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NAT IOJ'JAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVANCE RESTRICTED REPORT 

EFFECTS OF WING AND NACELLE MODIFI CATIONS ON 

DRAG AND WAKE CHARACTERISTICS OF A 

BOMBER - TYPE AIRPLAJ\JE MODEL 

By Robert H . Neely , Richard 1N . Fairbanks 
and D. Wi lliam Conner 

SUMMARY 

An investigation of a mode l of a large four-engine 
bomber was co::1.ducted in the Langley 19-f'oot pressure 
tunnel to determine the effects of several wing and 
nacelle modifications on drag characteristics and air
flow characteristics 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 s1ITveys in the 
region of the tai 1. Te st s were made wi t:1 fixed and 
natural transition on the wing and with propellers oper 
ating and propellers off'. l':Iost of the tests were con-
ducted at a Reynolds number of approximately 2.6 x 106. 

The results indicated that application of certain 
of the modifications provided Horth-while improvements 
in the characteristics of the model . The flow over the 
wing and flaps vrns improved , the drag was reduced, and 
the turbulence in the region of the tail was ~educed. 

Tr ailing - edge extensions were the most effective 
individual modification in i!nproving the f'low over the 
wing vith wing flaps neutral, cowl and intercooler flaps 
closed . Modified nacelle afterbodies were the most 
effective; individual r.1odification in reducing drag vnth 
either fixed or natura l trunsition on the wing; however , 
trailin6 - edge extensions were slightly more effective 
with fixed transition . Coniliinations of eit~er leading
or trailing- edge extensions and modified afterbodies were 
more effective than either modification alone. With cowl 
and i.ntercooler flaps open , trailing-edc;e extensions with 
modi.fiec. aftorbodies provided substantial improvement in 
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flow and drag characteristics. v;i tl1 vdng flaps deflected, 
enclosing the flap bEJhind the l nboard nacelle within an 
extended afterbody or cutting t he flaps at the nacelle 
appeared. to b e the most promising ::1ethods of improving 
the flow over the flaps and the tail . Although the 
r esults of hot - 1rire - ane!l1ometer surveys were not conclusive 
in regard to buffeting characteristics, the modificat ions 
did ~educe t he turbulence at the t ail with wing flaps 
b oth neutral and deflected . The modificat ions , as a rule, 
were favorable to maximum lif t . Appreciable reductions 
in longitudina l stability of the model were caused by 
addition of l ead ing - edge gloves and trailing- edge 
extensions . 

I N T R O D U C T I O N 

Separation of flow over a wing increases the drag 
and has, in a number of 1 nstances, caused ta il buffeting 
because of t he irregular nature of the fl ow at the tail . 
Several wing and nacelle modifi c ations , designed wi th a 
view to i mproving t Le fl ow overt~~ wing , we r e t a st e d on a 
mode l of a l arge four - engine bomb 0r to determine the 
effe cts on dr ae characterist ics and air -fJow character
is tics at t ~ e tail . L8 ading- edge gloves , wing trailing
edc e extensions , and ~ ~di f i e d nacelle aft erbodies we r e 
t e sted . The characteristic ~ of the basic and modified 
mode l were determined by tuft observations, force meas 
urement s , and measurements of turbulence and dynamic 
pressure in the vicinity of t:he tail . Turbulence vms 
measu-rec1 by means of a hot - wire anernor:ieter . The hot -wire
anem ome t e r equipment wa s furnished by the Cali f 'ornia 
Institute of Technology a nd was operated under the direc 
tion of Dr . Hans W. Liepmann of its staff . The inves tiga 
tion was conducted in the Langley 19 -foot pressure tunnel . 

S Y it B O L S 

The coefficients and synbols used herein a1~e defined 
as fo llows: 

CL gross lift coefficient (L/qs) 

/J.C 
I-max 

incre:nent of max i :nu.ra lift coefficient 
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drar; coef'ficient corr e cted for jet-boundary 
inter feronce ( D/q.S) 

Cm gross pi tcriing - moment coefficient ( M/qSc) 

CDi induced- drag coe!'ficicnt (c12 /rrA) 

CDP parasite-drag coefficient (cD - CDi) 
increment of parasite-drag coefficient 

u 

c;_t 

q 

a 

R 

where 

L 

D 

M 

s 

thrust disk - loading coefficient for one 
propeller (T 8 /pv2n2 ) 

root - mean-square value or the deviations, per 
pendicular to wind c:xis, of instantaneous 
local veloc ity from its mean value 

mean value of instantaneous local velocity 
along wind axis 

local dynar:-lic pressure at tail 

free - stream dynamic pressure (~v2 ) 

angle of attack of wing corrected for jet
boundary interference 

wing-flap a.eflection measured from neutral flap 
position 

Reynolds munber ( pvc/µ) 

lift 

drag; propeller dianeter 

pitching moment about center of gravity 

effective thrust of one propeller 

wing area (22 . 219 sq ft) 

7 
I 

j 
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1:10 an aerodynamic chord ( 1,4).J.i_ ft) 

(
/bS2 -- \ 

ge ometr ic aspe ct ratio 12 .8) 

wing span (16 .875 ft) . 

velocity in free stream 

ma ss density of a ir 

coefficie nt of viscosity 

M ODE L 

The general arrangement of the mode l is shown in 
fi gures 1 and 2 . The mode 1 -,vas of wood and metal con 
struct i o:n and was finlshed with lacquer . Pertinent 
dimensions are gi ven i n tacle I. 

The wj_ng had Davis ai_rfoll ~ectior.s, 22 . 9 percent 
thick at the ~oat and 9 .3 percent thick at the tip . The 
ma,"'{imum caE1ber r;as approximately 3 .4 percent of t he ch8rd 
at the root section and l . l percent at the tip . The 
l ocation of the n:aximum camber 1nas constant across the 
span at 31 .5 percent of the l ocal chord . The geometric 
aspect ratio of the wing was 12 . 8 and the taper r atio 

. 0r77 l was .,,, • , : J... . 

The horizonta l tail had no movable elevator . The 
vertj_c a l tai l was off during all the tests. 

The installation of the c owl flaps and intercooler 
exit flaps is shown in figur e 3 for the ir defl ected posi 
tions . S:he c owl flaps extended f r om the top of the 
cowling to a po int slightly below the nacelle center line . 
The int ercooler cooling- air exits were l ocated on the 
upper surface of t he wing . 

STA!IDARD CONFIGURATION 

The standard nacelle af t erbodi es (afterbody 1) are 
shown i n figures 3 and 4 with wing flaps neutral . No 
part of the nace lle af t erbody is on the upper sur f ace of 
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the ,•.ring near the trailing edge . The extreme end of the 
starnlard afterbodies was attached to the lower surface 
of the wing flaps and deflected .with the flaps, as shown 
in f i gure 5 . The wing flaps were of the Fowler type and 
consisted of inboard and outboard sections . Ordinates 
for the inboard section are given in table II. At the 
inboard nacelle , the nose of the flap was 2.4 percent 
wing ch ord ahead of and 2. 9 percent wing chord below the 
trai l ing edge of the wing . 

MOD I FICATIONS 

In an attempt to delay separation of air flow on 
the wing in t1e cruise condition , t~e original wing chord 
v'as extended in order to reduce the p8ak pressures and 
adverse pressure grad ients . Leading-edge gloves (fi~s. 6 
and 7) we~e built to NA. CA 64- series ordinates modified to 
fair into the originnl Davis airfoil sectlon . The glove s 
extended the wing chord 10 percent between the fuselage 
and the inboard nacelle and tapered to the original 
leading edge at the outboard nacelle. Because these 
gloves were a dded to the original wing, a perfect contour 
could not be formed where the gloves faired into the wing . 

