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Robert E, Dannenberg

SUMMARY

The results of an experimental investigation made for
the purpose of developing suitable jet-engine nacelle deslgns
for 2 high-speed medium bomber are presented. Two types of
nacelles were investigated, the first enclosing two 4000-

pound-thrust Jet engines and a 65-inch—~diameter landing wheel

and the second enclosing a2 single 4000-pound-thrust jet

engine, Both types of nacelles were tested in positions
underslung beneath the wing and cenLrally located on the
?iﬂg.

This report summarizes the investigation which was
performed at low speed for the purpose of developing entrance
and body shanegs of suitable form. Included are results from
the high—epeed portion of the investigation on the character-
istics of an underslung nacelle,

The nacelles developed show deslirable aerodynamic charac—
teristics. The pressure recovery of the internal flow at the
face of the compressor is found to be greater than S0 percent
of the free-stream dynamic pressure for all flight conditions
tested, The drag of all nacelles compares very favorably
with similar bodies used for housing conventional air-cooled
engines, the average drag coefficient based on frontal area
being aﬂpVOX“m“tGT 0,050, Locating the nacelle in an under—
slung position beqefth the wing resulted in an expected shift
of the angle-of-zero 1ift due to the adverse effects on the
span load distribution, Negligible adverse interference
effects on the maximum 1ift and pitching-moment character-
istics were experienced., The critical-compressibility speed
for the combination of the wing and each nacelle is equal to
or above that of the plain wing at inlet-veloclity ratios
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greater than 0.6,

INTRODUCTION

In order to utilize most efficiently the research facili-
ties of the lsboratories of the National Advisory Committee
for Aeronsutics, the Alr Technical Service Command of the
United States Army Air Forces in announcing a new design
competition for a medium jet—propelled bombardment airplane
conferred with members of the staff of the NACA to formulate
a research program which would adequately cover all research
needs associated with the bomber design competition. The
various research programs needed to provide degign informa-—
tion were formulated in conferences at Wright Field., This
report presents a2 summary of the regearch concerning the
development of satisfactory Jet-enelne nacelles that was
undertaken at the Ames 7- by 10-foot and 1é-foot wind tunnels
by -W. F. Davis, G. B. McCullough, G, E. Allison, J. R. Pengal,
and the author, ] _

The nacelles investigated were specified as follows:

A. A nacelle underslung beneath the wing housing two
4000-pound-thrust axial-flow jet engines and one
é5—inch-diameter landing wheel

B. A nacelle centrelly located on the wing enclosing
two L000-pound—thrust axial-flow jet engines and
o 65-inch-diasmeter landing wheel

Ce & nacelle underslung beneath the wing enclosing one
4000-pound-thrust axi=1-flow jet engine

D, A nacelle centrally located on the wing housing one
L000O~pound-thrust axial-flow Jet engine

Views of these nacelleg are shown in figure 1.

In developing the nacelles the following requirements
were outlined ag being necessary for a satisfactory design:

1. The arrangement of jet engines and wheels 1o give
satisfactory aerodynamic characteristics without
introducing undesirable structural, maintenance,
or accessibility problems

“r
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The attainment of as high critical-compressibility
speed for the wing-nacelle combination as for th
isoleted wing of the airplane

The attainment of low external drag throughout the
speed range

e

The attainment of very low total-pressure losses in

the internal-flow system up to the face of the }
engine comprescsor and a uniform distribution of

et-

veloclty over the face of the jet—engine compressor

at all operating conditions

Minimum interference effects of the nacelles on the

1ift and moment characteristics

SYMBOLS
1ift coefficient (L/qS)
1ift force, pounds |
wing-panel area, square feet

total drag coefficient (D/aS)

total drag force (sum of drag of wing panel, nacelle,

and intake air), pounds

external drag coefficient of nacelle (Dp/qF)

externsl drag force of nacelle (difference between
total drag and sum of wing—panel and intake-air
drag forces), pounds :
frontel area of nacelle, square feet

free~gtream dynamic pressure (#pV,?), pounds per
square foot ;

free-stream welocity, feet per second

magss densglity, slugs per cubic foot
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o angle of attack baéed on -wing chord line, degrees -
c chord of wing nanel at tunnel center line, feet
Mg/« pitching—moment ooeff 1°nt/aaout guarter-chord

line of wing panel (Mg,./ qcS)

