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VIND-DUNNEL TESTS OF AIR INLET ATD OUTLET
OPENINGS ON A STREAMLINE B0DY

'By John V. Zecker
U Vil u.- .;n.Y

.In connecfion with the general prodblem of cowling and
SOQlln% ar aircraft power plant located witain a fuselage,
ests were made in the WACA 8~foot high~sneed wind tunnel
to determine the effect on extvernal drag and on the pres-—
sure distridbution of air inlet openings located at the :
stagnation point of = st:(am_ﬁ;e body. Air outlet openings
located at the tail and s5% the 2l-nercent and 67%-parcent
stations of tae tody wers also investigatecd. Bouﬁiary—
rements were made ard correlated
25 Inadividual openings
da ef 8 %lomo and then practicable
d outlet openings were tested.
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carburetor air intale by a number of separate internal
gquets.  The central locaticn ©of the power plant is well
adapted to installations employing a single pusher vpropel-
ler at the tail or twin Iropellerﬁ on e wing driven
through extension shefte.
At the outgset of the presert investigation little in-
formation waszs zvailable in resard %o the characteristics of ’
inlet openings near tae nose of a streamline hodv. Previ~
ous tests had usually beer made witkout 2ir flow into the |
openings,. e condition never occurring in practice, and the ;
results were trerefore inconclusive. Little pressure~ ;
distribution or critical-speed data were availiable, and it !
was not krnown whether any appreciable laminar boundary layer |
could exist Dehind the inlet opvening. The presenti inves-
tigations were thus made primarily to deal with an airplane
arrangement with a tail propeller where gsome gain throush
low=drag laminar boundary layers would not be precluded by |
the disturbance due to a propeller at the nose, |
|
The vrincipal purpose of this investigation was to
determine the effect of carefully develored nose-inlet
openingsg on the external draz znd or the critical compres-—
gibility speed of a streamline body of *:volution FOr B
wide range of rates of air inlet. Pressure-distribution
and boundary-layer data wers obtained to aid irn interpret-
ing the drag results and to nermit the estimation of tae
critical speeds. Typical annular and tail-outlet openings
were similarly investisgated. In order to avoid possible
confusing ianterfercnece effeects, the inlet and the outlet
openings were tesgted arately, with the internal zir flow
being suvplied through wing duects from a blower located
outside of the wind tunnel., Represeantative combinations of
the inlet and outlet openings were thean tested without the
use of the blower, The effects oa external drag of a vpro-
truding gun in the inlet opening and of various internai-
duct arrangements near the noce were also included in the
investigation of the individuzl inlet openings,
The external drag cost of an inle% openipng at the nose
0f a smocth streamline “ody is senerally greater at low
Reynolds nuabers, when the openi sturd si
low-drag laminar houvandarr vers 3h
Reynolds numders, where ta n
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most waelly turbulent.
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tain full-scale coxditicy B 83 2
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numbers was simulated br artificislily fo
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L-300

Profile of the streamline bodv. It will be noticed that
the nose ordinates (tavle I) are 3iven only to the ouarter—
iengbh station. « Bevond this point, streamline~body ordi-
rates apoly. Several modifications of the st alvau duct

it

C
(fig. 1) that was used in most of the n
will te described later in the discus

GCutlie il the tail and an-
ANG a2 outb & the wing were
invesgtizatl s l-outlet prefiles
coircide the sitrear Various teail~
outlet areas were obtained by suceessively decreasing t
length of the body. The interual duct was of co? i
section to reprere:t typical practice in the desi

outlet ovenings,

The arnular: out X
exkaust the zir as rnearly ag 1o
rection. The a e
e rauantity of. ai

e

@ <t Dy b
"# 5 = O

¥
uzh te.oceupy the naximum

It should

merely typical

Biowe:r set-up.~ 4ir flow in the tests of the individ-
tal openings was cuppnlied by a 50-horcserower cenirifugal
blower mounted outside the wind %tunnel on *he floor of the
test chamber (figs. 6 and ?,. Freedom of the flosting
balance siructure was maintained by a mercury seal taat
connected the blower ict.to the wing duct leadines to the
medel, Tae sir fiow rough the mercury sezsl was at zight
angles to the loncgit nal {(drag) axis of tiae wiand tunnel
so that the flow had momentum in the drag direction.
Preliminary tests we made throushout the range c¢f bliower
speeds at zero air sveed ia the tunnel, with and without
2ir inlet, to determine whether tae pressures and flow at
vbBe mercury seal had any eifect on the drag scale readings.,

The flow was metered dbr a venturi installéd on the

alance ring between thae mercury seal and the model. Sev-
eral calibrations were rade with the venturi in its oper-
ating position by survering the flow in the duct with a
rake of 25 total-head and seven statie tubes.
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1

line body were obtairned by means of a small movable static
tubes The pregssure tubing was led through a channel iz
the wing to a rultiple-tube alcohol ranometer in the test
chamber.