The trailing- edge extension was a thin metal strip 
attached tc the flaps and deflected down 11° from the 
lower surface of the flaps . ':!:'he extensions were deflected 
down 1° to 2° from -:.he wing chord lines. The installation 
of the ex tens ions is she m in figure 7. Ex tens ions of 
two dj fferent spans and three different chords were tested . 
Extensions attached only to the inboard flaps are desig
nate d 0. 3 span, and extensions attached to both inboard 
and outooard flaps are designated 0.6 span . The chords 

vrere i½, 2f, and 3 inches . Unless otherVIise specified, 

the term 11 1:;railing- edge extensions 11 <iesignates the 1}-inch

chord extensio~s attached to both the inboard and outboard 
flaps. 

The installation of the various modified nacelle 
afterbodies with wing flaps neutral is illustrated in 
fi gure s S to 10 . Drawine;s of the modified ".1'1.celle after•
bod..1.e s are given in figur0s ll to 13. Afte,r•r::,-,djr-,s 2 
and 3, shown in figl1re 8 , were attached tc the ·tr,½oard 
nac e lles only and dfffarcd mainly from the s~a1~~rd 
afterbody in that they had a fairing on the upper surface 

l 
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of the wing . Aftarbody 4 (figs . 9 and 12 ) w~s a beaver 
tail afterbody 'Ni th a small fair i"'.1g on the upper surface 
of the wing . Afterbody ') , sho1.'m in figures 10 and 13 , 
was faired on the upper surface of ·che wing forward to 
t he 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:::iodies 4 and 5 is shown in fisures 14 
and 15, respectively. With afterbodies 4, tests were 
made with the flaps cut out below the afterbody as shown 
in figure 14 and also with the flap s· not cut and extending 
below the afterbody . Inboard afterbodies 5 enveloped tho 
cent e r part of' the deflected flaps, and the flap-nacelle 
juncture was faired with plasticine as shown in figure 15. 
The tips of the modified afterbodies did not deflect with 
ti1.e flaps . 

A double slo~ted, or vaned , flap (fig. 1 6 ) was 
tested in an attempt to i mprove the air flow over the 
flap. The outside contour and the tnstallation of the 
flap and vane co:nb ination we1•e the same as for the 
original Fowler flap . '11he ordinates for the double 
slotte d flap are g ive ~ in t ab le II. 

A P P A R A T U S A 'ND T E S rr S 

Tests of the model were made for two basic conditions: 

(1 ) Cruise condition - wing flaps neutral, 
cowl and intercooler flaps closed 

(2) Landing condition - wing flaps deflected 4o 0 , 

landing gear down, cowl and intercooler 
flaps closed 

For the c r uise condition , a few tests were also made to 
determine characteristics with cowl and intercooler flaps 
open. 

For the cruise condition, tests were made with the 
model in the standard configuration and with leading- edge 
g loves, trailing- edge extensions, and modified nacelle 
afterbodies . For the landing condition, tests were made 
with the model in the standard confi r;uration and with 
modified inboard afterbodies and modified inboard flaps . 
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The c ov.-1 fJ.aps in the open position v,rnre 6.ef lected 10°. 
When the intercooler flaps were opened, the exit gap was 
increased 7/16 inch, which corresponds to the maximum 
deflection of the intercoole:r flaps. The air flow throug..'1-i 
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 press1.ll'e drop of approximately O.b7q through the 
intcrcooler ducts with exit flaps closed. 

For a flap deflection of 40°, the main landing gear 
was down; however , no provision was n:ade for simulating 
open landing- gear doors . For flap deflectio~s of o0 

and 10° , 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 conditions were simulated by ma.tching the 
thrust coefficients of the model and airplane at each 
lift coefficient . The variation of thrust coefficient 
with lift coefficient for sea-level power conditions is 
presented in fi;:;1.1 . .re 17. The thrust coefficients for 0.4 
normal rated power at sea J.evel 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 30° . 

It was believed 'that transition from laminar to tur 
bulent flow on the airplane wing would occur at approxi
mately the location of tirn front spar. In an attempt to 
make the results of the mode l tests more representative of 
flight conditions , most of the tests were made with the 
transition fixed at n chord.wise ·station corresponding to 
the spar location. The transition was fixed by placing 
a strip of 60- grain 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 l/4i- 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 conf i gurations . The 
effe cts of leading - edge g love s and trailing - edge exten
sions on the long itudinal stability characteristics were 
de t e rnined wi th the h orizontal tail on (elevator n e utral) 
for several powe r condit ions. 

M6a sur ements of the air - st~eam turbulence were made 
at se veral spanwise stations along the elevator hin ge 
l ine by means of a hot - wire anemometer . The basic pr in
ciples of operation of this instrument are described in 
reference 1 . The turbulence mea sure:nents were supp l e 
ment e d b - me asur ements of t h e local dynamic pressures at 
the tai l obtained from surveys wi th a rake of six pitot 
static tubes . All s ur·veys wer e made with fixed transit ion 
and wi th the prope ller s ope rating at 0.4 normal rated 
power . 

All tests were made with t he air in the tunnel ~om
pressed to an absolute pressll.l~e of a pproximately 35 p ounds 
per square inch ( p ;:: 0 . 00558 slug/cu ft). Most of t he 
tests were made at a Re ynolds n umber of apprcxi -

r 
mate ly 2 . 6 x 10° and a :Ma ch n umber of 0 . 12; however, 

6
a 

few tests wer e made at a Reynolds number of 3.9 x 10 
and a I\~ach numbe r of 0 . 18 . 

R E S U L T S A N D D I S C U S S I O N 

The r e sults of the i nve stigation are discussed f rom 
the standpoint of (1) flow over the wing and flap , 
(2) flow at t he tail , (3) drag and lift , and (4) long i 
tudinal s t ab i lit y . The charact eristics of the standard 
mode l and the effect of t he various modif~c a tions are 
shown for t he cruise and landing conditions . 

Jet - boundary corr e cti ons have been a dded to the 
ang l e of attack , drag coefficient , and the vertica l p osi 
tion of t he survey points wi t h respec t to the elevator 
hinge line as follows : 

6a = o. 654cL 

r1 cn - o.0106c1
2 

t:,z = -o.13c_ 
L 
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where ~a is in degrees, ~z is in inches, and z is 
the vertical posit ion of the survey points with respect 
to the .e levator hinge line. No corrections have been 
applied to the data for the effects of model-support tare 
and interference or for air - strea..~ misalinement. 

FLON CHARA CTERISTICS AT THE WING 

The results of tuft observauions that show the char
acter of the flow over the wing , flaps, and nacelles are 
given . 

Cruise Condition 

7he stall pro ressions of the model in the original 
and modified configurations with wing flaps neutral are 
iiven in fig;ures lo to 22 for cowl and intercooler flaps 
closed . The values of lift coefficient at which separa
tion first occurred on the ing are g iven in table I~I. 
Diagrams showing the flow over the wing at a lift coeffi
cient of approximately o.8 are presented in figure 23. 
Stall progressions for the model with cowl and intercooler 
flaps open a.re rTi ven in figure 24 . The propellers rvere 
operating at 0.4 normal rated p oVIer and the transition 
wa s fixed at 10 percent wing chord except for two tests 
of the standard model. Diagrams are presented lo show 
the effect of power and the effect of removing the transi 
tion strip on the wing . 

Standard configuration. - With cowl and intercooler 
flaps closed, 9ropellers operating at 0.4 normal rated 
powc:r , and transition fixed , the initial staJ.l on the 
wing occurred at a lift coef'ficient of about O. 63 with 
the model in the standard or original confiGuration 
(fi~ . 18(a)) . The initial separation occurred on the 
rear part of the wing to the left of each nacelle. The 
flow over the 'Ning directly behind each nacelle was rough 
but not separated for most angles of attack. ~ 1th 
natural transition (fig . 18(b)) the stall patterns were 
about the same as with fixed transition but the initial 
separation occurred at a lift coefficient of about 0.91 . 
iith propellers off and transition fixed , the initial 
separation occ1rred at about the same lift coefficient 
as with the propellers operating , but at . higher lift 
coefficients the a~ea directly behind the inboard nacelles 
was stalled (fiJ . 18(c)) . 
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Separated flow like that i ndicated in figure 18 
produces an increase in drag and could cause buffeting . 
The purpose of the modifications was to delay this sepa
ration and to cause a ge n eral improvement in 1·1ow through 
the cruising ranee (CL= 0 . 6 to 0 . 9) . A substantial 
i mprovement in flmv over the wing was obtained, as shown 
in fi£;ure 25 (a), by dE::flec ting the wing flaps 10°. The 
drag , however, was increased . 