Mo/a pitching moment about the guarter-chord line, pound-—
feet

Mg critical Mach number

Vi velocity of a2ir at duect entrance, feet per second

Vi/Vo inlet-velocity ratio

P pressure coefficient [(p3;-p)/q j

ho) free—~gstream static pressure, pounds per square foot

Py local static preéssure, pounds per square foot

DESCRIPTION OF MODEL AND APPARATUS

The wing panel with the various nacelles was mounted
vertically in the Ames 7- by 10-foot wind tunnel so that the
span extended across the 7-foot dimension of the test section
as indicated in figure 2, The model wing panel represented a
scaled portion of the span of a typical high-speed bomber
aircraft with an untwisted wing of aspect ratio 9.0 and a taper
ratio of 2,5 to 1,04 PFigure 3 ghows a sketch of this airplane
with the nowfwor of the span usged for the model tests designated,
An NACA 6531-210 airfoil section was useds The wing panel area

wag 22.802 square feet while the chord at the tunnel center
line was 3.359 Tect,

A model scale of 00,2166 was used which corresponded to
an airplane gpan. of 116 feet., The center lines of the nacelles
wWere located 13,35 percent of the wing span outboard from the
plane of symﬂetry of the full-scale Ting. The model was
equipped with both 25-percent-—chord slotted flaps and uO—oercent—
chord split flaps.

by |
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A1l nacelles in the series were mounted in the same
relative position on the wings Alr was drawn through the:
inlet ducts of eoch model by .an alrcraft~tyse sunercharger
that wag located outside the test chamber,  The alr floved
through the inlet ducts into a plenum chamber in the center
of each necelle as shown in figure 2; from +here i* was
drawn through the hollow spar of the wing, then.through a

ercury seal that isolated the ducting ¢rom the scele system
and finally into the supercharger,

The quantity of alr flowing through the internal—-duct

system was measured by the pressure drop across a calibrated
orifice and controlled by a throttle. The measurements of
the internal-duct losses and the veloclity d‘strlbuplon at

the face of each compressor were measured Ry a rake consist-
ing of 36 total-pressure and L gtatic-pressure tubes connected
to an integrating manometer, The pressure distributioh over
critical sections of the nacelle was measured by flush-type
orificea that were connected to multiple-tube. manometers and
photographically recorded,

Design of Nacelle

The design -of each nacelle *as based primarily on the .
location:-of the internal members (det engine and landing
wheel) with resnect to the wing., The jet engines of the Lwo-
unit nacelles were placed well forward on the wing to-aid in
providing proper balance to the airplane, Their forward
position was limited, however, for the tail pipes could not
be of such length as to csuse excegsive losgeces in en@iwe
thrust., As references l-and 2 showed the advantage of a
cugped-type outlet, the ﬁnﬂing wheel was retracted into a
forward portion of the nacelle to allow the afterbody fto
taper more gradually and the center of gravity of the landing

gear to be iOTTPTG dur*nﬁ normal flight. To obtain the.
cucbed-tybe ﬂftevbodj shape it was necessary to curve the tail
Pipes slightly to form contiguous tall-pipe exits.

“

In designlng the external shape of the nacelles, the
frontal and surface areas were kept as small as possible.
These areas vere determined to a certain extent by the
Dressuwe distribution that iras reaquired, , The forebody of

ach nacelle was deslgned to produce a distrlbutwon o)1
ve1001uy along the nacelle and over. the lips which would give
no localized velocity neaks, Based on the results of
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references 1 and 2, a 1lip shape was selected with a 1ip radius
of approximately 0,005 times nacelle chord and cambered as
indicated from the reéferences, Contracting the lines of the
internal duect slightly aft of the 1lip prevented stalling of
the flow from the inner surface at high angles of attack and
permitted very high pressure recoveries for all operating
conditions. The elliptical-type nose entrance was used on
the two-unit nacelles as it made possible a more uniform
distribution of camber and thickness about thé periphery of
the nose inlet than was possible with separate circular or
rectangular entrances.

