1 FOR AEROIJAUTICS 

I 

I 

I 
I 

I, 

~ 

~ 
-11 

--- 11 

II 

Lower St a tion surface 

o . 1~6 0 . 06 
~) , . 12 . c:. ~ 

.ILl 
'E

O 
. S3 . 1. 6 
. 78 . 64 

1.03 
1.26 

. 75 

. 82 

Fose of flap 

statio~ Upper Lower 
SlU' face surface 

1.03 0.20 0 . 20 
1.11 . ~8 .05 
1.1~ . ~-5 . 03 
1. 3--!- . 56 -------
1 . 50 . b4 -------
1 . 66 . 70 ---- - --
l . 9~ • ~8 ----- - -
2 . 2 • 2 -------
2 ·50 .82 -------



TABLE III 

EFFECT OF MODIFICATIONS ON DRAG, STALL, AND LIFT IN THE CRUISE CONDITION 

@f = 00 ; cowl and intercooler flaps closed; R ~ 2,600,000J 

llCDp with ACD "Ith CL at fIrst stall, p 0.4 normal rated po"er, ModIfIcatIons fIxed tran.Itlon natural transItIon fIxed transltion 

ct = 0.4 CL = 0·7 CL = 0.7 CL = 0 0 9 
(a) 

None -------- .------- -------- -------. .. 0.63 

CTwo afterbodies 2 0 -0.0005 -------- ----- .. " .. - 0.64 

CTwo afterbodles 3 '0 -0.0010 -------- -------- 0.65 

CTwo afterbodles 4 0 -0.0015 -------- -------- -----------------------
CTwo afterbodies 5 0 -0.0021 -------- ------.... -----------------------

Four afterbodies 4 -0.0008 -0.0034 -0.0017 -0.0029 -----------------------
Four afterbodie. 5 -0.0006 -0.002 7 -0.0011 -0.0021 -----------------------
L.E. gloves -0.0003 -0.0028 -0.0012 0.0019 0.75 

L.E. gloves, four afterbodies 4 -0.0006 -0.0042 -0.0004 0 do.80 

LoE. gloves, four afterbodies 5 -0.0010 -0.0046 -0.0015 -0.0016 dO.79 

ToE. extensIons -0.0003 -0.0038 0.0003 -0.0010 0.84 

T.E. extensIons, four afterbodles 4 -0.0008 -0.0045 -0.0015 -0. 0029 0.91 
---

ToE. extensIons, four afterbodies 5 -0.0002 -0.0038 -0.0005 -0.0017 dO. '),1 

L.E. gloves, T.E. extensIons -------- -------- -0.0004 0 -----------------------
L.E. gloves, four afterbodles 4, 

T.E. extensIons -0.0009 -0.0051 -0.0007 -0.0011 4 1 .04 

L.E. gloves, four afterbodies 5, 
-0.0006 -0.0048 T.E. exten810ns -0.0017 -0.0025 d O•90 

-----

llCI.ma.x wIth 
propellers off 

Fixed Natural 
tranl1tIon trana1tIon 

(b) 

---------- ----------
---------- .---------
---------- ----------
---------- ----------
------ .... _- ----------

0·09 0.11 

0.07 0.10 

0·05 ----------
0.15 --~-------
0.15 .... -------
0.12 0.1.4 

0.17 0.20 

0.19 0.25 

----------- ----------
0.24 ----------
0.28 ----------

z 
:> 
o 
:> 

:> 
::0 
::0 

z 
o 

l' 
un 
c...., 
o 
un 

aLlft coefflc1ent g1ven Is that at whIch separatIon of flow flrst occurred on "lng. 
bFor configurat10ns w1th L.E. gloves, see 11ft curves. 
OWhen two mod1fied nacelle afterbod1es were tested, they "ere fItted to inboard naoelles only. NATIONAL ADVISORY ~ 
dstall studIes with modIfied inboard arterbodies onlT. COMMITTEE FOR AERONAUTICS un 

