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FOR UNSWEPT W NGS
By Robert E. Dannenberg

SUMMARY

A practical method, enploying a lofting technique, is presented for
determining the profile coordinates of an air inlet for the |eading edge
of an airfoil fromfornulas which are dependent only on the airfoil coor—
dinates and on t he hei ght of the opening. The usefulness of this method
is denonstrated by an analysis of the results of a wind—twnnel investiga—
tion of leading—edge inlets in an airfoil having the NACA 63;~0l2section.
The enalysis i ndi cates that satisfactory characteristics were obt ai ned
for this airfoil with inlets designed fram the fornul as. The anal ysis
includes a study of the effects of variation8 of inlet gecmetry on the
experimentally determined aerodynami c characteristics of the ducted air-

foil.

It was found during the course of the investigation that the base-
profile concept of thin-airfoil theory could be applied to a ducted alr—
foil with satisfactory results. With a given inlet and 1ts experi nental
vel ocity distribution as a reference, the change in the velocity dis—
tribution caused by a change in inlet profile was calculated and the
results agreed well with experiment. Anunerical exanple is included in

the appendi x.

IRTRODUCTION

Previ ous studies of W ng leading-edgs i nl ets have been confined, in
general, t 0 t hi ck wings and t 0 applications where rel atively smsll anounts
of air were to be supplied to installations such as radiators or carbu-
retors. References 1 through 3have shown by results of experinent that
the problemwith a leading—edge inlet in a thick wing (18—percent) is
mainly that of obtalning high pressures at the entrance to the cooler or
to the carburetor. The effect of the inlet em the maximumlift was small.

Wth a 15-percent—thick Wi ng (reference &), the influence of the inlet
design on the maxi mum Lift was greater. Additional data are available for

~TEOTRICD
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2 NACA RM A9KDZb

loading-edge inlets in relatively thick w ngs (15~ to 18-percent) for
radi ator applications where air flow ng through the wing is exhausted
fromthe surface of the wing (references 5 through 9) or at the trailing
edge of the wing (references 10 through 12).

Theoretical treatments of the problemof w ng leading-edge inlets in
references 13 and 14 have been concerned with two-dimensional airfoils wth
inlets at the leading edges and outlets at the trailing edges. In refer-
ence 13,the velocity dtstribution over the inlet sectiom IS cal cul ated
by a nethod of conformel mapping which is intricate and | aborious. Ref-
erence 1k is concerned with the exact formof symmetrical inlets for
uni formvel ocity distribution. The resulting inlet lips are inpractically
thin. Another type of theoretical devel opnent, given in references 15
and 16, deals with a symmetrical shape with outer surfaces which extend
to infi nity. The shapes of inlets derived by the nethods proposed in the
latter two references are not readily adaptable to canventional airfoil
sections.,

Wth the use of jet engines in conjunction with leading-edge inlets
in thin wings (10— to |&percent), itis desirable to increase the ratio
of the inlet height to the section thickness over that used in the pre-
viously mentioned references. The design of such inlets can have critical
effects en the aerodynamic characteristic8 of the wings. In addition, the
design of the inlet affects the performance of the engine through, mainly,
its effect en the magnitude Oof the ram pressure recovery. Little infor-
mation other than results of tests of inlets for specific airplanes of the
arnmed services has been avail able on the design of leading-edge inlets for
j et engines.

The investigation discussed in this report was undertaken to provide
a practical means of designing inlets to fit into the |eading edges of
straight or slightly tapered wings and to evaluate the effects of varia-
tions of the inlet geometry and of the velocity of the enteringfl ow.
This report presents the development of fornulas for specifying the pro-
file coordinates for lsading-edge i nlets, the experinental results for
such inlets in an airfoil having the NACA 63;-012 section, and an appli-
cation of thin-eirfoil theory to the cal cul at| on of the aerodynam c effects
of changes to the profile of the inlets. The nmpjority of the inlet shapes
tested were designed from the fornulas. The inlet profiles considered
differed widely in entrance height, in upper-lip radius, in stagger of the
lips, and in external chordw se proflle The shape of the internal duct
was consi dered to be beyond the scope of the investigation because of its
dependence on the type of instellestion,

SYMBOLS AND COEFFICIENTS

The synbol s which indicate geometric properties of the plain and
ducted airfoil sections are shown in figure 1. Al geometric synmbols
are in percent of the chord.
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A di stance from origin of upper-lip lsading-edge radius to chord
l'ine

B di stance from origin of |lower-lip leading—edgs radius to chord
line

c airfoil chord length

o external drag coefficient (excluding inlet i nternal drag), based
on airfoil area

ACp external increment of drag coefficlent caused by inlet, based on
airfoil area

Cr, lift coefficient based on airfoil area

cmc pitching-moment coefficient about quarter-chord line baaed on

/% airfoil area and airfoil chord

d inlet entrance hei ght

h di stance perpendicular to chord line

H total pressure, pounds per square foot

5% ram—recovery rati o

Moy critical Mach nunber

P static pressure, pounds per square foot

P pressur e coefficisnt (%)

q dynam ¢ pressure, pounds Per squars f oot

r inlet lip radius

R airfoil lsading-edge radius

S di stance parallel to chord |ine frem | eading edge of upper lip to
| eadi ng edge of |ower |ip of staggered inlet.

t maxi num t hi ckness of airfoil section

v | ocal velocity over symmetrical airfoil at zero smgle of attack

(See reference 17.)
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increnent of local velocity caused by addition of canber (See
reference 17.)

increment of |[ocal velocity caused by additionel | oad distribution
associated with angle of attack (gee reference 17.)

|l ocal velocity over ducted airfoll at zero angle of attack

increnment of |ocal velocity caused by change in Inlet—velocity
ratio

increment of |ocal velocity caused by change In external coordinates
of inlet

velocity, feet per second

inlet—velocityratio

distance al ong chord fromleading edge

di stance along chord fromleading edge for inlet wth stagger

di stance along chord from leading edge to station of naxinmm
airfoil thickness

external ordinate of Inlet section, measured perpendicularly from
line through origin of |ip radtus parallel to chord |ine

ordinate of airfoil seection, measured perpendicularly from chord
l'ine

increment of external ordinate of inlet section

maxi num external ordinate of inlet section at station X, measured
perpendicularly fromline through origin of lip radius paralle
to chord line

angl e of attack of airfoil chord line, degrees

| argest acute angle between chord line and |ine normal to the upper
surface that passes through origin of |eading-edge radius, degrees

stagger (acute angle between 1line nornal to chord line and |ine
joining origins of upper-and lower-lip radii), degrees

