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Fisgures 28 to 32 show the drag results obtained for
the combinations of inlets with three taill outlets B
ure 3 cormpareg the drag of the awpgrpont an nulor ou
with that of tall outlet C when tested in condination w
nose R, '

The pressure-digtridbution results obtained wiih the
com01aa,1ons are not shown because no coansistent measur-—
able interference effectws occurred; that is, the ouitlets
had no apm¢801ao?e effects on the »Dressures at the inlets
and vice versa. Sinilarly, the transition locations on
the combdlinationg weve the same as in the tests of the in-
lat openings alon@q

In figure %4 the drag of the nose B and tail ¢ combi-
nation is cowuarei with on estimate of the drae based orx
the tests of the single openings. The drag increments
(above the streemline-nody dras, due to nosge B and tail C
were added to the streanline-vody dvag in rmaking the eghi-

mate.

Thn rain incrense in iras due to the guns (tadvle ITI)
T

ocecurred at angles cof atltack other than zero as a result
of wa ruial separation of the externnl flow at the top of
the nose ag evidenced b» the Dressure-distridution Plots
(fig. 35). Increasing the rate of sir inlet Zad a benefi-
cinl effe A

: ct in reducing or preveating thie sevaration,
The gmooth-barrel connon had cornsideradbly leas drag bThary

the machine 3un (sketched in fig, 35). Decreases in the
length of the barrel extendiag bDevond the nosc resulted

in appreciadle draz reductions. It hag bDeecan found that
tae drasg of nosmooth-barrel gua was conside“mbly reduced
by replacing the shorp edge at the muzzle of the gun with

a rounded edge of snall radius. It is \Oi“llﬂ?“d likely
that the unfavorable effects of the Zuns would be soro-
wiaat less in the hish Revrolds nunoer (fixed trancsition)
condition than shown ian tadble III, because no drag weculd
result fromwdigtxr ance of the laminar flow.

.«m;IXCIu.LO

The accuracy of tlae vodr-dra= dete

. eterninations was some-—
what impaired by the high draz of the wing with fixed .tran-
sition relative to the bvodv d: the ef ve hody dras

varying from about 0.5 to C.3
tests of the individuval openias

. , itional souvrces of er-
ror were the leakane of air in the ext

i
rnal ducts and pos-

n
w©

e
wing draga. In th
FN
W]
e



sible chonges in the zradient due to the
removal or the addit g tunnel gstream. The
results obtained wiid] t combinatiocns, how-
ever, are velleved f sources of inaccuracy
‘because no air was a rom the tunnel and no
leakage was kely 4 of all external duct=—
ing. A~buoyancy cory t 10 percent of the ef-
Tective body drasg wa L of the force-test
resultss

The walte meoasgure early free of these

gsourc of error tral ce tests. Bvaluation

of tae 301o_blﬂ nagn -test errors will dbe
mede in the discusgi

The »nrecision of measurement of tle rate of internal
alr Tiow 1s considered to be of a nlzh enoush order sc
that the external drag determinations are »nractically un-—
affected by the small error in obtail: 1e iaternal drag,
excent 1pogsidbly in the case of the i 11l onenin® tests
at tae & S ~ates of alyr flow. Cnli® iocang of the ven-
turi Gurln” the tegts showed excellent azrcement.

The only significant sourceg of error in the Dpressure
data are duc to the inaccuracy of flow measurement and the
tunnel-wall effects. The maximun possi?ﬁte cranse in the
Pressure cecervicients due to the tunnel-wall effects was
computed to be cnly about 3 percent. Possible errors in
flow measurement could cause measurabdble changes in pressure

coerficients only at the lowest inlet veloceclity ratios.
DISCUSSION
Streamline Rody