!l I 



-----~-.- ------~------- ----.~ 

NACA ARR No. L5J05 

Figure 

1 
2 , 
4 
5 
6 

~ 
9 

10 
11 
12 

~ 
15 
16 
17 

INDEX TO FIGURES 

a. Il1uatrative Figurea 

Material presented 

Three-view drawing o~ model 
Kodel mou~ted in test section 
Photograph, standard nacelle a~terbodiea, 
Drawlng, standard nacelle a~terbodles 
Photograph, standard nacelle a~terbodles, 
Drawing, L.E. gloves 
Photograph, L.E. gloves and T.E. extensIons 
Photograph, nacelle atterbodles 2 and 3 
Photograph, nacelle afierbodiea 4, Or = 00 
Photograph, nacelle a~terbodies 5, 0t = 00 

DraWing, nacelle arterbodles , 
Dra.ing, nacelle atterbodie. 4 
Drawing, naoelle arterbodles 5 
Photograph, nacelle a1'terbodlea 4, 01' = 400 
Photograph, nacelle a1'terbodlea 5, 0t = 400 

Photograph, double slotted ~lap 
Calculated thrust coe1'1'lcients 1'or B.,2 airplane 

26 

~.---~------------------------------------~ 

b. Stalling Characteriatics: 0.4 Normal Rated Power, Tran.ltion Fixed 

Figure 

18(8) 
a18(b) 
b18( 0) 

19 
20 
21 

22 

2, 
24 
25(a) 
25 (b) 
2b 

27 

Connguratlca 

st andard model 

-----~o---------------------------------------40---------------------------------
Chord extensions 
MOdlfied inboard a~terbodles 
Inboard afterbodi.e 4 and chord 

extensiona 
Inboard a~terbodlea 5 and chord 

extensiona 
Comparison of stall patterns at CL ~0.8 
standard and modif1ed model 
Standard model 
------00---------------------------------
standard and modified model (~low over 

inboard atterbodles and flaps) 
Modified model (flow over wing) 

aNatural tranaltlon. 
bPropellera 01'1'. 

01' Cowl and lnter-
(deg) cooler naps 

0 Cl08ed 
0 Do. 
0 Do. 
0 Do. 
0 Do. 

0 Do. 

0 Do. 
0 Do. 
0 Open 

10 Closed 
40 Do. 

40 Do. 
40 Do. 

NATIONAL ADVISORY 
COIrDdITTEE FOR AERONAUTICS 



NACA ARR No. L5J05 27 

FIgure 

28 

29 
30 
31 
32 

~, 
35 
36 
37 

'P'lgure 

46 

tt~ 
49 
50 

51 

52 

Plgure 

53(a) 
53(b) 
5R{c) 
5 (a) 
54(b) 
55(a) 
55{b) 

IWDEI TO FIGURES - Conoluded 

c. Tan-Survey Data, 0.4 \formal Rated power; Tranaition Flxed 

MaterIal presented Form of data 
IIf Cowl and Inter-

(deg) oooler flape 

standard and modIfIed model. Cl = 7.60 

and 8.-,0 0 Closed 
Effect of angle of attaok 0 Do. 
standard and modIfIed model. Cl = 7.50 

standard and modIfIed model. Cl E: 12;-,c 
'4 agalnat nrtiaal 

dlatanoe 0 Open 
CloHCl 4,0 

stall patteI'D. for .urY8,. cODdltloos ---------------------- ;.-~-- --------------
Stan4aJod .odel Clo .. d 
.-----40------------------------------~ q asainat nrtloal 0 Open 
-~----do------------------------------ dist&DCe 4,0 Closed 
poeltion ot wake oenter ~ 0 Do. 
---•• -----40-•• -----------------------

} Vertical distanoe 
asa1Dat Cz. 0 OpeD 

d. A.arodyn.-lc Characterhtioa wIth PropeUeJOs Otf 

Xaterlal presented 

Seftral l"UDS wIth standard model 

Effect of Reynolds number 
T.E. extenalone 
Standard afterbodies wIth chord 

extensIons 
Eftect ot varIous nacelle 

afterbodlea 
Att"rbodlee 4 wi th chord 

extensIon. 
Arterbodlea 5 wIth chord 

extenelone 
Effect of modlt1oatlona wIth 

cowl and intercooler tlape 
open 

Effect of tr~ltion 

T.E. exteneions 
Btandar~ a~terbodlea with chord 

extenelon. 
Afterbodle. 4 wIth chord 

extenslona 
Atterbodles 5 wIth ~hord 

extension. 
Eftect of modifIcatIons with 

cowl and Intercooler flaps 
open 

Effect of modifications on 11ft 

Fora! of data 

Cop againet 0L 

-------40--------------40-------
-------do-------

-------40-------
-------do-------
·------40-------

lit 
(deg) 