Eounderv-layer reasurements.-~ The measurement of the
boundary-layer profiles used in determining tie transi-
tiion point and in showing the effeect on skin friection of
alr inlet was made with small survey units comprised of a
single static and four %total-head tubes. A discussion of
tae details of the method of determining the location of
transitior and a description of the small survey unit are
Ziven in refercsnce 6.

Wake survevs.-— In order to ascertain whether the drag-
force measturenerts were affesied by possible variations in
a

the wind-tunnel prascure qr,die‘t due to air inlet &t the

nose, momentum-—-licss measurements were made in tkhe wake be-
hind tkhe model with nose B. Vertical total-head loss pro-—
files were odtained at 25 spanwise stations vehind the
wing and boly at severzl rates of air inlet. . The effec-
tive drag of She bodr was obtained by subivracting from the ;
total drag of tLe section surveyed, the dreg of a corre- ’
sponéding section of $re wing.
BITRLLS

were made
required a

Tests i
streamline were
tests of t nings iy
miles per This speed w gidera
tions c¢f the available blower verformance ) the mag-—-
nitude of the drzg forces re for adeguate precision.

The tests were 'ﬁﬂCk Of 09 (re-
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Cp

=5

(Measured

~an3le of uttack referred to center line of streamline
body, dezreeas
external-drag ccefficient

<%

o

?r,

00

intern

body drag

drag of model)-(drag of wing alone)-{drag due to internal flow)
Gt
calculatced drag cocfficient duc to internal air flow
velocity Just ouvtside the boundary layer
veloeity in the boundary layer
distence from tlie nose of the streamline body, aloag
major axis
distarce from the nocve of the inlet openings., along
major axis
length of ncse measured from L/4 station
crdiunate measured from center line of streamline
body
rnose-profile ordinate meagured from tke inlet-opening
radius
value of y! 2t the IL/4 station
RESULMTS
be method of conputing tie velocity, the ifach aumber,
e Reyrnolds number in the S-fool kigh—-epeed tunnel is
ved in refereace 7.
he drag data a2re presented in terms of the external-~
oefficient Cp, »lotted as 2 funciion of the inter-
ow quantity coefficiernt P&/P, TV. The external-
cefficient reprecents the effective externs drag of
dv in the pressnce of tas wing; the drag due to the
al flow was deducted from the neasured effective
in all the teats.
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CDP' (combination) = GDF (inlet) + Cp_. (outlet)
Bl i g Fi

whence =
r / 2 L qldal
f Y (“o - DA .
A Lo \ s ey /-. ’ L € . bl e el (
CD?, (combination) = < 57 L + R
R ? L Q_O o

or, in terms of the mean tctal-pressure logs in the duct,

5
pPa N Fa “sl/“‘
< - i)
h ol s Sl T B T
CD . (comd A e 120 s el g 0 1 / }
F po*" e 4o L
It will be observed from ‘hese equatiocans that tlre
large internal draz in the inle%t tests and the thrust in
the outle’ tas%s ar~ Ttalanced in the combination tests
so tiat only a relativelr small internal drag due to totul“
bPressure losgeg in the duct ocecurs.

The internal flow guantity coelficient PQ/pOFV ig
the ratio of tiae mass flow through the iniernal ducts to
the mass flow at strean veloecity through the area F, +the
maxinum crcss—~sectional area of the body. The significance
of this parameter may become more clear if the densities
are asgumed equal, in which case PQ/P,FV = vp/V; that is,
the parameter is apnroximately equal to tae ratio of the
mean velocity *hrough the naximum section to the stream
velocity. If, as has been pronosed, the mazimum section
F were occupied bty =2 radial engine, then a definite value
of vp/V Tased orn the knowr air requir s
gine can be computed for the design speed of the airnlane.
The characteristics of tae various openings tested are
shown for values of pQ/p FV ranging from O to consider-
ably beyond thz values reqﬁired for modera radizl esnzine

at present-cay high speeds.

The precsure-distribution results obtained in tae
tests of the individual inlct and outlet orerings are pre-—
sented for o number of valucs of the ratio of mean veloce-
ity in the cpening to stream velocity v/V. This varameter
determines the local zongle of a*tack at the inlet nose lip
and hence zoverns the nressure distridbution over a2 Ziven

nose shape,

The characteristics of the streamline tecdy are saown
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ect of air inflow (nose B) on the boundary-
laver velocity profiles at two gstations on the Dody is

shown in

In figure 18 the changes in pressure distribution re-
saltizng from modifications of the 1lip shave of nose irlet
E-4 (ore of the intermediate shapes testod in developing
nose B) are Ziven., The force—-test results obtaired wita
these modifications showed that shaoes (a) and (©v) caused
very slight increases in external drag; the cut-out, (c),
bad no effect orn the drag. Major chanﬂes in the intermal
duect emploved with nose C (fiz, 19) had no measurable ef-
fects on either the external vressure distridbution or tae
externzal dras.