Precssure distridution and transition.— The presence
of the wing had a pronounced effect on the pressure dis-
tridbution over the hmody (fig. &), The local velocities
over the central portion were 1ncreu~od and the Dpeai-
prOSGure point was moved forward, At low Reynolds numbdbers
the disturbances due to the wing controlled the locatlon
of transition on the body. {(See skotch accommnanying fisg,.
10.) There was a »apid forward movement of the transi tion
point with Reynolds number so that at the highest test
Reynolds number +{ransition occurred consideradly ahead
of the leading edze of the wing (fisg. 10). f a similar
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forward movement of transition with Reynolds number should
occur under flight conditions, the extent of laminar Tlow
obtainable at full=gcale Revnolds number would be slight,

ertlca;mgpeed ~ The variation with the Mach number
of the peak-vpressure coefficient on top of the dvody (fig.
9) was found to agree well w1tn the theoretical variation
(obtained from refercnce 8). Extrapolations of the low-
speed, peak-negative pressure coefficients to the critical
Pressure coefficient (at which the speed of sound is at-
tained locally) were made according to the theoryr. The
critical Mach anumber of the stre amllne bedy alone was thus
found to be 0.84 (fig. 2), which corresponds to 500 miles
per hour at 20,000 feet (-12° F) in standard air. The
critical sveed of a win 1g~body combination is consideradly
less than that of either componrent, owing to the increase
in peak-nezative bpressures on the wing due to the presence
of the body. (See reference 8,)

Effective body drag.- Figure 11 shows the large dif-
ferences in drag at low Revnolds numbers between the fixed
and the natural transition conditions. Calculationsg bhased
on flat*plate skin-friction coefficients showed that those
differeances are wholly accounted for by the chan<es in skin
friction on the bodr. The difference decreages with in-

3

2

creasing Roeyvnolds number due to the forward movenent of the

ion point (fiz. 10). The rise in the drag coeffi-
cient at the high Mach numbers is indicative of the ap-
broaching critical specd of the wing-body combination (eg-
timated Mgy = 0.66). Comparison of the magnitude of the
Low~specd drag coefficicnts with the rosults obtained in
reference 5 for the NACA 111 form indicated that the flow
over the body was catisfactory. Tuft surveys corroborated
this conclusion. It wag fouand, however, that the addition
of the body %to the wing caused a local separation of tho
flow at the trailinz cdze of the wing. The cffective dreg
of the body was therefore somewhnt algnor than it would
aave been had a2 more efficient wing-ovody Jjuncture heen om-
vloyved.

Nose-Inlet Omenings
Pressure digtribution.- The nose-inlet shapes emvloved
in this investization were dev oved in a series of tegts
in which the nose shave and the ]e gth feor a2 siven inlet
size were progressively modified to obbvain the most satig-
factory drag and pressmre~distribution cheracteristics. It
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tion of extensive low~drag laninar boundary larers. This
phenomenon did not occur with ncse A because, as vDrevi-
ously discussed, the uafavorable pressurc distribution
ncar the nose precluded the possibility of aopreciable
lamirar flow. It will be noticed, however, that the drag
0T nose A showed a 7Jenernl decrease with increasing flow
coefficient as did the dvags of noseg B and C ofter the
laminer boundnry layers had been formed., Similar decreas-—
es occurred with transition fixed (fig. 15).

In order to shed son
creasge 1in drag with incre
boundary-layer velocoity
**or“, 0,15L and 0,35L,
low for a wilde rango of
fig. 17) showed = Qucroa

N 1*ounda,ry laver ag

e .l

g:

iy

sed 1n spite ¢ nL“
1tmide of the bouQ’ﬂly la
ravn from thle regult:

(2) The gkin Tricti
7
{(to tho rear
creage sliignat

From the drag “ovulu
the decreacse in losces at
for the siight incrﬂﬂseﬁ
becausgo an ovor—all decre
l2% occurse.

In regard to the mam:
air inlst, figure 1: SNows
noses B and C weos reduced
line bodr. For tns fixeod
these nogses we apnproxima
line bvody. hltn nosc A 1
erny nicher. Testg of
w i il outlet ¢ (fig.
tive draz characterictics
inge. The fTact that the
decreased to Lthat of the
for by the fact that thoe
sonewhat less thon For th
the passage of air throusy

e lisght on the cause of the de-
asing air-inlet veloclity, mnartianl

Les were maa Gur ed a2t two sta-
d noge B with fixed transi-
inlet-ilow ratioso The results
ge in the thickness of the turdbu-—
e rate of air-inlet velocity was

ght decremses in the wvelocity
ayer. Two conclusions may be

1

he forward »art of the noge
e alr inlet is increased.