o 
o 
o 

o 

o 
o 

o 

-------40------- 0 Co. Cl. C. 0 
againat CL 

---- ---do------- 0 

-------40------- 0 
-------40------- 0 

-------40------- 0 

-------40------- 0 CL against Cl 40 

Cowl and inter-
oooler flapa TraneltlOD 

Closed Plx,d aDd 
natural 

------150------ Flxed ------40------ Do. FIxed and 
------do------ natural 

------40-~---- Flxed 
Flxed aD4 

------do------ natural 

------40------ Do. 

Open Pixed 
Closed Plxed and 

natural 

------do------ Fixed Pixed and 

------40------ natural 

------40------ Do. 

------40------ Do. 

Open Fixed 
Cloeed Do. 

e. LongItudInal StabIlity CharacterIstIcs; Tranaltlon Fixed 

con1'1gura t iOll Of Cowl and inter-
(deg) oooler napa 

Standard and modlt1ed model 0 Closed 

------------40------------- 0 ------do-------
------------dP------------- 0 ------do-------
standard and modified model 40 ------do-------
------------do------------- 40 ------40------standard and modified model 0 ------do-------
------------do------------- 40 ------40-------

Tail Pow.JO 

On To = 0 
-40- 0.4 normal rated power 
-do- Normal rated power 

On To • 0 
-do- 0.4 nonal rated powv 
orr 0.4 normal rated power 
-40- 0.4 normal rated PORI" 

NATIONAL ADVISORY 
CODITrlm FCB £EROBUTICS 



NACA ARR No. L5J05 Fig. 1 

14.25"[) 

r--+-----6085"----+---36. 1 

. 

121.039" 24.914" 
I 20.2.5" I 

'=============i=J~f~\::;A~f.._1 ~---%~~~==t==========;3~'2. 

124.627" 

k---C l~~ 
~ 

-
~ 

,~, 1.) , . , 
\ , 

Figure / . - Three-view drowmg of'model, 

_._. -- -- --------

"""J', .-
.J.I ........ 

NATIONAL ADVISORY 
CONlllnEE fOIl A£AONAUTICS 

J 



NACA ARR No. L5J05 Fi g. 2 

..... 
o 

s:: 
o 

. ..-l 

~ 

tJ 
Q) 

co 



NACA ARR No. L5J05 Fig. 3 

Figure 3.- Standard nacelles. of: 0°. 
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(a) Afterbody 2. 

Ib) Afterbody 3. 

Figure 8.- Inboard nacelle afterbodies 2 and 3. 



NACA ARR No. L5J05 Fig. 9 

Figure 9.- Nacelle afterbody 4. Sf 0°. 
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Figure 10.- Nacelle afterbody 5. o f 0° . 
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Figure 14.- Inboard nacelle afterbody 4. Sf & 4 0 °. 
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Figure 15.- Inboard nacelle afterbody 5. b f 4 0°. 
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Figure 16.- Double slotted inboard flap. 
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(b) Trailing-edge extensions. 
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Figure 22.- Stall studies with afterbodies 0 and chord extensions. of = 0°; 

cowl and intercooler flaps closed; 0.4 normal rated power; transition fixed; 

R"" 2,600,000. 
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trailing-edge extensions. 
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Figure 24.- St all studies of standard and modified models. 8 f = 0°; cowl and inter

cooler flaps open; 0 .4 normal rated power; transition fixed; R~ 2,600,000 . 
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25.- Stall studies of standard model with wing flaps 

D 
Unslolled 

deflected. 

. ~~ 
Diuclion 
of Flow 

Cowl and 

intercooler flaps closed; 0 . 4 normal rated power; transition fixed; R= 2,600,000. 

z 
> 
(') 

> 
> 
:::0 
:::0 

z 
o 

r 
{}1 

c.... 
o 
{}1 

'%J 
..... -

OQ 

l" 
{}1 

P1 

0' 



(a) Standard model; 
0. = 11.6°. 

(d) Arterbod1es 4: flaps cut 
out at nacelle: 0. = 11.eo. 