Optimum nose shzves for artitrary inlet-d 2g -
In order to make *o%oible the derivation of o ose
Profiles for inlet—-opening sizes other thar those investi-
gated, thae three nose prorfiles *ested were reduced to tae
same lengih (measured from the L/4 station of the stream-
line bodv) and the samwe depth. The ordinates thus obtained
are 3iven in table II and plotted in fizure 20. The marked
similarity of the profiles plotted in this way suggested
that optinum nose shares for intermediate inlet-opening
sizes on the streamlire body conld be obtaired either by
interpoclation or by tkLe use of the mcan of the three pro--
files of figure 20. The optimum nose lenzth as a function
of the inlet-oponing diamcter is 2iven in fizure 21. The
actual nose-profile ordinates for a Ziven inlet diameter
are relatecd to the nondimensional ordinates of figure 20
and table II, as follows:

< I\
= _(é__\"
X = j A

&

QT

where 1 is obtained from figure 21.

+

Similarly,

streamline body at the
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Figures 28 to 32 show the drag results odbtained
the combinations of inlets with three tail outlets. 3~
ure 23 compares the drag of the 63-percent annular outlet
with that of tail outlet C when tested in comdbination with
nose B,

0

€
4

9

i
|
5

The pressure-distridbution results odbtained with the
combinations are not shown because no consistent measur-—
able interference effects occurred; that is, the outlets
had Lo appreciable effects on the pressures at the inlets
and vice versa. Similarly, the trgnsition locations on
the combinations were the same as in the tests of the in-
let openings alone.

In figure %4 the drag of the nose B and tail € combi-
nation is conmpared with an estimate of the drag based on
the tests of tlhe single openings. The drag increments
(adove the streemline- body dras) due to nose B and tail C
were added to the strean iae—oody drag in making the esti-

mate.

The rain incrense in iras due to the guns (tadle III)
occurred at angles of attack other than zero as a result
of parti~l separation of the externnl flow at the Yop of
the nose as evidenced D 1

o
e

the pnressure-distribution plots
(fig. 35). Incrensing the rate of sir inlet had a benefi-
cial effect in reducing or nrovent:nv this separation,

The gsmooth-barrel connon had considerably less drag than
the machine 3un (sketched in fig, 35). Decreases in the
length of the varrel extending bevond the nose resulted

in appreciadle draj reductions. It has been found that
tae drag of n smooth-barrel gun was counsiderandbly reduszed
by replacing the sharp edge at the nuzzle of the gur with
a rounded edge of snall radius. It is cornsidered likely
that the unfavorable effects of .the suns would be sone-
what less in the hish Revnolds numoer (fixed transition)
conditiom than shown in tadble III, because no drag would
result fron disturbance of the laminar flow.

PRECISION

The accuracy of the vodr-dras determinations was some-—
what impaired by the hisgh dra=z of thae wing with fixed .tran-
sition relative to the bvody drag, the effective hody drasg
varying from about 0.5 to 0.3 of the wing dra2. 1In the
tests of the individual openings, additional sources of .er-

ror were the leakase of air in the external ducts and PO S—
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Body

transition.- The presence

of the wing had a pronounced effect on the press

tribution over the hody (fig.

ure ais-—
8 ) The local velocities

over the central portion were increased and the peak-

bPressure poiat was moved forwa
the disturbances due to the wi

of transition on the bodyr. (See

10,) There was a rapid forwar
point with Reynolds number so
Reynolds number transition oc

of the leading edze of the

wing (fig. 10).

rd. At low Reynolds numbers
ng controlled the location
sketch accompanying fige.
d movement of the transition
that at the highest test
curred considerably ahead

If a similar

R
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forward movement of transition with Reynolds number should
oceur under flight conditions, the extent of laminar Tlow
obtainable at full=gscale Reynolds number would Dde slight.,

Lritical speed.~ The variation with the Mach aumber
of the peak-pressure coefficient on top of the bvody (fig.
9) was found to azree well with the theoretical variation
(obtained from reference 8). Extrapolations of the low=-
speed, pneak-negative bPressure coefficients to the critical
pressure ccefficient (at which the speed of sound is at-
tained locally) were made accordine to the theory. The
critical Mach number of the streamline body alone was thus
found to be 0,84 (fig. 9), which corresponds to 500 miles
per hour at 20,000 feet (-12° F) in standard air. The
critical speed of a wing-body combination is consideradly
less than that of either comporent, owing to the increase
in peak-negative pressures on the wing due to the presence
of the bvody. (See reference 8.)