Chord extensions .- Chord extensions delayed the 
initial separation and improved the flow ove r the wing 
at higher lift coefficients. 

Leading- edge g loves (fig . 19(a)) delayed the initial 
s eparation to a lift coeffj_c ient 0 . 12 higher than for the 
standard model . About the same improvement was realized 

with the 1l-inch- chord. 0 . 3 - spa:1 trailing- edge extensions . 
2 

The o . 6 - span trailing - edge extensions were the most 
effective individual mod ificat ion in improving the flow 

over t he wing . The 1!- inch-chord O. 6 - span trailing - edge 
2 

extensions (fi g . 19(c)) delayed the initial separation 
to a lift coefficient 0 . 21 higher than for the standard 

mode l. More impr ove ment r esulted from the 2f - inch - chord 
4 

o . 6 - span extensions . Su1.Jseque nt tests, however , were 

made with the 1½- inch-chord 0 . 6 - span trailing- edge exten 

sions because the grea ter improvement in flow with the 

2~- inch extensions did not seem sufficient to warrant 

the add i tional structural changes necessary to the air 
plane . In evaluating t he i mproveme:1t due to either 
leading - edse or trailing - edce extensions in terms of the 
increase in lift coefficient at which separation first 
occurred on the wing , it should be noted that the gain 
in lift coefficient was part l y due to added wing area. 

Modified nacelle afterbodies .- Modified nacelle 
afterbodies caused only a slicht delay in the initial 
separation but i~proved the flow over the wing . This 
improvement is shown for afterbodies 2 and 3 by comparing 
figure 20 with figure 18 (a) and for afterbodies 4 and 5 
by comparing fi gures 2l(a), 2l(b), 22(a) , and 22(b) wi th 
figures 19 ( a ) and 19( c) . Afterbodies 4 and 5 appear to 
be most effective . No flow separation occurred on the 
lower surface of either the ~tandard or modified nacelles. 
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Combinations of cho:;:->d extensions a...'1.d modified nacelle 
afterbodies.- Cbordext.ensions: either leading edge or 
trailing edge, in combination -oith ::-riodif ied nacelle 
afterbodies were more effective in delaying separation 
and in improving the flow over the wing than were chord 
extensions or afterbodies alm1e. The combinations of 
leading-edge gloves with afterbodies 4 and leading-edge 
g loves wi th afterbodies 5 (figs . 2l(a) and. 22(a)) delayed 
the initial separatj_on to a lift coefficier:..t approxi
mately 0 . 16 higher than for the standard I11odel. With 
trailing- edge extensions in combination with either 
afterbodies 4 or 5 (figs. 2l(b) and 22(b)), the initial 
separation occurred at a lift coefficient of about 0.91, 
which is approximately 0 . 28 hicher than for the standard 
model . As shown in figure 21( c), a greater improvement 
in flow was obtained with a combination of leading-edge 
gloves , trailing- edse extensions , and afterbodies 4. 
Separation on the inne1, ,_-,j_ng sections was delayed to a 
lift coefficient of over l.C. A similar combination with 
afterbodies 5 was only slightly more effective than the 
combination of trailing-edge extensions v;i th afterbodies 5. 

Cowl and intercooler flaps open.- With the model in 
the standard confi~uration , openin6 the cowl and inter
cooleI' flaps caused separation of the flow over the wing 
directly behind them at all lift 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). 
Fith afterbodies 4 and trailing- edge extensions on the 
model (fig . 2l~(c)), the initial separation behind the open 
intercooler flaps was delayed until a lift coefficient of 
about 0. 55 had been reached. ~1th inboard afterbodies 5 
and trailing - edge extensions on the model, no separation 
occurred behind the open intercooler flaps of the inboard 
nacelles (fig . 24(d)) . 

Landing Condition 

Stall characteristics of the standard and modified 
model with wing flaps deflected are shown in figures 25 
to 27 . For these configurations the propellers were 
operating at 0.4 normal rated power, the transition was 
fixed, and the cowl and intercooler flaps were closed. 

Standard confj_gTation. - With the standard configu
ration and flaps deflected },oo (fig . 25(b)), the initial 
stall on the wing occurred ahead or~ the ailerons and was 

I 

I 

j 
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followed oy separation between the nacelles. For all 
angles of attack and all flap deflections, separation 
occurred on the part of the flaps bla~eted 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 iri1prove 
the flow over the flaps . It was tbought t:i:iat Sf'3parated 
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 ,ere therefore directed to~ard improving the 
air flow at the inboard nacelles. 

r1 odifications . - With double slotted i:1.board flaps 
deflected 400 (fig . 2 6 (b)), the flow over the r l 0ht flap 
was not separated bat the left flap was stalled, as was 
the standard flap . From tasts r!1acle with the afterbody 
tips removed and with power off, the separation over the 
double slotted inboard flaps at 0.4 nor~al rat e d power 
appeare d to be caused by the afterbody tip , which 
deflected with the flap , and the dissyrr.metr:.r appeared to 
be associated with the rotation of t h e slipstream . \Vhen 
the standard flaps were continuous a~1d 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 lnboari afterbodies 4, as shown in 
figure l L~ , no stall occurr(!d on the flap or nacelle 
(fig . 26(d)) . ':1:'he same flow existed with trailing-edge 
extensions or- the flaps . With the standard flaps 
deflected within af terbodies 5 (fig. 26(e)), the flow 
over the flaps and afterbodies was not separated at any 
angle of at tack . Adding trailing-edce extensions had 
little effect on the flo·N if the extensions were cut out 
belov, the 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"'::loard nacelle within afterbody 5 or 
cutting the flap at t he nacelle. Trailing- edge exten 
sions and modified afterbodies, to a lesser extent , 
delayed separation on the inner ~ ing panels and thus 
&ggravated the tendency toward early tip stalling indi
cated by st a ll studies of the standard model . This 
effect could be minimized by reducing the wing-flap 
deflection. 
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FLO,V C-.tlAR.ACT.SRIST ICS AT THE TAIL 

The result s of turbulence surveys at the tail are 
present ed in fi gures 28 to 31 for the standard mode l and 
for several modifications . Diagrams showing the fl ow 
characteristics over t he wing for conditions at which 
surveys were made are given in fi gure 32. The turbulence 
data are presented as the varia tion of root-mean-square 
value of the vertical velocity deviations with vertical 
distance for several spanwise stations. Axia l velocity 
deviations we r e of the same order of magnitude as 
vertical velocity deviations . Eaximum values of the 
velocity deviatj_on are several times the root-mean-square 
values . The vertical velocity deviations may be inter
preted as angle-of-attack changes; for exampl e , a value 

of D°/4 of O. O~~ i s equivalent to a root-mean-square 
angle deviati on of slig~tly over 2°. 

Buffe ting t endencie s are difficult to evaluate 
quantitative l y because the root-mean-square deviation 
indicates neithe r the l ar ge fluctuations that may occur 
nor the frequency . Bo t h of these factors play an impor 
tant role in determining buffeting characteristics. The 
main value of the data presented is the indication of 
the effects of the modifications on the turbulent wake . 
The curves indicate the normal wake of the wing and 
nacelles by an incre a.se of t111•bulence. Beyond this main 
turbu lent wake , there are small peaks that define the 
edge of t he 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 shml\/ increases in dynamic 
pre s sure due to the s lipstream and depressions due to 
wing or nacelle wake . The point at which the maximum 
de pres sion occurs has been a ssumed to be the center of 
the wake . The variations of wake -center position with 
lift coe f'f icien t are given in .fi gures 36 and 37 for the 
standard and mod ified models . Except for displacement, 
the modifications changed t he prof ile of the dynamic 
pressure wake ver y little . 