The fol | owm ng subseripts are used in conJunction W th the above

synbol s and coefficients

0

free stream
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1 | ocal

L | ower

u uncorrect ed

U upper

1 in guc'; inlet at rake station (5 percent of chord behind leading
edge

DERI VATI ON OF INLET FROFILE

A leadingedgs Inlet designed by the nethod presented in this report
entails a change in the profile of the airfoll from the leading edge to
the station of maximmm airfoil thickness, Behind the latter station the
shape of the airfoil remains wmchanged. 5 nethod for determ ning the
profile for aninlet inan airfoil is presented in two parts, designated
asdesign step 1 and design Step 2. Design Step 1 provides a nethod for
t he design of a leading-edge Inlet of arbiltrary height, upper— and lower—
lip radii, end stagger for a symmetrical airfoll, Design Step 2 is con-
cerned primarilywith an alteration of the profile determined by step 1
to inprove the internal pressure-recovery characteristics at high angles

of attack.
Design of Inlets for Symetrical Airfoils

Design step 1.— In developing a lesading—edge inl et for a symstrical
airforl (frg. I(a)), the inlet lips can be considered as the forward por-
tions of the upper and |lower halves of the airfoil with the maxi num
ordinates decreased fromt/2to Y. 5 |lip sections are comsidered to
extend from the leading e to the station of nmaxi num thickness. 5
upper-lip profile (fig. L (b)) is derived by an affine transformation
fromthe original airfoil section as follows: 5 |lip ordinates are cal—
cul at edby reducing the airfoil ordinates in proportion to the thickness
ratio %—5‘. 5 upper—lip radius is assunmed to vary as the square of the
thicknessratio. 5 wvalues of the upper—surface ordinates end of "the

upper--lip radius are thus obtained from

Iy = Fw (ﬁg) (1)

v ()

and
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On the basis of the notation of figure 1, the maximumairfoil thick-
ness can be expressed as

t=d+ry+r,+2Y (3)

Test results have shown that a lower-lip radius of about ome-half the
upper-lip radius calculated fromequation (2) is, in general, satisfac-
tory. Wth a lower-lip radius equal to ome-half that of the upper lip,

the maxinum airfoil thickness is

t=d+%rU+2Y (4)

Substituting equation (2) into equation (4) and solving for Y yields

2+t Jt2—6R(A—1t) (5)

Y =
6R

whereas, 1if equation(3)is used in pl ace of equation (4),

~t% + t JtZ—LkR(d+ry~t)
Y =
4R (6)

Substituting this value of Y in equation (1) will produce ordinates
which fair snoothly into the upper-lip radius determinsd from equation
(2) and Into the airfoil preofile at the maxi mum thickness. 5 inner
surface of the lip is formed by a line tangent to the circle of radius .
r.and parallel to the chord line. Odinates calculated by use of equa-

tion (5) are dependent only on the inlet entrance height for a given air-
foil sectiom.

5 leading edge of the lower lip is located In the sane plane as
that of the symmetrical airfoil as Indicated in figure I(b). 1n order
that the external ordinates fair smothly into the smaller lower-lip
radius, the ordinates fromequation (1) are reduced linearly. The reduc-
tioninthe lower-lip ordinates i s obtained from

Oyp = sin B (rg—rp) < - ;) (7)

The value of g is measured fromthe profile of the symetrical airfoi
as shown in figure I(c). 5 external ordinates of the lower lip are

t hen e e

Ipp, = .YDU-AYD (8)
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Using a |inear reduction of ordinates in this manner introduces a small
change in the ffrst derivative (&yp/dx) at the position of maximum thick-
ness. However, this change is so nall that it may be ignored. 5
Inmersurface of the lip is formed by a line tangent to the circle of
radius ». and parallel to the chord |ine. Equatioms (7)and (8)can
also be used to cal cul ate t he change in ordinate resulting from an i NCrease
or decrease in the upper-lip radius conpared to the design val ue of equa-

tion (2).

5 | eading edges of the upper and lower lips of the inlet designed
in the foregoi ng manner lile-3in the same plane as the leading edge of the
plain airfoil. Locating the lsading edge of the lower |ip behind the
leading-edge location Of the plain airfoil introduces stagger into the
inlstprofile. 5 angle of atagger is shown in figure I(d). 5 ordi-
nate stations for the staggered lower | i p can be calculsted by a linsar
change in chordw se location froma value of S (fig. 1(d)) at the |ead-
ing edge t0 zero at the maximum thickness. \Wile the values of lip radius
end the ordinates remain unchanged, the modified chordw se stations are

x‘=x+S<x—'X'—I> (9)

Design step 2.- 5 results of tests with inlets designed from Step
1 indicated that the shape of the inner surface of the | ower 1ip was the
main factor contributing to an abrupt reduction in ram—pressure recovery
atemall angles Of attack. \WWen the |ower surface is |lowered and rounded,
as shown in figure | (e), the angle—of—attack range for maxi num ram—pressure
recovery was increased. For a given entrance height, this change permts
the additicmof a greater anount of cember, or droop, to the upper lip
than woul d be attainable if the lower |ip from design Step 1 were |eft
unaltered. For a practical amount of stagger, the upper—lip canber perm s-
sible with the lower lip unaltered is so 1imited that its aerodynam c con—

tributions are negligi bl e.

5 coordi nates of en inlet with a rounded immer surface of the | ower
lip and a drooped upper lip can be determned as follows: 5 distance
fromthe origin of the lower-Lip radius to the airfoil chord line is
i ncreased by en emount hy as shown in figure I (e). 5 optinum val ue
of by varies with the emount of | ower-|ip staggsr. Wth 20° stagger,
val ueS fram one-half to three-fourths times the |ower-lip radius are
recammended, Wth 40° stagger, val ues from one t 0 one-end—one-half times
the lower-lip radius are recommsnded. 5 maximum external ordinate Of
the lower lip is reduced to a value Y—hy. 5 external ordinates are
cal cul ated fromthe val ues given in equation (8)by the relation

(YDL> oo _ (Y;hL>yDL voon 1 (10)
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5 inner surface of the lower lip is joined to the internal duct at a
station 2 to 5 percent of the chord behind the |ip leading edge. - A para—
bolic curve is used in fairing this secticmof the lip (fig. I(e)).

As a result of the staggering and rounding of the lower lip, it is
necessary to droop the upper lip in order to maintain a comstant ratio of
d/t. To do this, the distance between the origin of the upper-lip radius
and the chord line is reduced by an amount he as shown in figure I(e).
The val ue of hy is determined by fairing the inner surface of the upper
lip so that the mean perpendicul ar height between the inmer surfaces of
the inlet is reduced to the original inlet opening height. It is recom—
mended that the inner surface of the upper lip join the circle of radius

tangentially at a point in which the radius is in a position approxi-
mately nornmal to the chord line. If a |linear reduction of ordinate were
used as in equations (7) and (8), the change in ordinate caused by the
droop of the upper lip would introduce a significant discontinuity in the
first derivative (dyD/dx) at the position of maxinum thickness. To insure
a snooth surface and a uniformfirst derivative, the external |ip ordin—
nates which follow fromthe nev lip-radius location are determined as
follows: A mean line | S selected from reference 17 having a maximum
ordinate at the sane chordw se station as that of the plain airfoil; 5
nmean-| i ne ordinates from the leading edge t 0 the maximum thickness are
expressed as fractious of the maximum nmean-line ordinate. These val ues
are substracted froml.0, multiplied by the val ue of hy, and finally sub-
tracted from the upper~lip ordi nate I Dy at each station. 5 resulting
upper lip 2s shown in figure |(e).