,~~~t 
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0. = 11. 6°. 
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(e) Arterbod1es 4: flap 
cont1nuous: 0. = 11.60

• 

(0 Atterbod1es 5: cra1l1ng
edge extens10ns cut oUt: 
a = 11. So. 

Figure 26.- Flow over inboard flaps and afterbodies. Of 40 0
; cowl and inter-· 

cooler flaps closed; 0.4 normal rated power; transition fixed; R= 2,600,000. 
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Figure 27. - St al l studies of modified model. 
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tra iling-edge 
extensions cut out . 

Of 40°; cowl and intercooler flaps 

closed; 0 .4 normal rated power; transition fixed; R ~ 2,600,000. 
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NACA ARR No. L5J05 Fig. 28a 

. 
S; 

o Standard configuration; a = 7.5°; CL = 0·73 0 
A Inboard afterbodies 4 and tra i ling-ed~ extens i ons; a=7·6 ;CL=0·91 
o Inboard afterbodies 5 and trailing-edge extensions; a=7.6°;CL=O.91 
v Leading- edge gloves, inboard afterbodies 5, and trailing- edge 

extensions; a = 7.60 ; CL = 0·90. 
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Fi gure 28.- Vert ic al veloci ty devi ations in region of horizontal 
tail f or standard and modified models. Of = 0 0

; cowl and 
intercooler f laps closed; transition fixed; 0.4 normal 
rated power; R z 2,600,000. 



NACA ARR No. L5J05 Fig. 28b 

o o standard configuration; a = 8.5; CL = 0.82 
o Inboard afterbodies 5 and trailing-edge extensions; a=8.f; CL=l.Ol 
v Leading-edge gloves, inboard afte8bodies 5, and trailing-edge 

extensions; a = 8.7; CL = 1.01 
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NACA ARR No. L5J05 Fig. 29a,b 
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Figure 29.- Effect of angle of attack on vertical velocity 
deviations in region of horizontal tail for standard and 
modified models. 6f = 0 0 ; cowl and intercooler flaps 
closed; transition fixed; 0.4 normal rated power; 
R ~ 2,600,000. 
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NACA ARR No. L5J05 FilS. 30 

o 
o 

20 in. left of fuselage cente~ line 

Standard configuration; a = 7.4°; CL = 0.66 
Inboard afterbodles 5 and trailing-edge ex

tensions; ~ = 7.6°; CL = 0.88 
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Figure 30.- Vertical veloCity deviations in region of horizontal 
tail for standard and modified models. Of = 0 0 ; cowl and 
intercooler fleps open; transition fixed; 0.4 normal rated 
power; R~ 2,600,000. 
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Figure 31.- Vertical velocity deviations in region of horizontal 
tail for standard and modified models. of = 40°; cowl and 
intercooler flaps closed; transition fixed; 0.4 normal rated 
power; R:::::: 2,600,000. 
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F1gure JJ.- Dynam1c-pressure va r1a tion 1n the region of the horizontal ta11. 

standard conf1gurat10n; Of = 0 0 ; cowl and intercooler flaps closed; transition 

f1xed; 0.4 normal rated power; R ~ 2,600,000. 
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R"" 2 , 600, 000 . 
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Fi gure 35.- Dynamic -pressure variation in the region of the horizontal tail. 

Standard configuration; Of = 400 ; cowl and intercooler flaps closed; transition 

fixed; 0 . 4 norma l rated pONeI'; R~ 2,600,000. 
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Figure 36.- Variation of location of dynamic-pressure wake 
center with lift coefficient. Of = 0°; cowl and intercooler 
flaps closed; transition fixed; 0.4 normal rated power; 
R ~ 2,600,000. 
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NACA ARR No. L5J05 Fig. 37 
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Figure 37.- Variation of locat i on of dynamic-pressure wake center 
with lift coefficient. Of = 0 0

; cowl and intercooler flaps 
open; transition fixed; 0.4 normal rated power ; R~ 2,600,000. 
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Figure 39.- Drag characteristics at two Reynolds numbers for standard and modified 
models. Of = 0°; cowl and intercooler flaps closedj fixed transition. 
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Figure 40.- Drag characteristics with several trailing-edge extensions. Of = 0°; 
cowl and intercooler flaps closed; fixed transition; R~2,6oo,ooo. 
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Figure 41 .- Drag chsracteristics with leading-edge gloves and trailing-edge 
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