Effective body drag.- Fijure 1l shows the large dif-
ferences in drag at low Revnolds numbers between the fixed
and the natural transition conditions. Calculations based
on flat-pvlate skin-friction coerficients showed that these
differences are wholly accounted for by the chanses in skin

friction on the bodyr. The difference decreases with ine-
crcasing Revnolds number due to the forward rnovement of the
transition point (fig, 10). The rise in the drag coeffi-
cient at the hish Mach numbers is indicative of the ap-
broaching critical specd of the wing-body combination (eg=-
tirated Moy = 0.66). Comparison of the maznitude of the
low~specd drag coefficients with the results obtained in
reference 5 for the NACA 111 form indiecated that the flow
over the bYody was satisfactory. Tuft survevs corroboratcd
this conclusion. It was found, however, that the addition
of the body to the ving caused a local separation of the
flow at the trailinz ed3e of the wing. The cffective dreg
of the body was therefore somewhnt higher than it would
have been had 2 more efficient wing-body juncture been em-—
prloyed.

Nose-Inlet Ovnenings

in this investi=zation were develoned i
in which the nose shape and the length for a =
size were brogressively modified to odbtain the t
factory drag and pressure~distribution characteristi

Pressure distribution.~ The nose-inlet
na s

(oA

e
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was found that by takiny air into the body at sufficient-
ly high velocities, the high negative-pressure pealk which -
-occurred over the noses at low flows could be 2reatly re-
duced in ragnitude; for the smaller inlot sizeg, 3hc peoak
could be entirely eliminated Tnis result has the obvi= =
ouws beneficial effect of freatly increasing the critical
compressidbility s»necd which, as in the case of NACA cowl=
in% installations (refer OnC“ ?); is menerally fixed by
the magnitude of the 03 3 pDressures at the noses
In addition, i pinar soundary lavers 7
as ‘extonsive asg reznline nose could: be
obtained, The cn airmed at in doevels
oping nogses 3 minagce the pressure -veak
at as low an inie io as posgsidble and to ob~
tain a uni fo“m favorable pressure Iradiont similar to that
of the streanline body. TFizures 12(d) and (¢) show that:
the desired results were schieved when the inlet-velocity
ratios reached or exceeded 0.3 or 0.2 for noses B and C,
respectively.. Extensive laminar doundary lavers (fi%._l4)
were formed even before the peak was fully eliminated,
with values of AP (fieg. 18) ns hizh as 0.2.
For the lar se A, it was irpos-
sible eantirely t re peak, even with £,
inpractically hi (fiz. 12(a))« The
beazk was Ircatly inket wvelocitles but
little advansace - as attainable (fisg. -
14},
Comparison of tke pressurc disiriduiion of o ctream—
line body with those for the %tuhrse noses is mode in fizg-
ure 13 at a value of the flow coefficient corresponding
to high-speed flizht éconditloans and at zero flow.

Critical spseds.—~ The eritical lMach number correspond-—
iag to the pressure peak on the largest inlet oprening,
nose &, at a nractical rate of air-inlet (fiz., 13), is
0.64. 7ith the smaller inlets, noses 3 axnd C, no nressure
peal occurred, oand the indicated local velocity increments
were so cmall that the critical s»need of a fuselage em—
Ploying these skavncs would De cetermined by the cockopit g
enciosure or the wing-fuselanze juacture) that is, the high-
est local veloecity would oczur nt some noint other than ‘on H

the nose.

Fxvernal drag.~ Fijure 14 shows that the abrupt de-—
o nt of noses B and C at

creases in external-drag coe

S
lov ratss of flow ocecurrcd ns a conse gquence oif the forma-
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tion of cxtensive low~drag laminar boundary layers. This
bhenomenon did not occur with nose A because, as Drevi-—
ously discussed, the unfavorable pressure distribution
near the nose precluded the possibility of anpreciabdle
laminar flow. It will be noticed, however, that the drag
0f nose A showed a 7enernl decrease with increasing flow
coefficient as did the drags of noses B and C after the
laminer bovandary layers had been formed. Similar decreas-
es occurred with transition fixed (fig. 15).

In order to shed some light on the cause of the de-
crease in drayg with increasing sir-inlet veloecity, partial
boundary-layer velocity profiles were measured at two sta-
tiong, 0.15L a~nd 0,.35L, behind nose B with fixed transi-
tiox for a wide rangec of inlet-flow ratios. The results
(fig. 17) showed a decreas in the thickness of the turbu-
lent boundary laver as the rate of air-inlet velocity was
inereased in spite of ight decreases in the velocity
outside of the boundary layer. Two conclusions mav be
drawvn from this result

e & 1

(1) The losses over the forward part o

are decreased o air inlet ig inecr
(2) The skin friction over the main part of the body
ar of the 0.15L station) should in-
gatly with air inleiti

From the drag results (fig. 15), it is evident that
the decrease in losces at the nose more than compensates
for the slight increases in skin frictionm behind the nosec
becausc an over-all decrease in extcrnal dra 2 with air in-
NSl N ojc curs .