5 foregoing nmethod (steps 1 and 2) permts the determnation of the
chordwi se profile coordinates for the ducted airfoil section. 5 design
of the internal contour behind the 2— t0 5—percent—chord stations is
dependent upon the type of installation end is beyond the scope of this
report. Means of fairing the inlet shape into the airfoil in the span—
wi se direction are considered in the section Discussion under the heading

End- G osure Shape
Design of Inlets for Canbered Airfoils

In developing an inlet for a canbered airfoil, the camber is first
renoved to obtain the coordinates of the corresponding symetrical airfoi
section. The inlet is designed for the symetrical section by design
steps 1 and 2, 5 ordinates thus calculated and nmeasured from the chord
line of the synmmetrical airfoil section are combined normal to the mean
l'ine of the cambered airfoil secticmby the method given in reference 17
to obtain the inlet coordinates for the cambered airfoil secticm

APPARATUS Am TESTS

~To study the characteristics of inlets derived from the design nethod,
an airfoil wth various leading-edge inlets was nounted in one of the Anes
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7-by 10~foot wind tunnel 8 so that the span of the airfoil extended across
the 7—foot dimension of the test section as indicated in figure 2(a). The
airfoil had the NACA 63,—012 section end a comstant chord of 4.0 feet.

5 renovabl e inlet sec%i on covered the central 19.6percent of the airfoil
span, Aul inlets were nounted in the sane rel ati ve spanwise position on
the airfoll., Ta feeilitate nbDdel changes, a Sinple type of endfairing
was used during most of the investigation as shown in figure 2(b). An
inlet with a recormended end-cl osure shepe i s shown in figure 2(a).

Air was drawn through the inlets into ahollow spar in the airfoil
and then through a ducting systemby a compressor outside the test chanber.
A mercuryseal 1solated the model and the scal e system from the nechani cal
forces that woul d otherwise have been imposed by the external ducting.

5 quantity of air flow ng through the inlet was calculated fromthe pres-
sure drop across a calibrated orifice plate. 5 inlet pressure losses
wer e neasured by a rake of total-and static—pressure tubes5 percent of

t he chord behind the lsading edge. 5 rake was normal to the chord line
at the center of the Inlet. 5 arithmetic nean of the rake-tube pressure
neasurenents was used to calculatethe ram—recovery ratio. 5 pressure
distribution over the external surfaces of the inlets was measured by
orifices that were flush with the surfaces and were connected to multiple—
tube nmanonmeters, the readings of which were photographically recorded.

Tunnel -wal | corrections to the force measurements were applied accord~
ing to the nethods discussed 1n reference 18by the foll owi ng equations:

@ =ay + 0.303Cr,
GL = 0,953 cLu
cp = 0.9795 Cpy

5 test results are presented for a Mach nunber of 0.14 and a Reynol ds
number of 3,840,000 based on the airfoil chord.

5 external drag of each inlet was conputed by subtracting the drag
of the airfoil wthout inlet and the drag of the internal-flow system from
the total drag as measured by the w nd-tunnel scale system 5 internal
drag was conputed by the method given in reference 19 based on measurements
of the quantity of air flowing through the inlet. It may be seen readil
that a8 the airfoil and internal drag forces are large in conparison wit%,
the total drag force, any inaccurecy in nmeasurenent appears as alargeprO-
portion of the external drag force. Tm order to reduce this error to a
m ni num particul ar care was t aken in making all drag measurements; the
accuracy of the inlet external—drag coefficilents i S within +0.0002.
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RESULTS OF EXPERIMENTS

The leading-edge inlets tested are designated as either design inlets
or nodified tnmlets. Pertinent information for the determination of the

coordinates of the individual l|ips tested are presented in table |

5 design inlets were derived by the procedure given in design Steps
leand 2, Alower-lip radius of 0.30 percent of the airfoil chord was
selected for all inlets of the investigation. 5 aerodynamic character-
istics of the plain airfoil are given in figure 3,while those of the air—
foil with the design inlets are presented in figures & to 16 for the
fol | ow ng geometric arrangenents:

Stagger
a/t
/ (aeg)

0.15 0, 20
.20 0, 20, Lo
.25 0, 20, 40
.30 20

5 design inlets were nodified in two different ways. 5 first
type of modification consisted of reducing the upper-lip radius below the
design radius and determining the lip ordinates from equations simlar to
equations (7yand (8). 5 aerodynanic characteristica of the airfoils
with this type of lip nodification are given in figures 10(b), 11(b)}, 17
18, and 19. A second type of nodification to the design inlets consisted
of varying the ordinates above and bel ow the design values by use of a
conic |ofting procedure that altered the inlet profile and naintained
snooth curves. 5 lip radii remained unchanged during those nodifica-
tions. 5 pressure distributions on the second type of nodified 1ips
are shown in figures 20 end 21.

DI SCUSSI ON

In the application of the test results to the design of inlets, the
condi tions under which the data were obtained nust be taken into account.
Specifically, with the addition of an inlet to the airfoil, the flow over
the entire span of the airfoil VWas no |onger two—dimensional as the inlet
section extended over approximately one-fifth of the span. Thus the data
are representative of the airfoil characteristics and-should not be con-

strued as section characteristics
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) Design Inlets

Lift and nmonent.- The |ift-coefficient variation with the angle of
attack of the unducted airfoil is shown in figure 3,while the variation
for the airfoil with the design inlet8 is givenin figures 4, 6,8,and
10. Inthe latter figures, the experimental values of [ift coefficient
are shown for the |owest value of inlet-velocity ratio to give maxinum
1ift. Inspection ofthe lift curves reveals that the maximumlift coeffi-
cient Of the airfoil with any of the design inlets for zero internal flow
was | ess than that of the airfoil without the inlet. Increasing the inlet—
velocity ratio increased the meximm |ift coefficient until values equal
to that for the plain airfoil wereobtained. Further increase in the
inlet-velocity ratio did not increase the maximumlift. As shown in figure
12, increasing the inlet entrance height or the amount of stagger increased
the inlet-velocity ratio necessary for obtaining a maxi num lift equival ent
to that of the plain airfoil. The inlets did not change the lift—curve
slope appreciably. The pitching-=nat characteristics of the airfoil
with the inlets are not presented as no changes in the monents were noted
when conpared to those of the plain airfoil other than those associated
with the loss inlift at low inflow rates.