The vertical position of the peak values of turbu
lence agree closely with the position of the dyna~ic
pressure wake centers . The vertical extent of the main 
turbulent wake is roughly t he same as that for the 
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dlnami c - p::-e s sure ;a)rn . A compar i c;on of t he turbu1ew::0 
and clyna.mi c-prassu-re - sll_rvey data indicates that only a 
sli ~ 1t amrn1nt of turbule nce is produced by the slipstream; 
the greeter part of the turbulence is produced by the 
wake of the wing and nace l les . 

Cruise Condition 

Standard configur&tion. - ?or the standard model with 
cowl and intercooler flaps closed (fi g . 28 ), the lar gest 
t urbulent wake and the maximum turbulence occurred at 
stat i ons 13 inches ri gh t and 27 inches left of the fuse 
lage center line , which are be~_1ind s t &lled parts of the 

wing (fig . 32) . The maximnm value of J v2/u obtained 
with c ow l and intercooler flaps closed was 0 . 04 . As shovm 
in fi gures 28 and 33 , the varia t ions of turbulence and 
dynamic pressure are different on thG left and right 
sides of the fuselage center line . The growth of turbu
l e nce on the l e ft side from the h i 3h - speed condition 
t h rough the cruj_se condition is illustrated in figure 29 . 
At stations to the r5. ght and le ft of the inboard nacelle 
( 13 t n . and 2 7 in . from fuse la .._, e cent e r line) the turbu
lence incr e ased with incr e asing a n gle of attack , Directly 
behind the nace lle , the turbulence dec reased slightly as 
the angle of attack increaQed from 4.4° to 7.6° . With 
increasing angle of attack, the wake centers moved up in 
relation to the elevator hinge line (figs . 29 and 36) . 

Combinations of chord e x tensions and modified nacelle 
afterbodies .- The effects of modifications , in general , 
were to red~uce the extent and magnit ude o_f the turbulence 
and to d isp lace the who l e turbulent wake downward. As 
shown in figure 28 , the gr eatest reduction in turbule nce 
was obtained with afterbodie s 4 in combination with 
trailing - ecige extensions . ThG combina tion of after 
bodies 5, trailing- e d ge ex t ensions , and l eading - edge 
g loves was somewhat less effoctivP,; and the combination 
of afterbodies 5 and tr ai li~g - edg c $X t ensions was the 
l east effect ive in r e ducing tur•bulence . The gr e ate st 
r e ductions in turbulence were obt a ine d at stations 
13 i n che s right and 27 inche s l e ft and right of the fuse 
lage cente r line . These reduct ions are apparently due 
to ~odification8 delayi~g separation on the wing at these 
stations . At the station directly beh ind the nac e lle s 
(20 in . ) , afterbodies 4 c aus e d a definito r eduction in 
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turbulence whereas afterbodies 5 caused little change. 
The downward displacement of the wake due to modifica
tions would be ;;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 
figures 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. 

Land i ng Condition 

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

models, the maxirrrun value of /~2 /u occurred below the 
elevator hinge line. 

With the flaps deflected within afterbodies 5, the 
turbulence was less than for the standard model. VJith 
flaps cont inuous and deflected through afterbodies 4, 
slightly gr eater turbulence was obtained than for the 
standard model. The increased turbulence was evidently 
due to the stall that occurred on the flap and lower 
part of the afterbody (fig . 26 ( c)). ·,a 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 Ai'JD LIFT CJIARAC•rERISTICS 

The variations of the parasite-drag coefficient with 
lift coefficient for the standard and modified model are 
shmm in figures 38 to 45 . The lift, drag, and pitching
moment characteristics for the cruise and lan.ding condi
tions are given in figures 46 to 52. Table III gives the 
numerical values of the drag changes due to modifications 
at several lift coefficients and th~ increments of 
maximum lift coefficients due to the modifications 
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obtained in the cruising condition . The data have not 
been i orrec t ed for support tarss or a~r-stream wisaline 
ment a n d therefore should nut be considered as absolute 
values nor sho~lc. the shape o~ the curves be considered 
correct. It is believed, howevor, that the chanses in 
drag and lift d1e to modifications would not be material l y 
affected by the applica t ion of such corrections . 

Cruis e Condition 

Inasmuch as flic;ht Reynolds numuers are much greater 
than that at 'Nhich the tests were conc.uc ted, the inter 
pre -ca t ioL1 of the drag reductions due to the n:odl.fications 
is dif'fi c 11_lt , parti~ularly in the range where separation 
occurs . The vnlue of dr,_g reductions obtair.ed at a given 
lift coeff:i..cient of the 1i10G.el may not be in agreement 
with reductions that would be obtained from tests of the 
full - s c ale airplane . The results of the model tests , 
however , are believoc1 to be indicative of the results 
that would be obtained from installation of the modifi 
cations on the airplane . 

1'1 igm~e 38 presents the data ob tained from runs made 
near the beginning , middle , and end of the investigation 
with fixed and natu1· al transit i on . The displacement of 
the test poin~s gives an in0ication of how closely tes t 
condi tioi1s (primarily 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::_:iid inc rease in drag occurs. 

The effect of Reynolds nu:nber on drag characteris 
tics with transition fixed is shown in figure 39. '11he 
drag for each model confi guration was lover at all lifts 

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

nu.i'nber of 2 . 6 x 10
6, an.d the knee in the drag c urves 

occurred at h i gher lifts with the higher Reynolds nu.i-nber . 

Chord extensions .- The effect 0.1. span and chord of 

tbe trailin6 - edge extensions in reducing drag is shown 
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in figure 4.0. At a lift coeffi.cient ·of O. 7 1 reduct ions 
with -0 . 3 -span and 0 .-6 - span extensions were approximately 

in the ratio of 3:4. The. 2¾-inch-chord extensions 

· r educed the drag somewhat more than the l~-inch cxten- 

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

the o . 6~span 1Linch-chord trailing - edge . extensions. 
2 

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

transit ion . The il- inch -chord O. 6-span trailing-edge 
2 

exte~sions reduced the drag coefficient of the model 
by 0 . 0038 with transition fixed at a lj_ft coefficient 
of 0 . 7 (fig. 4l(a)) . Ni th natural transition (fig . 41·( 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 o.8 appreciable reductions were obtained. Leading
edge ~loves reduced the drag coefficient by 0 .0028 at a 
lift coefficient of 0 . 7 with f i xed tran.sition 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 sults obtained with the wing modified in 
this manner are prob ab ly not so good as would be obtained 
if the wing were built to the r evised dimensions. 

Modifie d nacelle afterbodies.- All modified inboard 
nacelle afterbodie s reduced t he drag of the model at 
cruising lifts ( i~ig . L12 ) but had little effect at low 
lifts. The order of incr a asing effec tivene ss was after 
bodi3 s 2 , 3, 4, and 5. Modified afterbodies on all four 
nacelles reduced the drag at all lift coefficients. 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. 43). Four 
afterb odies 5 (fig . 44) were somewhat less effective in 
r educing the drag than four aft e rbodi e s 4. Modified 
nacelle aft e rbodies were the most effective individual 
modifications in reducing drag when considering both 
fixed and natural transition on the wing; however, 
trailing- edge extensions were sliehtly more effective 
with fixed transition . 

Propellers - off stall studies of the standard model 
(fi g . l B(c)) show that at a lift coefficient of about 0 .7 



NACA ARR No . L5J05 

the flow behind the inboard nacelles was se parated but 
the flow behind the outboard nacelJ.es was smooth. These 
studies and a consideration of the shape of the drag 
curves indicate that the modj_fied inboard afterbodies 
reduce the drag by delaying separation on the wing, 
whereas t he modified outboard a fterbodie s reduce the drag 
by i mprov i n g the afterbody form. This explanation 
probably accounts for the differences between the effec 
tiveness of the inboard and outboard afterbody 
modif ications . 