(fige 15), it is evident that
the nose more than componsates
in skin friction behind tho nose
ase in external dras with air inw-
nitude of the external draz with

s that thoe cxterasl drag with

to less than that of the strecan-

transition condition, the drag of
tely the some ag for the stream-—

n both cascs, the drag was congid=
the three noses in combianation
32) showed adout the same rela-

o8 the tests of the sinzle cpon=
external drag with thoe openings
streanline body mnay be accounted
wetted area with the openings is
¢ streamline body. In addition,

h the internal syrestem hos an ef—
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nted by U force-=tost re-
SU1tS-, Wown by the force dota i
believe- X to lzalage wnl pogssible caanses in the tunnel-
Presgure ’ alr wag renoved at the aocve af the
DOAY . _ nlz wonld occur vwhero the pressure 1in
the duct gvsten Wfs tne zreatest and wﬂy sccount for nard
0of the nmaxinua discropaney (7 mercent) botween Torce and
wake dra<ggs o ro fiow, where astosanstion pre
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a nialmung
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Inlet-oy .= The eize of the inlet opening In
actual iasvalla ponowld he goveraned by conglderasw
g of both the egterzﬁl and loternal flow., In o conw

hag ooen
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ot
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tion of tTlie eriterann

o ber n Y
n B, although Lee area as noge 0, was
equally offective, so that aope uisght be emvloyved,
devending on the qqanﬁi" low requlirod, it has
also besan chowrn that th pen ¢t Dbe desisned for an
inlet~velocity rat%o of at least 0.3 ia ovcder to parmit
the roge-=»nrecsagure veal tn be eliminoted. igher inlet ve-
locities would De of gome benotit exteraally.

dv=veloclbty ratios arse detrinen

nternal~duct efficienecy because they necess
xpansions and make the Yriction and bend Lo

s vu%%b ved in refercance 9 that low ianleot ve.

i

e

i 8

have an ald nel odvantase to the intornal
coa e expanslions can bo wmade o
n cewing to the natural spreading of the
this —oint,

r}f}?{\

r;wvireu

aternal and the >;ternal Tlows wil
on the internal arrangement and the anace avail

uwetivng., In quwrwa, 1% is balleved that effic
lations incoryo o1 C, gshould aave
velocity ratios in the rnmﬁe of G, 34

The finnl compromise bhetween the contliching
bl 1 3
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o D49,
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s« obther *haq tho
a afs)

"gtretening" the prof s Ttevond anproximate Joometric

¢ na 7e s aestod, is obvi-
ousWN pplicable only to openings on the modificd
111 body form. It iw pOunlbL\, Lowovc , that the shavpcs
obtained Dy this method could dbe mppli »d with good results
where only the bagic fbregodv »rofile was similar to the
111 body form. In such cases the value of X and Y
teed in odbtaininrg the acﬁual nose ordinates would be some=
what arb‘u”'r“, anid care must oo exercised to aveld

File '

e

similarity to openinis of correeponding wsize on the 111
bouy. 0Ff course, wherever nossibdble, it would oe prefer—
able Ho use the ross B or O profiles directly From the or-—
dinates of tadle I, with the specified profile for at least
cne-gua rt\r of the fuselage leasth being mwlnt L

s

niern

{1

cationg of figure 19 consisted of a conlcal expansion with
a 10?2 includ

Q. : large irresular expansion formed .
hv the cubt-out Ffor the inner cowl, and a @radual (4° equive
=lent cone) aion obtazined with the inner cowle
None of those caanges J._a meaguradle effect on ‘either
the xtﬂrnﬂi recscure cistridution. Modifica-
bion (c) of kowlee had no effecte., HModific
tiong (2) and f Figure 18, howcv&v caused siight
dreg iancreascs and disbturbed ths exte l Y ocﬂures at the
nose, Thegse latter modifica 1 -

e
caw . 1 C £
ricr nose shaves corresponding o emall@r inlot zizes than
the basic annge B iklet. It will be odbserved that the

internai-duct shapesg included both-gmciSIacLory anda very
inefficient desizns and that reither hnd any external eofi~
fects, provided the size of the inlet was not altered.