0}

e 2

In rogard to the masnitude of the
air inlet, figure 14 shows that tho oxt
nogses B and C wos recduced to less tha
line bodyr. For the fixed transition
Seé noses was apvdroximately . (€
linc body. With nose 4 in both cgsos, the
erably higher., Tests of %
with tail outlet € (rfi S
tive drag characterist
ings. The faet that the o
decreased to that of the s
flor by the fact that the w
somewhat less than for th
the passage of air throust
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fect on the external flow similar to a deccrease in the ef=
fective thickness of the body. ) le
The wako—gurvoy reosults (fig, 15) shew that the rato
of-draz decrense with alr-inlet~flow conefficient wnsg ac-— .
tunlly somewhat less than indicated by the force-test re-
oalto. The exaggerated effect shown by the force data 1s

believed due to lealtage nnd possible caantes in the tunnel-
pressuru ,raaﬂent a8 alr was renoved at the noge of the
Pody e daxinun lealk age would occur wvherc the pressure in
the duct system wag the Zreatest and nay account for part

of the maxinun discrepancy (7 vercent) vetween force and

wake drags occurring at gero flow, where stagnstion pres-

sure existed in the ductg. At a Fflow coefficient of about

O001l, the mean duct dressures, and hence leakase, reached
n peint the force ta azree

and walke de
e

a nininun: at this
eas flow cov

o

s
cillo ol AT t for bthe ranz
15, leakage effect
u

caanges in the buoy v o rate of
drag decrecase with air inlet.
Inlet—-opening size.- The size of the inlet opeaing in
an actual installation ghould be zoverned by considera-
tiong of both the external and internal flow. In a con= 2
sideration of the external drzs, it has been shown that

nose B, although twice ag large in area as nogse O, was

equally effective, so that elLJuP nose alcnt be emvloyed, -
depending on the guantity of air flow required., It has

also been chown that the opening must be desizned for an
inlet~velocity ratio of at laast N in orcder to permit

the rose-nressure veak to be eliminated. Eigher inlet ve-
locities would be of gome benoefit externally.

Eigh inlet—~veloclity ratios are detrimental to the
internal-duct efficiency because they necessitate large

expansions and make the Friction and bend losses hisgh,
is susgesgted in reference 9 that low inlet velociti
have an additional advantage to the internal flow in tha
comparatively large ecxpansions can be made efficiently
nsar the 1 owing to the natural spreading of the
streamiines at this noint,

The final compromise hetween the conflicting require-
ments of the internal and the external flows will depend
on the internal arrangement and the space availadble for
duetirg. In general, it is believed that efficient instal-
lations incorporating nose B or 0, should aave inlet-
elocity ratios in the range of 0.3 to 0,6.
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Danvuti n_of optinur for arbitivary
inlet—-onening sigzes Lf': . 20 an The method de-—
SC;lued under RESULT AZLOINE obtalﬁln, suitable nose=~inlet
shapes for ialet sizes other than those tested, is obvi~-
ously strictly apolicable only to openings on the modified
111 body form. It is possible, however, that the shapes
obtained by this method could be apnlied with good results
where only the bvasiec forebody profile was similar to the
111 body forme In such cases the value of X and Y
vsed in odbtaining the actusl nose ordinates would be some-
what arditrary, and care must de exercised to avoid
"stretching" the profiles Dbeyond anproximate gecometric
similarity to openin3s of oorreswonding size on the 111
body. OF course, wherever nossible, it would ve prefer-
able to use the nose B or ol nrofllos ddsractily &£ rom stles o r-
¢ of table I, with the specified profile for at least

dinatve

) q the fuseclage len3zth. being maintained.
uct_sha let _oveninfe.~ The modifi-
e W9 ¢ £ a conical expansion with
angle, rregular etp@n31on.formed :
for the 1% 1Ad'a oradual (40 equiv-

c..lcnt cone) annular sxransion obtained with the inner cowl,

None of these charges had a.pcasaraolw effect on-eithe

the external drag or ,he pressure distribution. Modifica-

tion (c) of figure 18 likewise had no effects. Modifica~

t igns {a) end (b) of fiﬂuro 18, however, caused slight

dreg increases and disturbed the external pressures at the

nose, These latter modif] i to infe-

icatioas are equivalent zif
rior nose shaves corresponding to emaller inlet sizes than
the basic nose B inlet. It will be observed that the
internal-duct shapes included both satisfactory and very
inefficient desizns and that neither had any external ef~
fects, provided the size of the inlet was not altered.

v

f noses B and C prob-
eller were located in
sence o* thie -lub 0
o

The desirable character
ably could mot be mealined d 0
front of the opening because the pr
spinner would alter the pressure dis
Loegtion of a' tractor propeller spme Gistance oehlnd the
nlet ovening avpears to offer some possibilities althousgh
the laminar flow Zains. would be llﬂltod

u’l

Ansle of attack.- The effect of increase in angle of
attack from 0° to 3.5° on the pressure distrivution ower
the top of nose B can be seen in' fisure B85, 'A considera-
bly higher air-inlet-velocity ratio is required to reduce
the pressure veak at 3.5 angle of attack than at 0° angle
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of attacke In 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
published) 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 higher angles
of atta Cko

OQutlet Openings

The outlet oveninzs tested were not optimum shanes
arrived at by o series of tests, as were the inlet oven-
ings. As previously stated, ther merely represented typ-
ical practice in the desisgn and the construction of out-
lets. It became apnparent during the course of the tests
that the openings had several undesirabdle characteristics,
but it was not feasidble at the time to extend the inves=—
tigation to include modifications. Further research em-
bracing the improvements that su<9sested themselves in the
course of this investigation is desiradle.