Cor,,binations of chord extensions and modified nacelle 
afterbodies . - The coinbination of chord extensions and 
modified nace l le afterb odies generally wa s more effective 
in re ducing drag than ei ther modification alone . Some of 
the more effective combinat i ons v1ith the drag-coefficient 
reductions at CT = 0 . 7 are as follows: 

.L, 

·-·- -
Fixed Natural Jilodifica t ion 

transition t ransition 
--· 

Four afterbodies ~ - and trail ing -
edge extens ions O. 001-1-5 0 . 0015 

Four afterbod i es 5 and trailing -
ed-'.?;e extens ion s 0 . 0038 0 . 0005 

Four afterbodies 5 and leading -
edg e g loves o. 001-1-6 0.0015 

Four afterbodies 5, leading - edge 
g l ove s , and trailin6 - edge 
extensions 0 . 0048 0 . 0017 

There appears to be no advantage in combining l eading 
edge g loves with afterbodies 4 for reducing drag. 

--

All modifications increased the maxLnum lift coeffi
cient of the model with either fixed or natural transi
tion , and most of' the modifications increased t he slope 
of the lift curve . 

Cowl and intercooler flaps open .- With the model in 
the s·tandard configuration, openi.ng t he cm·ll and 
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intercoo l er flaps c aused a large increase in drag . (Com
pare figs . h5 and 38 . ) The resultiYig high drag coeffi
cient vras decreased 0 , 0072 at a lift coefficient of 0 . 7 
by tb.0 addition of inboard afterbodies 5 and trailing
edge extensions or four afterbodies ~- and trailing-edge 
extensions ( fig . 45 ), It shou l d be noted that these 
modifications reduced t he drag coefficient approxi-
ma t a l 7r O. 00~.0 with cowl and j_ntercool.er flaps closed. 

Landing '.:;ond i tion 

The lift character i s t i c s for the standard and modi 
fied models with wing f l aps deflected 40° are presented 
in figu~e 52 . With t r ansition fixed and propellers off , 
t he same maximum lift coefficient was obtained with 
dou"f)le s l otted inboard f l aps or with standard flaps 
def l ected within afterbodies 5 as was obtaj_ned v✓ ith the 
model in t he standard configuration. 

In order to e l iminate 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 
i n a reduction of about 0 . 1 in the ma,-:imum lift coeffi
c ient . An addi t ional reduction would result if the out 
board flaps were cut . With flaps deflected through 
ei t her afterbodies 4 or 5, the addition of trailing-edge 
extensions increased the maximum lift coefficient by 
about 0 . 2; the resulting l i ft coefficient was greater in 
bot h cases than for the standard model. 

LONC-ITUDINAL STABILITY CHfulACTERISTICS 

Pitching- moment curves for the standard and modified 
model with prope l lers removed and horizontal tail off are 
presented in figures 11_6 to c.:; 1, Power-on pitching-moment 
curves with horizontal tai! on and off are presented in 
figures 53 to 55 . No corrections have been applied to 
the Ditching 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. 
Moment curves for · severa l elevator or stabilizer settings 
would be required . 
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As indicated by changes in the slopes of the pitching
mo~ent curves , leading - edge g loves and trailing - edge 
extensions caused appreciable reductions in lon0 i tudinal 
stabili ty. 

Cruise Condition 

~1th wing fla p s neutral and the horizontal tail on 
(fie , 53) , the pitching- moMent curves show that the model 
with chord extensions and modified afterbodies was less 
stable t han the standard mode l for all power conditions . 
Up to a lift coefficient of 0 . 6 , the comb ination of 
trailing- edge extensions and inboard afterbodies 5 changed 
the moment - curve slope dCm/dCL approximately 0 . 04 
to 0 . 06 from the standard configuration . The combination 
of leadins- edge gloves , trailinG-edee extensions , and 
afterbodics 5 changed the slope approximately 0 . 08 to 0.10 
fro~ the standard configuration. Above a lift coefficient 
of 0 . 6 , the modifications were more destabilizing , 
probably because the de l ayed se paration on the inner wing 
panel results in increased downwash. A satisfactory 
cornp::,omisc between the adverse stability changes and flon 
and. drag improvements due to trailing-edge extensions 
could probably be obtained wi t h an extension having a 
smaller chord t. a ·, , those tested . 

Landing Condition 

With wing flaps deflected , horlzontal tail on, and 
pro:i_)ellers operating at O. ~. normal rated power (fig. 54(b)), 
the slope of the pitc'1. ing- moment curve was ap_proxi 
mately 0 . 04 less necat ive (r:1odel less stable) with the 
cor:1bination of trailir:g - edg1:,; extensions and afterbodies 5 
on the mode l . With leading- ed;e g loves, trailing- edge 
extensions , and afterbodies 5 on the model , the slope of 
the moment curve was O. C)? l ess negative than with the 
modeJ. in the standard configuration. ·;n th propBllers 
operating at zero thrust (fig . 54(a)) , only a slight 
chan6 e in t he slope of the moment curve was caused by 
either modification. The adverse effects on stability 
could be mininized b~ reducing the flap deflection . 
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C O N C L U S I O N S 

From an investigation of a model of a four-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 characte ristics 
of the model were obtained with certain modifications . 
The improvements were indicated on the basis of improved 
flow over the wing and deflected flaps , r educed turbulence 
in the r egion of the tai l, and reduc ed drag . 

2 . Trailing - edge extensions were the most effective 
individual modification in i mpr oving the flow over the 
wing wj_ th wing flaps neutral , cowl and intercooler flaps 
closed . Mod ified nacelle afterbodies were the most effec 
tive individual modif ication in reducing drag with either 
fixed or natural transition on the wing ; however, trailing
edge ex tensions were slightly more effective with fixed 
transition . Four afterbodies 4 (a beaver-tail type) a lone 
were superior to four afterbodies 5 (an extended conven 
ti onal afterbody) alone in reducing drag. Com·oinations 
of either leading - or trailing- edge extensions and modi
fied afterbodies ~ere more effective in delaying separa
t ion and reducing the drag than either modification alone . 

3 , With the model in the standard configuration, 
opening the 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 . 

~- . '..IJi th 'Ning .flaps deflecte d, enclosing the flap 
behind the inboard nacelle within 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 reducing the turbulence at the tail. 

5 . Although the r e sults of turbulenc & surveys made 
with a hot - wire anemometer do not indicate deflnitely 
that buffeting would occur with the standard mode l or 
that the modifications would eliminate buffeting, the 
~odi fications 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 trailing- edge extensions. In the landing condition , 
chord extensions also aggravated the tendency toward 
early tip stalling obtained with the standard model . 

7. All modifications increased the maximum lif t with 
wing flaps neutral and gave a ma.x.ir:rnm lift eq_ual to or 
greater than that for the standard model with wing flaps 
deflected except when the inboard flaps were cut out 
below afterbodies 4. 

Langley Memorial Aeronautical Laboratory 
Nat lonal Advisory Committee for Aer onaut ics 

Langley Field , Va. 
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TABLE I 

GENERAL SPECIFICATIONS OF MODEL 

Wing: 
Airfoil section . . . . . . . . . .. Davis 
Root - section tcickness , percent . . . . 22 .9 

Chord , ft . . . . . . . . . . • . 2 . 0 
Tip- section thickness , percent . . . . . . . ~ 9.3 

Chord , ft . . . . . . . .. 0.650 
Taper ratio . . . . . . • . . . .. 3.077:l 
Span , ft . . . . . . . . . 16.875 
Area , sq ft . • . . . . • . . •. 22.219 
Aspect ratio . • . . . . . . . . . .... 12.8 
I\'Iean aerodynamic chord , ft . • . . l.~l.ili 
Center-of-gravity locati on, percent ~ .A.C. 21~6 

Ab ove root chord , ft . . . . . . . . . . 0. 183 
~ehind leading edge of root chord, ft ... 0.525 

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

Geometric twist , deg .•••.••.. 
. . . . 3. 0 

• • 0 

-Puselage : 
Over-all length , ft . 
"1aximum diameter, ft 
Ma.,'\.imum frontal area, sq ft . 