5 10oss of maximm |ift encountered with small inflow would not be
detrimental during normal operation for an airplane using a leading-edge
inlet for supplying air to a jet engine. For unaccelerated flight near
maximum | ift, the inlet-velocity ratio would be greater than unity and the
lift provided by the inlet section would be equivalent to that of the
section without the inlet. TIm case of an engine failure or a power-off
| andi ng, however, the loss of maximum |lift associated with low inflow
woul d be critical. A by-pass system may be necessary to forestall this
reduction of maxi mumlift.

External drag.-5 drag characteristics of the airfoil with and
Wi t hout a design inlet were determined fram the t unnel - scal e measurenents.
5 difference between the results was comsldered to represent the incre-
ment in external drag coefficient caused by the addition of an inlet to
the airfoil. These Increnental values for the various design inlets were
found to be independent of the entrance height and are, therefore, pre-
sented in figure 13as a single curve for a given inlet-velocity ratio
and angle of stagger for staggerangl es of 0°, 20°, end 10°. Inspection
of the figure indicates that the external drag increnents due to the
inlets are emall, 5 positive drag increments for an angle of attack of
0% and an inlet-velocity ratio of zero can probably be attributed to an
i ncrease of pressure drag due to the addition of the inlet, together with
a forward novenent of the position of transition fromleminar to-turbul ent
flow in the boundary layer. 5 reducticm of the exte.mal-drag increment
with increasing angle of attack and inlet-velocity ratio may be associ ated
with several factors, such as (1) changes in the pressure dragover the
ducted section of the span, (2) changes in the spanwise distribution of
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| oad, (3)changes in the localized "bubble™ of separated flow near the
| eadi ng edge along the part of the span occupied by an inlet, and (4)
~hanges i N the position of transitimm.

Ram pre ssure recovery. — 5 ram-recovery rati os for the design inlets
are shown as functrons of the angle of attack in figures 4, 6,8,and 10.
I nspection of these figures indicates that for the unetaggered inlets there
were sharp reductions In the ram—recovery ratio at |ow angles of attack.
Stagger Increased the angle-of-attack range for conplete pressure recovery.
In addition, the severity of the reduction in the rempressure recovery
with increasing angle of attack was |essened by the increased |ip stagger.

5 effects of changes of |ower-lip shape on the ram—recovery ratio
and on the pressure distribution over the outer surface of the lower lip
are shown in figure 1% foren inlet with a naminal rati o of entrance
hei ght to maximum airfoil thickness of 0.15 and a |ip stagger of 20°, The
results for the lower |ip devel oped from design step 1 are shown in figure
U(a). This |ip resulted in poor ram—pressure recovery. By drooping end
roundi ng the Inner surface of the lowerlip (design step 2) as noted in
figure 14(b) and particularly in figure 1k{e), the angl e-of -attack range
for maximm rem-pressure I ecovery was increased conailderably, Roundi ng
the immer surface of the [ower [ip not only delayed the internal-flow
separation to a higher angle of attack, but also reduced the effect of
inlet--velocity ratio on the rem—pressure recovery.5 effect of a change
in the upper-lip radius on the recovery characteristics of the inlet was
only slight, asindicated by a comparison of the results for the inlet
with a design upper-lip radius (fig. 4(c)) with the results fora nodified

lip radius (fig. 14(b)).

A change to the Inner-lip contour, as Indicated in figure 14, may al so
be considered as a change in the inclination of the axis of the internal—
flow system _The angle of inclination of the inlet showm in figure |&c)
measured 9.5°. The effect of inclination of the duct with respect to the
chord line is shown in reference 4 to have a marked effect upon ran-
pressure recovery. Inclination of the internal-flow system approxinately
10° to the chord’line was shown in the reference to be beneficial to the

ram~pressure I €COVery,

Pressure and vel ocity distribution.— The pressure—coefficient dis—
tributions over the center of the upper surface of each designinlet are
shown in figures 5,7,9, and 11. The pressure coefficients-between the
| eadi ng edge and the 15~ t 0 20~percent—chord Station weregreater or |ess
than those over the plain airfoil, depending on the inlet-velocity ratio.
In general, the pressure coefficients for values of inlet—velocity ratio
less than o.kto 0.8 were nore negative than those over the plain airfoil.
5 critical Mach numbers of the inlets conpared to the plain airfoil are
shown 4n figures 4, 6, 8, and 10. These Critical Mach numbers were esti—
mated by the method of reference 20 from the maxi mum|ocal Velocities over
the inlet |ip8 and over the plain airfoil.
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Conparison of the pressure distributions for the inlets with those
for the plain airfoil for stations between approxi mately 15— t0 20—percent
chord and 50— to 60—percent chord reveal ed that, in this region, the
pressure coefficients over the ducted secticns Were less negative than
those for the plain airfoil for all test val ues of inlet—velocity ratio.
Fromthe 50~ to 60-percent Sstation to the trailing edge, the pressure
di strilbuti ons remained essentially unchanged from those of the plain
airfoil.

Anal ysis of the pressure distributions over the design inlets reveal ed
that a change in inlet-velocity ratio introduced an increment of velocity
over the outer surface of the inlete that had a linear variation with inlet-
velocity ratio. For agiven inlet, the increnent of l|ocal-velocity ratio
corresponding t0 an inlet-velocity ratio of unity was eval uated as a func-
tion of chordw se | ocati on from t he experimental pressure-distribution

curves by the relation
(v,/v.) ~v, /v,
Oovy Lo (Vi/Vp) = n 1o (Vi/fVg) = m
(vl/vo)

m- n

where n and m are two values of inlet--Velocity ratio with m greater
than n, Figure 15(a) presents the val ues of

(ﬁ
Vo (vl/vo) =

fromthe experimental pressure-distribution data of lip 13 (fig. T(a))
where n = 0 and the value of m is indicated in the figure. 5 data
shown in figure 15(a) indicate that the velocity--increment ratio can be
represented by a single curve. Sinilar curves for various upper- and

| ower-1ip shapes and for Inlet—velocity ratios fromO0 to 1.6 and angl e8

of attack fromo® to 8%are presented in figure 15(b). Anal ysis indicated
that the increment--ratio curve was dependent on the size and |ocation of
the leading-edge radi us and independent of the external shape or the angle
of attack. It was noted that the effect ofchange in inflow rate omn the
velocity distribution over an inlet lip tended to vanish behind the maxi-
nmum thickness. For purposes of computation, the effect was found to be
negl i gi bl e behi nd the 15— to 20—percent chord stati on.