The desirable charschteristics of noses B and C Yo D
ahly could not be realized 17 2 propeller were 1o ,utod in

front of the ovening because the nresence of the hud cr

5

goinner weuld olter the 1 resgure distridbution over the nosess

Location of a tractor propej*or some digtance behind the
nlet owening awvpears to offer some possibilities although
the laminar flow gaing. would be linited,.

Angle of nit 2, C1T 4 = Tha eflect of

increase in angle of
attack from 07 to 7,59 on the pressure digtridbution over
the top of nose B can bo ssen in fisure 3#5. A considera-
. P .

bly higher air-inlet-=velocity ratio
nt

T g rcoguired to reduce
the pressure weak abt .57 angle of attack

han at 09 ansgle
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of attacke Ian flight, the inlet-velocity ratio would au-
tomatically increase with angle-of-attack increases owing
to decreases in the flight spoed, if the engine power were
assumed constant. Force-test data obtained with fixed
transition on a fuselaze model employing nose C (to be
pudblished) showed that the external drag, at an inlet-
velocity ratio of 0,56, was practically constant over thae
angle-~of-attack range of 0° to 3.5°., No data are avail-
able on the characteristics of the noses at highser angles
of attack,.

Outlet Openings

The outlet openings tested were not optimum shanes
arrived at by a series of tests, as were the inlet open=—
ings. As previously stated, ther merelr represented typ-
ical practice in the design and the coanstruction of out-
lets. It became appareant during the course of the tests
that the openings had several undesirable characteristics,
Pt it was not feasible at the time to extend the inves-—
tigation to include modifications. Further research em-
bracing the improvements that sugsested themselves in the
course of this 1nvest1€atlon ig desiradle.

Pressure distridbution.~ The effect on the pressure
distridbution of air flow From the outlets was enerally
unfavorable. In the case of the annular outlets (fig,

a negative-pressure neak occurred at the ﬂlanT flow
owing to an effective thickeniang of the body due to th
flow of exhaust air in the rear of the openings. In
cases the peak was sufficiently high to fix the critical
speed of the body. The pressure disturbance at the 21l-
percent outlet precipitated boundary-laver transition at

2ll outlet velocities.

t\‘ ;_5
o ®
ok DD

o]
o
=
6]

The static vpressure at .
came more positive as the fl increased., Thi
“was due to the fact that the streamlines of both t
ternal and the external flows were conversing at t 0
ing, resulting in consideradle contraction of the flow i
the rear of the outlet. Thus, adout one-~third of the to-
tal »ressure (measured :rom-_po) at the tall outlets was
in the feornm of static »ressure which, of course, increased
as the Tlow ratio was ndvanced. The static pre'uure in
the interaanl *low at 4ho outlet tendsd to Dbo conglderadvly
more mositive than that of the external flow near the tail
outlet, The high outlcot pressurecs arc belicved to have
causced local separation of the external flow near the tail
outletse

tﬁ, ail outlets (fig
ow g

t
wa
e

@]
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External dirog,- The external drag with the $Z-percent
annular outlet (fig. 25) at first decreased as the flow
rate was advanced becausc of %the elinination of the dead
alr in the wake of the opening, and thea it increased
rapidly, probadly because of the increasing skin friction
over the wmart of the body in the wake of the outlet.

Similar dracg chara@teris*ics were exhidited by the

tall outlets wherever velocity ratios ¥/V, un to 0.5 or
Ireater, could de attdlﬂed, as in the cage of %tails D and
F tested singly (fig., 22%) and tails 3, O, 2nd E tested in
combdination with the nose inlets (figs. 28 to 31). The
rise in 4r + : igher flow rates in the combination
tegts isg sively in figure 30 %o be due Ho the
tail outl h compared on the basis of tail-outlet—
velocity ot fiw, 50) instend of flow coefficient (fig,

N

o]

29(a)),

i i
T obtained with three outlets of wi
T ako Rt ogse arocuent. The drag incrcase
at the higher tail-outlet- ClO“’tV ratios is Dbelie
¢ due to 1 S
t

The teil outlets were guverior to the anaular out-
lets A comparison of tall € with the 83-mercent annular
ublet, in combiration with nose B (fig. 73) shows that in
spite cf o somowhat larser arca the tail ouvtlet had the
lower dras throughout the ranje, particularly at the
righer outlet velocities. As would be exvected, the com=

bParison was 1indevendent of the locaticn of boundarv-larver
transition because neither opening had anv apnreciable
ffect on the transition location.