Pressure distridution.~ The effect on the pressure
distridution of air flow from the outlets was Senerally
unfavorable. In the case of the annular outletq (fig, 24)
a nefative-~pressure neak occurred at the aigher flow rates,
owing to an effective thickening of the body due to the
flow of exhaust air in the rear of the openinzgs. In some
cases the peak was sufficiently high to fix the critical
speed of the body. The pressure disturdbance at the 21-
percent outlet precipitated boundary-laver transition at
all outlet velocities.

The static pressure at the tail outlets (fig, 22
came more positive as the flow was increased. Thi
was due to the fact that the streamlines of bvoth the
ternal and the external flows were conversing at t

ing, resulting in consideradble contraction of the flow in

the rear of the outlet. Thus, about one-third of the to-
tal nressure (measured from Po/ at the tail outleto was
irn the form of static pnressure which, of cours increased

as the Tlow ratio was ndvanced. The static nreo ure in
the internal flow at the outlet tended to bec consideradly
more positive than that of the external flow near the tail
outlet, The high outlct pressures arc belicved to have
causced local separation of the external flow near the tail
outlets Se
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ternal drag.- The external drag with the 53-percent
outlet (fig, 25) at first decreased as the flow

S vanced bdecause of the elimination of the dead
air in the wake of the openiny, and then it increased
rapidly, probadbly because of the increasing skin friction
over the mart of the body in the wake of the outlet.

Similar dracs c%aracteristics were exhibited dy the
tail outlets wherever velocity ratios /¥, up %0 U5 or
Freater, could be aut tined, as in the case of taidle D and
F tested singly (fig. 23) anad tails B, O, and E tested in
combination with the nose inlets (figs. 28 to 31). The
ise in drag at the higher flow rates in the combination
tests is shown cencl lusively in figure 30 to be due to the.
tail outlets. When comvared on the basis of tail-outlet—
velocity ratio (fig, Z0) instead of flow coefficient (fiz,

29(a)), the dras obitained with three outlets of widely
different size shows close azrcement. The drag increase

o

.

at the higher te
be due to local
gtile \of the hil

>4t

ration of the externgl flow as a re=
et pressures,

mn

=5
Q

o}
l-outlet-velocity ratiog is believed to
e
o

ot 2
j )

e
u

"

The tail outlets were suverior to the ananular out-
lets. A comparison of tail € with $the 63-percent annular
outlet, in combination with nose B (fi 723) shows that in

e

4 °
spite of a2 somewhat larser arca the tail ouvtlet had the
lower drag throughout the ranze, particu arly at the
higher outlet velocities. A4s would bde expected, the com-
vParison was indevendent of the loecation of boundary-layer
transition tecause neither ovening had aav appreciable
effect on the transition location.

Outlet-ovening design.- The outlet veloecity is not
erbitrary as is the inlet velocity Dbut is fixed by the
internal total-pressure losses ard %tae pressure drop across
the system. From the staAd001at of the Lnterdal drag, it
is desirable to have the outlet total pressure as nearly
equal to the free—stream total vpressure as possidble so
that a minimum amount of energy will be left in the wake.
In well-designed sys tems, the internal total-pressure

losses are only a few verceant of the free-=stream total
bressure at high svecds. Under these conditions, the ideal
outlet total pressure is arproached and the 1nternal drag
is smalls, The relation betwesn internal total-pressure
loss and the ianternal drag was shown L“aer RESULTS. The
cutlet velocity at a given flight speed is readily calcu-
lable from estimates of the total-pressure losses and the
bressure drop across the svstem. A contraction or an ori-




ient (devendent on the cutlet shave)

the velocity as conputed from the vpressure
« With the tail outlets tesied, for example,
v 2%t the outlet was about 0.8 of the final veo-

AN

g
17
or the annular outlets, the cocfficient was rough-
a
£

-0

. aving thus obtained the velocity at the outlet,
Z the opening will depend on the required guan=
f 2ir flow,.

e

The economy of passing exactly the required amount of
cooling air through the internal srystem at all flight
speeds, is generally apnreciated. Variation in the size of
the exit opening is the most efficient method of control-
ling the rate of flow.