5 indication that the use of the velocity-Increnent ratio permts
the calcul ation of the change in pressure distribution caused by varia-
tions of inlet—velocity rati o suggests a means for shortening and sinplify-
ing Wi nd-tunnel or f£light investigatiomns Of air—induction Systens. Rather
than record the pressure distributions corresponding to nunerous inflow
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rates, it would suffice to record the pressure distribution for a mninum
of two inlet—velocity ratios and apply the velocity-increnment-ratio prin-
ciple to the calculation of the pressure distribution occurring with other
inlet-velocity ratios.

Predi ct ed drag-divergsnce Mach nunbers .-A nmethod of predicting the
Mach nunber Tor drag divergemce Of airfoil sections fromthe low—speed
pressure distributions and-the airfoil profiles was developed in refer-
ences 21 and 22. Briefly stated, the free-stream Mach nunber at which
the abrupt supercritical drag rise began was shown to be that Mach nunber
at which local sonic velocity occurred at the airfoil crest, the crest
bei ng defined as the point at which the airfoil surface is tangent to the
free~—stream direction. It was found that the free—stream Mech number for
whi ch sonic velocity occurred at the airfoil crest could be estimted by
t he Prendtl-Glaunertrel ations. The nethod is believed to be directly
applicable to NACA 6—sexries airfoils with leading-edge inlets, since ref-
erence 11 has shown experimental |y that variations of section character-
istics caused by conpressibility for a ducted airfoil closely paralleled
those for the conparable plain airfoil.

Filgure 16 presents a conparison of the predicted critical and the
predi ct ed drag-divergence Mach nunbers for the plain airfoil and the air—
foil withinlet 3=6(fig. 5(c)). These data indicate that the angle—of—
attack range for high drag-divergence speeds woul d extend over at | east
twi ce the angle—of—ettack range for high critical Mach nunbers. TIn
addition, the Mach nunber fordrag divergence, bei ng dependent on the
pressures behind 10 to 15percent of the chord, is practically independent
of the inlet-velocity ratio at small angles of attack. 5 predicted drag—
di vergence Mach nunbers of the design inlets tested (the data in figure
16(b)given by inlet 3-6are representative of all the design inlets) were
greater than those of the plain airfoil. This increase may possibly per-
mt a designer to use a thicker airfoil section if conbined with a leading—

edgo i nl et.

Modi fi ed Inlets

Upper—lipradius.- 5maxinum [ift characteristics of the airfoil
with the design inlets were, in general, satisfactory, However, the lip
pressure aistributions for inlet-velocity rati os of less than unity showed
the formati on of a pressure minimum near t he leading edge at angles of
attack within the low—drag range of the plain airfoil. In an attenpt to
obtain a pressure gradient near. the |eading edge (at | ow values of inlet-
velocity ratio) simlar to that of the plain airfoil, the upper—lip radi us
of the inleta having ratios of-the entrance height to the maxi mum airfoll
thi ckness of 0.15end 0.20 was varied from the design val ues of 0.006lk6c
and 0.00575¢ to 0.003c and 0.002c, respectively.
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5 effects of changesof the |lip radius on the maxi num1lift coeffi—
clent and on the critical Mach nunber of the airfoil with the Inlets are
shown in figure 17 for several inlet—velocity ratios, It is noted that,
from consideration of maximumlift, the dssign radius was close to opti-
mm Wth lip radii lessthan that of the design, the maximmlift
decreased rapidly at | ow inlst—velocity rati os. However, the negative
pressure peak8 at the leading edge of the lip at lowinlet-velocity ratios
were inproved by decreasing the |ip radius bel ow that of the design. As
shown in figure 19(a), a lip radius of 0.00k5¢c gave a favorabl e pressure
distribution that at zero inlet—velocity rati o was similar to that of the
airfoil. Wth increasing inlet—velocity rati o, the pressure coefficients
over the inlet becane |ess negative than those over the airfoil, resulting
in a nore favorable pressure gradient. Thecharacteristics of an inlet
with an upper-lip radius of 0.0045¢ and a ratio of inlet entrance height
to maximm airfoil thickness of 0.20 are given in figures 18(b) and 19(b).

In an attenpt to reduce the inlet~velocity rati o for maximm |ift
with the larger inlet entrance heights, the upper-lip radius of the nodi-
fied inlet shown in figures 10(b) and 11(b) was made greater than that
given by the design method as indicated in table |. Wth the increased
l'ip radius, the maximum|lift of the airfoil with the inlet operating at
an inlet-velocity ratio of approximately 0.9 was equal to that of the plain
airfoil. Comparison With the results in figure 12 shows t hat larger val ues
of lip radius than those Indicated by equatiom (2) appear to be benefici al
i n reduci ng the minimum inlet~velocity ratio required to provi de maxi mum
1ifft wlith inlets having large rati os of entrance height to the maximm
airfoil thickness.

External |ip shape.— TO sbudy the effect of wariation of the external
l'ip shape on the pressure distribution of inleta with a ratio of entrance
height to maximumairfoil thickness of0.15 and 0.25, the inlet contour
was changed as indicated in figures 20 and 21. 5 peak negative pressure
coefficients at the | eadi ng edge became | ess negative for inlet—velocity
rati oS less than unity as the average thickness of the |ip was increased.
However, the pressure coefficient6 fromapproximately 5 to 25percent of
the airfoil chord became nore negative. Behind the |atter station, the
pressure distribution was practically independent of the |ip shapeor the
inlet—velocityrati o. 5 thickness of the |ip cannot be increased indef-
initely W thout causing the formation of peak negative pressure coeffi-
cients a short distance behind the |eading edge.

5 maxi mum|lift and ram—pressure-recovery characteristics of the
inlet with the nmodified lips illustrated in figures 20 and 21 remained
unchanged from those of the design inlets shown in figures 4 and 8. 5
thinner lips of inlets 11-2 and 31-16 provided a | oss of maximmlift
with no internal flow, but the |ose of 1ift was recovered for inlet-
velocity ratios of 0.4 or greater. The external surfaces of the | ower
lip were varied in a simlar manner, but, a8 they had a negligible
effect on the pressure distribution on the upper surface and no apparent
effect on the 1ift or ram-pressure-—recovery characteristics, the results

are not presented.
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Comparison Of the velocity distribution corresponding to the pres-
sure distribution for any two of the upper lips of the inlets shown in
figure 20 (or 21) revealed a constant systematic difference between the
two velocity—distribution curves for any given val ue of inlet-velocity
ratio. These differences are designated as vel ocity-increnent ratios
avy [V, An equation, the solution of which yields the value of avg/v,
directly, is devel oped in the base-profile section of the airfoil theor
of reference 23. The calculation of the velocity—increment rati o Avs/Vg
resulting froma change in either the upper- or lower-lip externa
ordinates is acconplished by a solution of the equation using a nethod
of nunerical evaluation. A sanple calculation of the velocity distribu-
tion, resulting from a change in the ordinates of the upperlip 1 in
figure 20 to those of lip 9, is given in the appendix and the results are
shown in figure 22. A conparison of the conputed velocity distributions
with the experinmental velocity distribution for lip 9 is presented in
figure 22(c) for several values of |ift coefficient and an inlet-velocity
ratio of 0.4. Conputations made for any inlet-velocity ratio (0 to 1.6)
and lift coefficient within the linear range of |ift coefficients agreed
equal ly well with the experimental results. Simllar agreement between
t he comput ed and experimental vel ocity distributions was obtained for |ip
11 (fig. 20) with lip 1 as the reference and for lips 29 and 31(fig. 21)
with [ip 23as the reference.