. . . . . . . 10.386 
. 1.187 

. . . . . . . 1 . 107 

Nacelles: 
~rontal area (each) , sq ft .••... 
Incidence (with respect to wing chord), deg 

Horizontal ta i 1: 

0.450 
-3,0 

Ar' ea , sq ft . . . . . . . . . . . . . . . . . . 5 . 201 
Span , ft . . . . . . . . . . . , . . , 5 , 3 75 
Incidence (¥1th respect to fuselage 

center line), deg ..•.........• -1.0 
Elevator hinge - line location (fuselage 

horizontal) 
Horizontal distance roar of leadinr edge of 

root chord , ft . • . . • . . . . . . 5.866 
Vertical distance below loadinf edge of 

root chord, ft ....••.•...•• 0.031 

Pr opo 11::;r s ~ 

ffw.;1bGr • • . • . • • • . • • • • . • , • • • . 
Diameter , ft . . . . . • •..••. 
3lad_es . . . . . . . . . . . . . . . . 
Blade design . . • . • • Curtiss Wr i ght 

NATI ONAL ADVISORY C OMl'HTTEE FOR AERONA ur res 

. . . 4 
• 2. 082 

ioi6~1t 

7 
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TABLE II 

ORDLJATES F'OR FOVH,ER AND DOUBLE SLOTTED FLAPS 

Btations and ordinates given in inch8s and are measured 
from leading edge and reference line of Fowler fla~ 

6 .25 "---------

- - 1 .261
i~ 

--:;::::.-----~---

/ 
/ 

/ 

I 

-r===== ' 
~ 1,03n-;,-

/ 
/ 

Fowler flap 

Station Upper Lower 
surface surface 

0 0.196 I 0.196 
. 078 : ~~ I . 078 
.156 . 062 

7 12 . 554 . 048 :K69 . 632 . 044 
. 625 . 688 . 040 
.937 . 769 ,03i 

1 .250 .8~ . 02 
1.875 • 8L .- . 014 
2 . 500 . 821 . 006 
3, 125 ·l6o 0 4. 750 . 53 0 

. 375 . 522 0 
5. 000 . 366 0 
5. 625 .220 0 
~-25 . 040 0 

L .E. radius~ O. J.2 5 

NATIONAL ADVISORY 
C0"11:i ITTE1 FOR AEROIJAUTICS 

II Double slotted flap 

-11---- Vane 

I St a tion Lower 
surface 

o.1f-6 0.06 
I ~) ' .12 • C. ~ 

. )_tl ·eo • ") 3 • 1- 6 

I, 
.78 .64 

1.03 . 75 
II 1.26 .82 
ll 

Fose of flap 

Station Upper Lower 
slu, face surface 

1.03 0.20 0.20 
1.11 . ft8 . 05 
l.l(i • ~-5 . 03 

11 

1. 3-+ . 56 -------
1. 50 .b4 -------
1. 66 .70 ---- - --

11 1.9~ -~8 ----- --
I 2.2 • 2 -------
I 2 .50 .82 -------
I 



TABLE III 

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

@r = o0 ; cowl and 1ntercooler flaps closed; R::::: 2,600,000] 

tiCDp with ACo with CL at f1r1t 1tall, p o.4 normal rated Modifications fixed tranaition natural trandt1on 
power, 

fixed transition 

ct :: 0.4 CL= 0.7 ct = 0.7 CL= 0.9 
(a) 

None -------- -------- -------- -------- 0.63 

CTwo arterbod1e s 2 0 -0.0005 -------- ------·-- o.64 

CTwo a.fterbodies 3 ,o -0.0010 -------- -------- 0.65 

CTwo afterbodies 4 0 -0.0015 -------- -------- -----------------------
CTwo afterbodie s 5 0 -0.0021 -------- -------- -----------------------

Four afterbodies 4 -o.oooa -0.0034 -0.0017 -0.0029 -----------------------
Four afterbod.1e• 5 -0.0006 -0.0027 -0.0011 -0.0021 -----------------------
L.E. glove, -0.0003 -0.0028 -0.0012 0.0019 0.75 

L.E. gloves, four afterbodle11 4 -0.0006 -o.oo42 -0.0004, 0 40.80 

L.E. gloves, four afterbodles 5 -0.0010 -o.oo46 -0.0015 -0.0016 do.79 

T.E. extensions -0.0003 -0.0038 0.0003 - 0.0010 0.84 

T.E. extensions, four afterbodies 4 -0.0008 -0.0045 -0.0015 -0.0029 0.91 

T . E . extensions, four afterbodies 5 -0.0002 -0.0038 -0 .0005 -0.0017 do,9-1 

L.E . gloves , T. E. ext ens i ons -------- -------- -o.ooo4 0 -----------------------
L,E. gl ove s, four afte r bodie e 4, 

d1.G4 T.E , extens i ons -0.0009 -0.0051 -0.0007 -0.0011 

L.E, glove s , four a fterbodie e 5, 4 0. 90 T.E, extens ione - 0.0006 - 0.0048 - 0. 0017 -0.0025 

AC!ux with 
propeller, orr 

Fixed Natural 
transition trandtlon 

(b) 

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

0.09 0.11 

0.07 0.10 

0.05 ----------
0.15 --~-------
0.15 

... ________ 

0.12 0.14 
0.17 0.20 

0.19 0.25 

---------- ----------
0.24 ----------
0 .28 ----------

z 
> 
0 
> 
> 
::0 
::0 

z 
0 

c-' 
C]l 

t...., 

0 
C]l 

aLift coefficient given is that at which separation or flow firet occurred on wing. 
bFor configurations with L, E , gloves, aee lift curves, 
°'Rhen two modified nacelle afterbodies were tested, they were fitted to inboard nacelles only. NATIONAL ADVISORY N> 
dstall etudie11 with modi.fled i nb oard arterbodi es onl7 . COMMITTEE FOR AERONAUTICS CJl 
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Material presented Form or data 
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(dH:) cooler flaD• 

Standard and mod1t1ed model, Cl : 7.60 
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Standard and mod1t1ed model, 4 ~ 12.1l d1atanoa CloH4 
Stall patteraa tor a\U"ny ccm41t1cma I•--------------------- --------------Stan4ard aodel ,. 0 Cl o• ad 
••----da------------------------------ J.t aga1nat vertical 0 Open 

-~----d.0----------------------------- d1at&DCa 40 CloHd 
Po• 1t1on ot •ak• canter ~ 0 Do. 
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Senral l"UDS •1th standard mod.el 

Effect or Reynolds nulli>er 
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0 
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Figure 2.- Model mounted in test section of Langley 19-foot pressure tunnel. 
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NACA ARR No. L5J05 Fig. 3 

Figure 3.- Standard nacelles. Sr= o0 • 
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Figure 5 . - Standard nacelles. Sr= 40°. 
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Figure 7.- Leading-edge gloves and trailing
edge extensions. 
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NACA ARR No. L5J05 Fig. 8a,b 

(a) Afterbody 2. 

(b) Afterbody 3. 

Figure 8.- Inboard nacelle afterbodies 2 and 3. 
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Figure 9.- Nacelle afterbody 4. 8r = o0
• 
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Figure 10.- Nacelle afterbody 5. Of= 0° . 
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NACA ARR No. L5J05 Fig. 14 

Figure 14. - Inboard nacelle afterbody 4. Sr s 40°. 



NACA ARR No. L5J05 Fig. 15 

Figure 15.- Inboard nacelle afterbody 5. 8r 40°. 
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Figure 16.- Double slotted inboard flap. 

l 



./6 

. /2 

Tc .08 

• J 

/4 Normal rated power ~/ 
~ 

(2000 hp) 
I v-

I /v 
/ / 

V 
/ 

.04 
/ / ' 

A / I:'." 

0.4 normal rated / / 
.........._ power 

(800 hp) 
./ / I I I I 

0 
/ / 

/ NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

~ I I I I I 

0 .4 .8 /2 J.6 20 24 28 

Figure 17.- Calculated thrust coefficient for one engine. Sea-level conditions. 

z 
> 
() 

> 
> 
:::0 
:::0 

z 
0 . 
r
c.n 
L, 

0 
CJ1 

'XJ 
f-• 

oq . 