The shape of the onening is not critical as far as the
internal flow is concarned, proviiﬂé there are no expan-
sions. DTut the present tests have indicated that the ex-
ternal flow may be advercely affected if the static prege-
sures are 4iff from those of the main strecam near the
outlet. The raavec of the opening, therefo

re¢, should per
mit the internal alr to exhaust at the same static presg-
sure as exists in the externnl Flow near tiae openinge.s A
susgested optimum tail-ouvtlet shape is sketched in fisgure
26, and the Tlow characteristics are compared with thos

YLU 174 at one of the outlets tested “or ritat:
condition 0f freo-stroam total Pressure in the openin<

The desired conditions at the outlet are obvaincd in the
breposec opering by n"rlaav1nm the contraction of the out-
let 716w, The desired outlot conditions can Tte ~ttained

at any outlet location T" malting the streamiine of both
irternal snd extornal flows rarallel,

The optimum shape for an annular-outlet opening is
not as obvious as in the case of the tail outlets. Tt is
\"i -'1‘.(‘I1 im"
P

Y from figure 24, however, tant the todr fairin
e " ’

¥ tehind the outlet should be altered to rad
. (\ .,'

"

L (@]
the thickress of the bodyr and trus te .relieve the thick-
enine erfoct of btho ouflut £ Lowh Murthor research is reoc—
omiended to determine in detail the shapes reoquir

Five the minimum digiurbarce to the static-or

tion., Outlet total pressures in the sigai
range, from about 75 to 100 osrceat of stroam t :
sure, would be of vrincipal impcrtance in guch an investi=
S A (e 2
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. In regard to the relative merits of the annular and
the tail outlets for efrficient internal systems, it is
probadble that the optimum tail outlet will be superior to

the best possidle aunular outlet because tae high~velocity
Tlow from the annular ocvenings will generally increase the
skin friction of the portion of the body in the walke of
the outlet.

Inlet-Outlet Combinations

The combination tests (figs. 28 and 34) are of prin-
cipal interest in showing that the external draﬁ of the
Ybody with suitable inlet and outlet openings of practica-
ble size was no higher than that of the basic streamline
forme. This recult was obtained at rates of internal air
flow surfficient for cooling a radial engine located at the
maximum fusslage scction at moderate 0 high—~speed flight
conditions.

The variation of the rate of internal flow in the
combination tests was accomplish by mears of varying
the internal resistance. At the condition of maxinmum flow
attainabdle with a %iven outlet size, the internal losses
ware very snﬂll and consequeantly the outlet conditions
closely approached the ideal. The outlet velocities over
approxiwatel" the higher 25 mercent of the flow rance cov—
ered with each outlet 001rea30nd to provable high-—-sveed
flight outlet conditions; at lower flow rates the internal-
resistance losses were considersa vbly higher than s7ould be
encountered in present vractice. The actual maganitude of
the internal drag throushout the Flow range covered with

A

tall C is shown in fisure 27.

U

‘_.

The rise in aras at the hi
shown to be due to the unfavors

the higher outlot velocities (
tihaat by improving the outlet de
26, the rise in drag a5 the hig
be eliminated.

\
&) c u*et candi

It will be obrerred that the draz obtained for the
beast combinations vith fixed transition was, in zeneral,
siightly greater tinan for the streamline tody with tra_ml
tion fixed at the «ame station. The difference nay be
entirely accounted 79+ bv the higher drag of the carborun-—-
dum strip itself wlen .ocated at the nose of the inlet
ovenings, than when located in the thicker bouvndary laver
on the stireamline vody. In addition, it should be remem-—

=]

3




bered that the staticns selected Tor fixing the transition

on the streamline bedy are cutirelr arvitrary. Under ac-

tual flight conditions, transition on the streamline body
i

.
might occur somewini alead of the corres vonding station on
the noses, owing to the =reater length of the streamline
body. In thisg case., the dra3y of the streamline would be
relatively hizbher than ir the vresent cowvarisons.

The the inlet oveninys in the vresence of the
outlets, versa, was ler ss than it was
when the g8 were tested (See ficg. 34.)
A vart of effect, particu rates of inter-
nal flow, mav be Ay idual tests,
as has previousgly 10 contri i1
factor of secondary i difference in
the methods of resgs Wi that is, the
resistonee plates = ening in thae
combination teste srall tendecncey
to affect the exter ¢ 3

reasonable to Cxp*w%
would contridute

Comvarison wi C4_cowiing.— The results of refer-
exce 1 provide a Tz 18 for comparisen of tahs nlet~
outlet combination the NACA cowling, In the invesg-
tigation cited the bes* NACA cowling gshape of reference 2
was adavted in a $ypical fuselage installeti £
111 fuselage form. This basic streamline sh:
identical with the pody employed in tho pres 2
thae effective bodyv-drag coefficients with natural
tronsition, 0,040 and 8,055, resnectively., were practicolly
equal to the corresvonding drag coefficients, 0,042 and
0.054, obtained in this investigations, The flow ané the
boundary-larer conditions on the bacic shaves emdnloyed were
evidently Ldlt similar., The drags of the cowling witha
fixed and natural transition as given in refereance 1, with
cocling air flow, were reduced adbont 5 nercent to odtain
the external drazg necessory te the comparison. The results,
taken at the same Mach numher and at wvery nearly the sanme
Reyrolds number as in the bresent tests, arc shown on each
of the figures givine the regsults of the combination tests
(figs. 28, 29, and 31) v tail outlets.