P

Cutlet-ovae:r g design.~ The outlet valccity is not
ervitrary as 1s the inlet velocity dut ig fixed dr the
1ntﬁrnal total-pressure losgses ard the pressure Arop across
the system. From the standpoint of the Znternal drasg, it
is d@q’rable to have the outlet total pressure as nearly
equal to the frec—gtrean total »ressure as possidle so
that a minimum amount of euergy will de loft in the wake.,
In well-designed syvstems, the internal total-nreggsure
losses are onlv a few percent of the Free—=aitream total
Pressure at high specds, Under these coanditions, the ide
ountlet total pressure is arproached and the internal drag
is smalls, The relaticn betwesn internal total-pressure
loss and the internal drag wes shown under RESULTS. The
cutlet velocity at a given flizht snmeed 1g readily calcu-
lable from estinmates of the total-pressure losses and the
pressure 4dropn across the svetem. A ceontracition or an ori-
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In regard to the relative merits of the annular and
0 frici

the tail ocutlets for efrficient interral systemsa, 1t 1s
probabls that the optimum tall cutlet will be superior to
the bes% possible auwnular oubtlet bhecause thre high-velocity
Tlow from the arnular c»neninys will generally increcase the
skiL friction of the portion of the body in tle walke of
tae outlet. '
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e condlibtion of maxinum flow
attainadle with o <iven nuti gsirme, the internal losges
were very snnil and congegu 1y the outlet conditions
closely apnroached the i1deal., The outliet velocities over
annroxinately the higher 25 mercent of the flow ranfe cove
erad with Oﬂbﬂ outle corresnond s

ight ouvtlet condit

row"utmnoa logses were
e“voup“ﬂraa in nrege 2

the internal drag throuzhout the Tlow ran
tail € ig shown in figure 27,

cF oF ot e
V)J
®

The rige in Aras ot the hizher flow rates has been
s2own to be due to the unfavoradlc cubtlet conditions at
tae higher outlot velocities (fig. 30)., It is Telleved
tont by improving the outlet design os suzzgoated in fisure
22, the rise iz doag o’ the high oubtlot velociiies would
Ve elinminated,

It will that the drag obtained for the
beast combina rfixed trangition was, in Zeneral,
siightliyr are For the streamlice body with trangie-
tion fixed = statlion., The difference may dbe
entirely accorv v othe higher drag of the cerdborun-—
dum strip iteself wlien Located at the nose of the inled
owenings, than wheun located in the thicker dary laver

th e i

n n &
amline bYody. In add neuld be remem-—
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NACA N Fig. L

INLET OPENINGS -
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TAIL OUTLET A
STREAMLINE BODY
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/400" D (MAXIMUm)

INLET-OUTLET — COMBINATIONS
SCALE:

Figure 1.~ Streamline body with gencral arrangement of inlet and outlet openings.
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Figure 3. - Nose inlet openings compared with streamline nose.

Figure 4. Typical tail outlet opening.
Tail C.
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Figure 5.- Radial outlet opening at x = 0.63L.
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Figure 7. - General view of blower set-up in the test chamber of the 8-foot hizh-
speed wind tunnel. :
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Figure 8.- Measured static-pressure distribution about streamline body mounted on NACA 27-212

airfoil compared with theoretical distribution on wing alone and body alone.
M, 0.18; R, 7.6 x 10,

Figs.8,26. -

P=0
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Figure 26.- Sketch of flow conditions (no internal losses) for a tail outlet opening simi-
lar to those tested and for a suggested improved type.
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Pressure coefficient, P
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