End- Gl osure shape

The final step in the design of a leading-edge inlet is the devel—
opment Of an end—closure Shape to permt the ducted airfoil section to
fair smoothly into the plainairfoil in the spanwise direction. Results
fromwi nd-tunnel programs in which leading-edge i nl ets weredevel oped
for specific airplanes have indicated that both semcircular and rectan—
gular end-cl osure shapes are unsatisfactory. Wth these types of closure,
the short distance in the spanwise direction between the ducted and plain
airfoil sections resulted in abrupt transition sectiens. End-closure
shapes that faired i nto the plain airfoil in a distance from 1.5 to 2.0
times the inlet entrance height were satisfactory. The type of end-closure
shape devel oped in this investigation is shown in figure 23. The chordw se
profile of the inlet between spanwise stations N and O was obtained
from design steps 1 and 2, while the profile at stations Mand P
remained that of the plain airfoil. The inlet between stations Mand N
and between stations 0 and P was closed in a distance of 1.5 times the
entrance height. The external transition surfaces were formed by joining
t he same chordw se stations on the ducted and plain airfoil sectieme with
smooth and fair curves

The type of closure shape indicated in figure 23 was tested on the
airfoil with inlet 1912 as shown in figure 2(a), and the results are
given in figure 24, The upper-surface pressure distribution and ram
pressure recovery at the midspan of the inlet and the 1ift characteristics
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of the airfoil with the inlet and fairing shown in figure 2(b) were pre-
viously shown in figures 18(b) and 19(n). The pressure distribution over
section B (fig. 24(a)) did not show as large an effect of inlst—welocity
ratio as did the distribution over the midspan station. Thepressure
distribution was not measured over sections ¢ or D. As shown in fig-
ure 24(b), the rem-pressure recovery was relatively uniformalong the
span of the inlet. The drag and pitching-moment characteristics are
shown in figure 2&(c). A small change in the longitudinal stability
resul ted from the addition Of inlet 1922 to the airfoil, but there was
no appreci abl e effect of inlet~velocity rati o other than that associ ated
with the loss of maxinumlift at |ow values of inlet—veloecity ratio

DESI GN INLET FOR THE NACA 118 Al RFO L

To check the applicability of the design nethod to a radically dif-
ferent section, a |eading-edge inlet was applied to the NACA k418 airfoi
section, and. two-dimensional tests of this section were made in an 8- by
36—inch wind channel. The inlet was designed by the nethod outlined in th
section entitled "Derivation of Inlet Profile® under the heading "Design
of Inlets for Cembered Profile." The ratio of the inlet entramce hei ght
to the maximm airfoil thickmess was 0.21 and the Iips were staggered 10°.
Ram pressure recovery, external drag, and maximm 1ift were NOt NMeASUred.
Roth the critical and drag-divergence Mach numbers were predicted from
pressure-distribution data. The critical Mich nunbers of the airfoil with
the inlet for an inlet-velocity ratio of 0.4 were simlar to those of the
plain airfoil at section lift coefficients from-0.4 to 1.0. At higher
Inlet-velocity ratios, the predicted critical Mach nunbers were above those
of the plain airfoil. Aso, at an inlet--velocity ratio of 0.4, the inlet
operated without a pressure peak at the nose at section lift coefficients
fromo.27to 0.8. The predicted drag-divergence Mach number of the air—
foil with the inlet was greater than that of the plain airfoil by approx-
imately 0.03 for a section |ift coefficient of 0.k.These data indicate
that an inlet profile derived by the design method for a canbered airfoi
did not reduce the estinated critical or drag-divergesnce Mach nunber of
the section for inlet-velocity ratios greater than 0.4. No detrinenta
effects on other aerodynam c characteristics woul d be expected,

ESTIMATION OF VELOCITY DISTRIBUTION OF INLETS

No direct conputational method is currently available for the pre—
diction of the velocity distribution over an inlet in the | eadi ng edge of
an airfoil. A semiamalytical method is presented whereby the effects of

changes in inlet ordinates and inlet-velocity ratio can be cal cul ated.

It is stated in reference X7that in the determnation of the velocity
distribution over a glven airfoil, the effects of thickness distribution
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of camber, and of additional lift nay be considered as separate and inde—
pendent conponents as fol | ows:

v LV
V'O v.O vO VO

The val ues of the velocity-increnment ratios av/v, and Av, /v, for nost
conventional and |owdrag NACA airfoil sections aretabulated in refer-
ence 17.

For an airfoil having an inlet in the |eading edge, the local veloc-
ity ratio is assuned to be conposed of the above velocity—increment ratio0s
with the basic velocity ratio of the airfoil v/v, replaced by the ratio
v,/V, for the ducted airfoil. At present, the basic velocity ratio v,/V,
can Be determi ned onl y by experiment. As nentioned previously, the effect
of inlet--velocity ratio cmthe ducted-eirfoil vel ocity distribution can be
represented by the increnent ratio (av /v,) . This fact pernmts

(Va/fVo) = 2
the calculation of the velocity distribution corresponding to any val ue of
inlet—velocity ratio as fol |l ows:

1. Mulitply the increnent ratio (Ay/% )(v M) = 1 by a constant
1/¥0/ —

equal to the difference between the inlet—velocity ratio for the basic
velocity distribution and the given inlet-velocity ratio.

2. Add this product to the basic velocity ratio with proper regard
to sign.

Changes in the velocity distributiom caused by a change in the
external ordinates of the |ip can be evaluated by the application of
thin-airfoil theor%/ as previously discussed under the subheadi ng External
Lip shape. Thus the local--velocity ratio of a ducted airfoil may be

.represented as fol | ows:

V2 b . & o constant x <ﬂ> &y Sa (13)
Vo Vo Yo Vo (VofVo) = 1 Vo Jd-

A sanple calculation of the velocity distribution over a given inlet
profile is presented in the appendix.