The combinations %tested wers aerodrnamically superior
to the WACA cowlinw, particularly in the naturzl transi-
tion condition, where the inlets 3 and C pernit extensive
laminar flow,.
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The NACA cowling shape employed in the tecsts of ref-
rence 1 was novelowed (referonce 2) to have the hisghest
ritical speod, M,, = 0.63, of eight typical cowling
1apes of the same over-all dimensions. The eritical
speed of the Dbody alcne with the largest of the preseant
inlets, nose A, was’ Map = 0.64 at a practical rate of
air inlet (fig. 13)e. With the smaller inlets the eritical
speed was advanced to Moy ='0.84, the critical speed of
the basiec 111 fuselage shape.

(/)()O
=

2

(o)

CONCLUS

1., Modification of a stresmline body permitting air
inlet at the nose and outlet at the tail caa be accom-
plished without increasing the external dresg. Thus the
total drag cost of a vower-plant installation in such a
body should be calculadle from consideration of the inter-
nal system,

2e Wita practicadle rates of air flow throuzh suita-
bly shaped nose-inlet ooeninsgs, the local velocity distri-
bution can be made tc anvroach closely that of the dasic
streamline body; consequently, tue critical compressibili-
ty speed will be as high as that of the sireamline dody
and the same favorable laminar toundary-layer flow condi-

tions can be realized.

3. Further research is necessary to determine in de
tall the optimum outlet opening shapes that have baen sug-
gested by the revults of this investigation. It is pro-
posed that outlet openiniys should be desisnsd so that the

T

static pressure in the ianternal flow at the outiet is the
&9

U
samc as the static pressure in the external flow in the
vicinity of the opening,.

4, The in
size had no app
pressure distrit

ternal-duct shape near an iznlet of L ve
reciable effect on the exbternal draz or
bution,

¢ The location of a smooth-barrel 8un in the nose-
inlet openiny caused no appreciable increase in drag at

low angles of attack. The muzzle of the sun should be
glightly rounded, and th lensgth of barrel extending be-
yond the inlet should be as small as possidble .

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Ficld, Va,
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TABLE I

Ordinates of Streamline 3ody and Nose Inlets
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TABLE I (Continued)
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Crdinates for

TABLE II

(See fd=,

29)

Deriving Ontimum Nose Shaves for

Inlet Duct Sizes Other than Those Tested
Sy | AL SR (T TR
d/D = 0.53%6 | &/D = 0.379 | i/D = 0,268 Mean

0 0.0729 0,036 0.027 0.034
.C05 .091 L O7¢ .059 .080
SOL0 <119 100 . 089 .103
.020 .160 W13 F f .123 <139
. 030 .192 163 ] .152 169
.050 .247 PN . 204 .221
.075 303 . 259 .258 25
100 <352 304 +308 .321
.150 . 435 . 382 | .392 .403
200 501 448 462 «470
« 300 .603 % .555 o574 W57
.400 679 | 644 654 382
.500 . 740 } K1l . 740 . 7B4.
.600 .798 f .788 .804 P97
. 800 ,902 i .899 910 £904

1,000 1.000 ! 1,000 1,000 1,000
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TABLE III

Increase in Drag with Gun in Nose-Inlet Opening
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NACA ‘ Fig. 1
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INLET OPENINGS

44.00"
1475 /050"

905 —
755—*
— 635—
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e
o 370"

__________________ //.

TA/IL OUTLET A

STREAMLINE B0ODY
OUTLET OPENINGS

— NACA 27-2/2 AIRFO/IL

E /400" D (MAX1Um)

T
A

INLET -OUTLET  COMBINATIONS

SCALE:

Figure 1.~ Streamline body with general arrangement of inlet and outlet openings.
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NACA Figs.¢ ‘

Figure 3. -~ Nose inlet openings compared with streamline nose.
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Figure 4. Typical tail outlet opening.
Tail C.
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Fig. 6
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Figure &= Schematic disgram of sef-up 7or sests with blower:
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NACA

Figure 7. -~ General view of blower set-up in the test
speed wind tunnel.

chamber of the 8-foot hizgh-
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i Theoretich! pressures

5 on wing alone and on
R sireamiine body alone
e Uoper __L-4~| [Bottom of body]
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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.

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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location of the transition point on
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Figure 12.- The static pressure distribution over the nose inlet openings.
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Figure 17.- Boundary-layer velocity profiles at two sta-

tions for various air-inlet velocity ratios,
and the corresponding diagrams of local velocity distri-
bution over the top of the body. Nose B, fixed transi-
tion.
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Figure 22.- The static-pressure

distribution on the

[ T—t+— afterbody with a typical tail

outlet. Tail D.

Figure 23.- Variation with flow

coefficient of the
external-drag coefficient obtain-

ed with the tail outlet opening
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