'°I ~ l6 

l2 Stalled C. 
.8 

.4 ~~~~ 
~''~" 

O O 8 /6 
,~'.\.':\: 

/nti,rmiffent 
a Stoll 

(a) Trans1 t 1on r1xed; 
0.4 normal rated power. 

C. 

azl2.8 • 
CL• /.26 

'°I l6 

l2 

.8 

.4 

O O 8 /6 
a 

( __ .. -{} .-----... , 

, ........ I I .......... .., 

I I I I ------v------

• Unstolli,, 

k~I 
Direction 
of Flow 

NA llONAL ADVISORY 
COMMITlEE FOR AERONAUTICS 

(b) Natural trans1t1on; 
0,4 normal rated power. 

C. 

a -6 . .P 
CL •O. 61 

'°I l6 

l2 

.8 

.4 

O O 8 /6 
a 

(c) Trans1t1on r1xed; 
:t>ropellers orr. 

Figure 18,- Stall studies o f model in standard configuration. 

intercooler flaps closed; R:,:: 2,600,000. 

of = o0 ; cowl e.nl.l 

z 
> 
() 

> 
> 
:::0 
:::0 

z 
0 

r-' 
CJ1 
c:..... 
0 
CJ1 

1--' 
(X) 

I» 
I 

n 



2.01 l6 

C. l2 

.8 

.4 

O O 8 /6 
a 

..... - ...... ,, ........ 
I ----v----) 

{a) Leading-edge gloves. 
NATIONAL ADVISORY 

COMMITlEE FOR AERONAUTICS 

• Unstolled 

2.01 l6 

C. l2 

.8 

.4 

O O 8 /6 
a 

Stalled 

lnterm,lfent 
Stoll 

2.01 l6 

C. l2 

.8 

.4 

0 
0 8 16 

a 

(c} 1 L1nch-chord o. e-span 
2 

Oirecfion 
of Flow 

(b) 1 ;-1nch-chord o. 3-span 

tra111ng-edge extensions. tra111ng-edge extensions. 

2.01 l6 

C. l2 

.8 

.4 

O O 8 /6 
a 

,----' . ........ ___ 
I 11 I 

V 

(d) 2 .l....1nch-chord o. e-span 
4 

tra111ng-edge extensloI;lS, 

rigure 19.- Stall studies with leading-edge gloves and trailing-edge extensions. 

Sf o0 ; cowl and intercooler flaps closed; 0.4 normal rated power; transition 

fixed; R~2,600,000. 

z 
> 
0 
> 
> 
:::0 
:::0 

z 
0 



'°I l 6 

~ ~~~~ C. 
l 2 ~,,-s:"' .. ~,~~ .8 

Stal lfld /n t,rmi ffent 
.4 Stoll 

O O 8 /6 
a 

Gt' .:r 4.3° 
CL• Q45 (... : : 1 -----v-----

a ~ 6 . 4 • _ ..... -,, ... ___ _ 
CL• 0 64 ( ,, .. , . -----v-----

(a) Arterbo<11es 2. 
NATIONAL ADVISOIIY 

COMMITlEE FOR AERONAUTIC& 

~;. C. l2 

.8 

.4 

0 
0 8 /6 

a 

,..... I I ..... .., 

'-----{.}-------' 

(b) Arterbo<11es 3. 

• 1"~1 
Unstolled Oir,ction 

of Flow 

Figure 20.- Stall studies with modified inboard afterbodies 2 and 3, Sf a o0 ; cowl 

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

R = 2,600 , 000. 