The general ly satisfactory agreenent shown in figure 22 (and the
simlar agreement between any two of the upper lips illustrated in figs.
20 and 21) between the cal cul ated and experimental velocity distributions
may be taken as experinental verification of the validity of equation (13)
for the velocities over ducted airfoils. The equati onsmaybe expected
to apply with accuracy sufficient for design studies to calculations for
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profiles varying considerably fromthose involved herein. Calculations
nmade in connection with ducted airfoils, however, should be in keeping .
Wth the limts to the application of thin-airfoil theory as discussed in

reference 23,

CONCLUSIORS

The application Of the results presented in this report provides a
practical nmeans of designinginletstofit into the | eading edges of
straight or slightly tapered w ngs withthi cknesses of approximtely 12—
percent chord or greater. The general shape of the inlets can be derived
by a nethod that Is essentially a lofting technique. The profile coor-
dinates as well as the spanwise end-cl osure shapes are consi dered. Imlsts
so derived shoul d prove satisfactory with a mnimmof testing and altera—
tion.

The results of the present study of inlets installed in the |eading
edge of a wi ng having the NACA 633-~0l2section indicated the follow ng:

1. The airfoil with an inlet devised by the design nethod was found
to possess satisfactory aerodyanmiec characteristics, as conpared to the
plain airfoil, with regard to |ift, drag, pressure distribution, and pre-
di ct ed drag-divergsnce Mach nunber.

2, Imtroduction ofstagger, increasing the inlet entrance height,
or decreasing the leading-edge radi us of the upper lip had a del eterious
effect on the-maximumlift.

3. Increasing the anmpbunt of stagger and rounding t he inmner surface
of the lower lip inproved the ram—pressure recovery at high angles of
attack

k. A change in inlet-velocity rati o introduced an increment of veloc-
ity over the outer surface of an inlet that had a |inear variatiom Wi th
inlet—velocity ratio and was found to be independent of the angle of attack
t hroughout the linear portion of the lift curve. Behind the position of
maxi mum thickness Of the airfoil, the variation of inlet—velocity ratio
had no effect on the pressure distribution. ~

* 5. Wth a given inlet and the experimental velocity distribution of
the given inlet as a reference, the changs in the external velocity dis—
tribution caused by a smal| changs of the external ordinates of the inlet
can be caleculated by an application of the principles of thin-airfoil theory.
The low—speed |ift, drag, pitching-moment, and rem~pressurse—recovery char-
acteristics of the wing with the nodified inlet, to all practical purposes,
remai NS wnchanged from t hose of the wing with the given inlet.

Ames Aeronautical Laboratory,
National,Advisory Commlttee for Aeronautics,
Moffett Fiel d, Calif.



20 NACA RM ASKO2b

APPENDIX

SAVPLE CALCULATION OF TEE VELOCI TY DISTRIBUTION
OVER A GIVEN INLET PROFILE

In order to facilitate an understanding of a procedure to be followed
in estimating the veloeity distribution over a given inlet when the vel oc-
ity distribution of a base or reference inlet is known, anillustrative
exanple is presented. The exanple chosen is that of determning the veloc—
ity distribution over X1p 9 (fig. 20) for an inlet-velocity ratio of 0.4
using the coordinates and data of design lip 1 as a reference.

The increment of |ocal -velocity ratio avg/V, resulting from a
change in ordinate between the |ip radius and tﬁe position -of maximm
thickness i S cal culated froman equation developed in thin-airfoi

theory. It is shown in reference 23 that, if Av/e is the difference
between the ordinates of a given and a reference profile, the increnent
Avg /s due to the ordinate change can be expressed by the integral rela-
tion (equation (¥5)of reference 23).

ovg _ _ 1 [Emalsy) (6—60)
Vo 2:“/; ax v W (A1)

where 6 and 6, are new airfoil coordinates for x and x, defined
as

]
1

%(l—cos e)
(a2)

Xg

z(1-0Be)

and the subscript o indicates the position on the x axis for which
the velocity increnent Avg/¥, is desired. Thus & and 8, vary
fromo to = along the chord of the airfoil. Use of the integral in
equation (Al') presupposes the existence of a simlar ordinate change on
the |ower surface. However, in this application the ordinate change to
the lower surface is considered solely for purposes of conputation, as
the experimental results have shown that a nodification on the | ower
surface has no discernible effects on the velocity distribution over the
upper surface of the inlet.

The procedure is as follows: The coordinates of design lip 1,
which were derived by-the design nethod, and of |ip 9, which were
derived by alteration of the contour of design lip 1, are tabulated in
table I, The differences between the ordinates of the given inlet and
the reference inlet Ay/c are tabulated in table Il and plotted as &
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function of the chordwi se position in figure 22(a). The derivative
d(Ay/c) /a(x/c) was eval uated graphically, The values are tabulated in
table Il and plotted as a function of the chordw se position in figure
22(b). This derivative at the leading edge and at the position of max—
jmum thickness was arbitrarily set equal to zero.

The integral in equation (Al ) can be eveluated by a numerical method
as explained in reference 23. However, reference 2k presents another
met hod of evaluation that is more easily applied and will be used in the
remai nder of this example. A 40—point sol ution of equatiom (Al) is

IRICORCaNE

d(Ay) d(ay)
w (2] -]
e o« o« +
d(ay) d(4y)
. ¥ [ax] - [ ] (83)
wher e —20 =20
4al - (&y)
[%—I |sthevalueof‘1§ at 6, +
d(ay)
[d‘éx IlISthevaIueof é_ﬁy at eo+%
(p=1,-1, 2, =,. . . . . 20, —20)

The value of the ordinate and the derivative at station =z + 8 nust be
taken as the values at = — 6 but with opposite sign. Thus,

] - (]

Val ues of the conputational coefficients ay, obtained fromreference 24,
are tabulated in table Il for the 40-point and al so an 80-point sol ution.

48 -G
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In the sixth columm of table Il, values of chordw se station x/c
corresponding to equal intervals of @ (x/20 for a 40-point sol ution
and 2x/40 for an 80-point soluticm) are presented for the range of inte-
gration. The values of a{ay)/ax for these various values of & were
obtained from figure 22(b). Since no change of ordinate is mde behind
0.35chord, the values of da(Ay)/dx fromx/c = 0.35t0 the trailing
edge are equal te zero.

The value of Avg/V, was calculated from equation (A3) as follows:

Three paper tapes were arranged side by side. The first tape carried the
values Oof ak at appropriate intervals; the second carried the val ues

of la(ay)/ax 1 4 —oo »and the third, the values of
[ alay)/ax] | 2o DBy moving the latter two tapes with respect
, , - L 4 -
to the first, the values in the brackets of equation (A3) are brought into

juxtaposition with the conputational coefficients for the various val ues

of &. Arranged in cyclic form the value of avg/V, for 8 = x/20 is,

for exanple:

Avg/Vo = [ 0.5287 (0 — 0.0600) +

0.14824 (—0.0680 — 0.0136) +
0.07614 (-0.0600 + 0.0041) + -
0.10259 (—0.0136 + 0.0115) +
0.04024 (0. 0041 + 0.0144) +
0.06542 (0.0115 + 0.0096) +
0.02720 (0.01k4 + 0.0006) +

0.04588 (0.0096 + 0) +
0.01951 (0.0006 + 0) +
0.03333 (0+90) +. . . ] = =0.045

The val ues of avg/V, for 0 < @ S 8x/20are given in table ||

For purposes of conparison, the values of Avg/Vy for 0 < @ S 1lox/40

were conput ed usi ng the 80-point solution and are also given in table II.

It is readily apparent that near the leading edge a large difference :

existed in the calculated val ue of Avg/V,, depending on the type of -

solution. On the basis of conmparison with experimental results, the values

obt ai ned by use of the 80-point solution were satisfactory. Values

obt ai ned by use of a 160-point. solution Were in slightly closer agree- *
ment W th the experimental results. However, the difference between the
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val ues obtai ned by the 160-point sol ution conpared to the 80-point solu—
tion did not warrant the additional calculations. It iS recommended that,
“in determning the value of Avg/Vgy, the 80—pointsolution be used in
the interval 0< & < 8x/40 and that the &0 point sol ution be used for
the remainder of the interval up to the location of meximm thickness.

For an inlet-velocity ratio of 0.4 and at an angle of attack of 0°
(zero lift), the velocity distribution over |ip 1 was determ ned experi -

mentally (fig. %) and is tabulated in table II. The velocity distribu-
tion over lip 9 was found from
v v, A
1 v
(%) () men(®)  w

The ‘value Of Av,/V. was assuned equalto that of the NACA 63;-012air-

foil. The conputed veI00|ty distribution over lip 9 is tabulated in
table Il and is shown in the insert of figure 22(¢). The distribution
for various values of lift coefficient is shown in figure 22(c) conpared
to the experimental velocity distribution.

The | owspeed pressure coefficients are calculated from the vel ocity
distribution by the relation,

P=1-— (%)2 (85)

The variastion of pressure coefficient with Mach nunber can be estimated
by the Rarman-Tsien conpressibility relations, as discussed in reference

25.
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TABIE |

LEADING-EDGE INLET LIP DETAILS
[ Dimensions are in percent of airfoil chord}

Upper 1lip
a/t ﬁw Radius A External shame Type
ber K o
1 0.646 1.37 Design step 1 Design
3 646 1.00 Design step 2 To.
0.15 5 550 .98 Eq.(7) — Design step 2 | Modified
. 7 50 .96 Eq.(7) — Design step 2 Do.
9 646 1.37 Faired curve Do.
11 646 1.37 Falred curve Do.
13 575 1.6k Design step 1 Design
15 «575 i.25 Deslgn step 2 Do.
.20f 17 450 1.52 Eq.(7) — Design step 1| Modified
19 <450 1l.19 Eq.(T) — Design step 2 Do.
21 «200 1.52 Eq.(7) — Design step 1 Do.
23 «510 1.90 Deaign step 1 Design
25 «510 1.51 Design step 2 Do.
2511 27 510 l.21 Design step 2 Do.
29 «510 1.90 Faired curve Modifled
31 «510 1.90 Falired curve Do.
33 ko 1.8% Deslgn astep 2 Design
«30 _
35 . 543 1.h6 Eq.(7) — Design step 2| Modified
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TABIE | . - CONCLUDED
Lower 1lip
Stagger
angle Radius B External shape
(deg)

0 0.300 1.37 Design step 1
20 -300 1.37 Design step 1
20 .300 1.58 Design step 2
20 .300 1.88 Design step 2

(o} 300 1.64 Design Step 1
20 «300 1.82 Deslgn step 2
ko «300 1.6h Design step 1

o -300 1.90 Design step 1
20 .300 2.09 Design step 2
40 .300 2.30 Design step 2
20 «300 2.17 Design step 1
ko 300 2.58 Design step 2

‘W




. TABIE | |
CALCULATION OF VELOCTIY DISTRIBUIION Vy/V,

1 2 3 4 5 6 7 a | 9 il
Ordinates Av ‘ﬁ) 4
b4 8 L
b d y/e Ay x .‘.i'.(A’;) —E'g- ( \Vo>
c - (redi— z dx ° °11p lip 9
Lip1 (Lp9 ana) 40 point | 80 point
.0137 | 0.0137 |0 0 0 0 -

005 | L0013 | 212 |~ 0001 1x/4O0 | .00L5 | —. 0455 0. 066 1.001 0.935
L0075| 0229 | 0230 | .000L|| 2n/kO | L0062 L0680 | -0.045 —-.100 1.109 1.009
0125 0254 | o060 | .0006f 3n/40 | .0138 | .0BTS -, 022 1.118 1.096
005 | .0299 | (0314 | 0015 bm/4O | .02hk | .0600 .2 . 006 1.121 1. 147
05 | L0363 | .0386| .c023|| Se/h0 | .0381 | .029% - .029 1.126 1.151
075 | oo | Joi35 | L0025 6x/h0 | .05B5 | L0136 .039 <03k 1.127 1. 151
.10 | JOuhg | .obk7h| .om25| T7x/4O 0 0737 . 0034 - ,024 | 1.129 1.153
-15 0507 | L0527 | L0020 8x/ho 0 % |-.0041 .02k .21 1.132 1.152
o0 | Look9 | 0562 | L0013 9x/40 | .1198 |-.0086 .016 1.135 1.151
25 | L0578 | 0585 | .0007| 10x/40 | .1465 | -, 0115 015 L0y | 1,136 1. 150
.30 | L0594 | 0596 | o002 | 1An/k0 | L1753 | ~. OLYL
V3% | ~0600| 06000 12n /40 | L2061 | -, OLbh .001 1. 149 1.150

13n/ho | L2388 | ~.0125 -

/o | 2730 | = 0096 | ~.005 1 1.151 1. 146

15x /40 | .3087 | ~,0058 - -

16x/40 | 3455 | —0006 | — 005 1.152 1. 147

17x /40 3833 | 0

A

g2

q20I5Y W VOV




NACA RM A9K02Db

VALUES OF &, FOR USE WITH EQUATION (A3)

TABIE TIIT

40-point method
k 2y k 2y
1 11 0.01423
2 0.52827 .2 .02422
3 0761k 13 .01021
1 10259 14 .01698
5 . 00690
6 06542 15 .01083
T 00400
8 .0h588 17 00528
9 01951 19 00066
10 «03333 20 0
80-point net hod
1 0.52862 21 . 0. 00771;20
2 o771 22 .01k23
3 .10522 23 - 00656
L .04189 24 .01210
5 06942 25 . 00556
7 26 .01021
8 0295k a7 . 00k66
.05129 . 00849
9 . 02258 30 . 0038k
10 . 0h023 31 . 00630
11 .01807 - 00307
13 .03271 32 - 00541
1k .01488 33 - 00235
.02719 34 - 00400
15 01247 35 . 00165
16 02294 36 - 00264
17 . 01057 37 00098
18 - 401951 38 .00131
19 . 00901 39 . 00032
20 .01666 ko 0

29
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