z 
> 
0 
> 
> 
::0 
::0 

z 
0 

r"' 
(J1 
c...., 
0 
(J1 



'°I l6 

c.. l2 

.8 

.4 

O O 8 16 
a 

~:6. 4° ,----,,-
L 0.69 , 1, 1 ·----v-----

~ 
Stalled 

,~~"~ 
~~~~ ,~,~s: 

Intermittent 
Stoll 

NATIONAL AOVISORY 
COMMITTEE FOR AERONAUTICS 

c.. 

a:~/2.9° 
c<~tJ3 

'°I l6 

l2 

.8 

.4 

0 
0 8 /6 

a 

, ...... -II -- ......... 
I II I ·----v-----

I I I ......... .,.1 

·----v-----

, ........ I I ............ , .. ____ u------' 

(a) Leading-edge gloves. (b) Trailing-edge extensions. 

• Unstolled 

'"""I Direction 
of Aow 

'°I l6 

c.. l2 

.8 

.4 

0 
0 8 /6 

a 

Rough 

~:
1f1a :----- l: ---.... , 

L •----v---·• 

(c) Leading-edge gloves and 
trailing-edge extensions. 

Figure 21.- Stall studies with afterbodies 4 and chord extensions. of= o0
; cowl-

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

R% 2,600,000. 

z 
> 
0 
> 
> 
::0 
::0 

z 
0 

r' 
CJ1 
c..... 
0 
CJ1 



'°I ~ 16 

c, 
l2 

Stalled 
.8 

.4 ~~~\~ 
~:,..,~S: 

0 ,~:,..,-..:: 
0 8 16 

/nterm!lfenf a Stall 

0: =6 .4° 
c,,0.68 ,.-- - - If - ...... ._ 

' '------0-----.. 

a: , /2 .8° 
cL~1.19 ,.-- 1, ........ 

'-----{.}----) 

(a) Leading-edge gloves. 

201 16 

e,;_ l2 

.8 

.4 

0 
0 8 16 

a 

, ... .. --II ........ .. 
I 11 I ------v------

• Unslolled 

"'"'"'I Direction 
of Flow 

NATIONAL ADVISORY 
COMMITlEE FOR AERONAUTICS 

(b) Tra111ng-edge extensions. 

e,;_ 

O'; z/2.9° 
c,,1.36 

201 16 

l2 

.8 

.4 

0 
0 8 16 

a 

,..... I I ....... .., 

'-----{.}-----) 

(c) Leading-edge gloves and 
trailing-edge extensions. 

Figure 22,- Stall studies with afterbodies 5 and chord extensions. of= o0 ; 

cowl and intercooler flaps closed; 0,4 normal rated power; transition fixed; 

R :::< 2,600,000, 

z 
> 
0 
> 
> 
:::0 
:::0 

z 
0 

r-
(]1 

c.... 
0 
(]1 



NACA ARR No. L5J05 Fig. 23 

~ STALLED UNSTALLED • 
INTERMIT - DIRECTION ~ 
TENT STALL OF FLOW ~ 

a: = a.s· _ 
c, = 0.82 C I : ---) ----u----

a: =c3.0' 
, ......... - ' i -----, 

C, =O.t50 , ) 1 ,1 ------u---

'----'--'-l?ough 

4-f-krhoc/;es 4; 
er = 7. s• ___ feadmq-ed;Je q/ore5 
C, =0.80 ,: ____ -{) ___ -:) 

lfovgh /fovg/2 
Aflerbod1es 4,· /eac/;nq-

u.. = 6 _5 • _ , ~ gloves;lm111nq-
c, = 0_ 80 c:_:_-U-_:~) a:Jge e,rlens1ons 

• 

a: =8. 5° --• , I----c, =O. 84 .-- 1 1 -✓ ------0----

'--'-'--~ /i'ovgh 

• Af'ferbod/es 5; 
a: = 75 ____ , r-L€C!':!1nq-eclqeq/ores 
G. =O 79 c_----0------' 

~--'--~l?ou5h 

Jlflerhodtes 5; ler:,dll7q
a; = 6.5° ed;/1? q!oJeS_; 1n::til1nq
C, = 0. 78 c.:.-__ ) \.=--~edqe ~m1011s 

V NATIONAL ADVISORY 
COMMITTEE FOi AEJIONAUTICS 

Figure 23. -Co177,Partson of sfo// patterns wd/J standard and modified 

mo de/ of a HI cnerhc1enl of' oppro,r1mafe/y 0.8. 4 =0; cc w/ and 

mfercooler flaps closed; 04 normal roted power; trons1t10,'7 f'lxedj 
P. :o:;2_,600,000-



'°I 16 

12 c, 
.8 

.4 

O O 8 16 
a 

O::O• 
C,•0.05 ,-- " 

(a) Standard mOdel. 

'°I ~ 201 • 16 16 

I """I C. 
12 12 

Sia/led C. 
Unslolled .8 .8 Oireclion 

.4 ~~~t .4 
of Flow 

~,,~:,,.: 
0 '~''" O O 8 16 0 8 /6 

a /nlermil lent a 
Stoll 

a:..0.1· 
C,•008 (-- --.U.- -... -... , 

(b) Trailing-edge extensions. (c) Afterbodies 4 and 

NATIONAL ADVISORY 
COMMITTEE FOR AE.RONAUTICS 

trailing-edge extensions. 

,o. 16 

12 
C. 

.8 

.4 

0 
0 8 16 

a 

a::O.J• 
c, • 0.13 

• 

(d) Inboard afterbodies 5 
and trailing- edge 
extensions . 

Figure 24 , - Stall studies of standard and modified models. 8f = o0
; cowl and inter

cooler fl a ps open; 0 ,4 normal rated power; tran si tio n fi x ed; R'.::< 2,600,000, 

z 
> 
(") 

> 
> 
::0 
::0 

z 
0 

r 
C]1 

c:..... 
0 
C]1 



Figure 

201 l 6 

~ ~~~1~ l2 
~,,~~ c,, 
,~:,..~...;: .8 

S talled /ntermit t ent .4 
S tall 

0 
0 8 /6 

a 

( ..... ,, ---.. , 
" -----v-----

(-- --.U.-- --... 

(a ) 8 f = 10°. 

2.4 

c, 2.0 
281 

Rough 

a-;: 8.4° 

1.6 

1.2 

.8 
0 8 /6 

a 

" ---
' ------0------' 

CL., 2. 20 (-- --U.-- --.. , 

_ ... - --
1 J --- ... 

'-----{)-----... 

NATIONAL ADVISORY 
COM MITT EE FOR AEHONAUllCS 

25.- Stall studies of standard model with wing flaps 

• -~ 
"" Unstalled Dir~ction 

of Flow 

deflected. Cowl and 

i.ntercooler flaps closed; 0 , 4 normal rated power; transiti on f i x e d ; R= 2 , 600 , 000 , 

z 
> 
0 
> 
> 
:::0 
:::0 

z 
0 

r 
(J1 

c...., 
0 
(J1 

Cf 



(a) Standard model; 
a = 11· 6°. 

(d) Arterbod1es 4; rlaps cut 
out at nacelle; a= 11.e0• 

Sia/led lnlermtllenl 
Sia// 

• Unslo//ed 

(b) Double slotted rlap; 
a = 11. s0

• 

Rough 

k~I 
Oireclion 
of Flow 

(e) Arterbod1es 5; a = 11. 8°. 

NATIONAL ADVISORY 
COM MITT EE FOR AERONAUTICS 

(c ) Arterbod1es 4; flap 
continuous; a= 11.s0

• 

(r) Afterbod1es 5; tra111ng
edge extensions cut out; 
a = 11. 8°. 

Figure 26.- Flow over inboard flaps 

cooler flaps closed; 0.4 normal 

and afterbodies. 8f = 40°; cowl and inter-· 

rated power; transition fixed; R""' 2,600, ooo. 
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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 trailing-edge extensions; a=7.6 ;CL=o.91 
• Inboard afterbodies 5 and trailing-edge extensions; ~=7.6°;CL=0.91 
v Leading-edge gloves, inboard afterbodies 5, and trailing- edge 

extensions; a= 7,6°; CL= 0.90. 
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Figure 28.- Vertical velocity deviations in region of horizontal 
tail for standard and modified models. Or= o0

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



NACA ARR No. L5J05 Fig. 28b 

0 o Standard configuration; a= 8.5; CL= 0.82 
o Inboard afterbodies 5 and trailing-edge extensions; a=8.f; CL=l.01 
v Leading-edge gloves, inboard afte0bodies 5, and trailing-edge 
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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 tall for standard and 
modified models. 6f = o0 ; cowl and 1ntercooler flaps 
closed; transition fixed; 0.4 normal rated power; 
R ~ 2 , 600 , 000. 
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NACA ARR No. L5J05 Fig. 30 
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Figure 30.- Vertical velocity deviations in region of horizontal 
tail for standard and modified models. Or= o0 ; cowl and 
intercooler flaps open; transition fixed; 0.4 normal rated 
power; R:::::: 2,600,000. 



NACA ARR No. L5J05 

(a) Standard configuration. 
a= 12.7°; CL= 2.52. 

Fig. 3la-d 

(b) Inboard afterbodiea 4, 
flap continuous. 

a= 12.7°; CL= 2.51. 
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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. 



NACA ARR No. L5J05 Fig. 32a,b 
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Figure 32,- Stall patterns for conditions of 
turbulence surveys, Transition fixed; 
0.4 normal rated power; R-:=::::::::2,600,000. 
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Figure JJ.- Dynamic-pressure varia tion in the region of the horizontal tall, 

standard configuration; Or= o0 ; cowl and intercooler flaps closed; transition 

fixed; 0.4 normal rated power; R ~ 2,600,000. 
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Figure ,4.- Dynamic-pressure variation in the region of the horizontal tail, 
20 inches from fuselage center line. Standard configuration; Of= o0 ; 

cowl and intercooler flaps open; transition fixed; 0.4 normal rated power; 
R"" 2,600,000. 



NACA ARR No. L5J05 Fig. 35 
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Figure 36.- Dynamic-pressure variation in the region of the horizontal tall. 

Standard configuration; 6r = 40°; cowl and intercooler flaps closed; transition 

fixed; 0 .4 norma l rated poNer; R"= 2,600,000. 
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NACA ARR No. L5J05 Fig. 36 
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Figure 36.- Variation of location of dynamic-pressure wake 
center with lift coefficient. 5r = o0 ; 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 location of dynamic-pressure wake center 
with lift coefficient. or= 0°; cowl and intercooler flaps 
open; transition fixed; 0.4 normal rated power; R~ 2,600,000. 



.044 

.040 

.036 

.028 

.024 
-:4 

\ 

0 

Fixed transition--+--.. 
o Run 29 \. 
t:. Run 130 t----".+--'\--+--

9
-. -+------+----t 

a Run 251A \. 4 

Natural transition---1--.., \~·/ 
tJ Run 43 \. •, 
• Rwi 189 t---->,.+--+-/.,...._-+------+----t 
.d Run 250 \. ~ 

.4 .(5 .8 1.0 
NATIONAL ADVISORY 

COMMITTEE FOi AERONAUTICS 

Figure SB .- Drag characteristics obtained from several runs with model in the 
standard configuration. Br= o0 ; cowl and intercooler flaps closed; 

R ~ 2,600,000. 
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Figure 39 .- Drag charact eristi cs at two Reynolds numbe rs for st andard and modified 
models. Or= o0

; cowl and intercooler flaps closed; fixed transition. 
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Figure 40.- Drag characteristics with several trailing-edge extensions. of= o0 ; 

cowl and intercooler flaps closed; fixed transition; R;::::: 2,600 ,ODO. 
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(a) Fixed transition. 

Figure 41 .- Drag chsracteristics with leading-edge gloves and trailing-edge 
t ensions. bf = 0 ; cowl and intercooler flaps closed; Rz 2,600,.000. 
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Figure 42.- Drag characteristics with modified afterbodies. Or= o0 ; cowl and 
intercooler flaps closed; fixed transition; R::::i 2,600,000. 
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Figure 54.- Effect of modifications on pitching moment and lift. Sr= 40°; 
cowl and intercooler flaps closed; horizontal tail on; transition fixed; 
R;::::::: 2,600,000. 
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Figure 55,- Effect of modifications on pitching moment and lift, Propellers 
operating at 0.4 normal rated power; cowl and intercooler flaps closed; 
h orizontal tail off; transition fixed; R = 2,600,000, 
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