In the vicinity of the wing, the longitudinal curvature
of e~rch nacelle faired into the main body of constant cross—
section., The general body lines were selected to give constant
crogs—-section area for the central section of esch nacelle to
minimize  the incremental velocitles over the nacelle in the
region” of the wing., The ghape of the afterbody was designed
to avoid severe adverse pressure gradients and tapered down
to a cugped outlet (reference 1), -

The inlet area of each duct entrance was designed for a
high-speed inlet-velocity ratio of 0,6 which would meet. the
air-7Tlow reouirement of each engine at a true airspeed of
550 miles per hour at an altitude of 40,000 feet. This value
of the inlet-velocity ratio was selected (reference 2) because
it was high enough to prevent the formation of low-pressure
regions on the external surfaces of the duct lips and still
permit a high internal pressure-recovery. The twin-unit
intake ducts separate from a common entry at the nose of the
nacelle and expand at a constant rate in an expansion ratio
of 13142 from a semiellipfical entrance ghape to a eircular
gsection at the compressor inlet., The single-engine nacelles
have the same expansion ratio with a circular inlet shape.

The expansion ig gradual and there are no sharp bends in the
ducts so that separation of the internal flow is avoided. The
detall of the internal duct systems is shown in the cutaway
drawings on figures 1 and 2,

"The body linesg of each nacelle were sketched about the
wing and internal members. In order to better visualize the
proposed nacelle shape, a small wooden model of the wing, Jet
engines, and landing vheel was assembled to scale and covered
with modeling cley. The clay was faired to the pronosed body
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lines to permit a visual exemination of the nacelle shape.
The small models were of particular aid in developing the
fairing from the wing trailing edge to the nacelle after—
body. After the nacelle lines were developed with the
designed lip radius, cambered forebody, stralght center
gection and cusped afterbody, the five control lines were
matched with second-degree curves by the proper selection
of the control points as explalilned in the appendix, The
ﬁontrol line drawings for the nacelles are shown in figures
B0 e

TESTS

All the data have been corrected for fluid compressi-
bility and for tunnel-wall interference on the wing panel,
The tare forces resulting from the skin-friction drag of the
wind-tunnel stream flowing across the end plates of the model
and from leakage about the end plates have not been measured
and are included in the force-test data because they are small
and would have no effect upon the incremental forces caused
by the a2ddition of a nacelle to the wing. The test results
are presented for a Mach number of 0,14 and a Reynolds number
of approximately B,HO0,000 baged upon the chord of the wing
panel at the tunnel center line, 40,310 inches. All test
resulte were obtained with a tail cone installed as shown 1in
figure 2,

The external drag of each nacelle was obtained by
subtracting the drag of the wing panel and the drag of the
internel flow system from the total drag as measuvred by the
wind-tunnel scale system., The internal drag was computed
from the measurements of the quantity of air flowing through
the duct system by the method of reference 1, It may be
geen readily that as the wing and internal drag forces are
large in comparison with' the total drag force, any inaccuracy
in measurement would appear as a large proportion of the
external drag force, In order to reduce this error to a
minimum, particular care was taken in obtaining all dreg
measurements; and the accuracy of the external nacelle drag,
based upon its frontal area, was within 5 percent.

The constriction effects resulting from the large size
of the two-unit nacelles relative to the tunnel size were
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estimated from reference 3 to have resulted in about a 3-percent
error in the dynamic pressure. The effect of air induction into
the nacelle nose also cauced an error in the dynamic pressure
which wag of approxzimately the same magnitude, but of opposite
sign. As these two corrections tended to compensate each other,
no correction wae made for either.

RESULTS AND DISCUSSION

Thig report summarizes the results of tests encountered
in the design of nacelles .for installation on a thin, low-drag
high-critical—-epeed wing. . In applying the test results to the
design of a nacelle, the limitations of the wind tunnel must be
taken into account. The effect of three-dimensional flow upon
the entire wing will change the incremental vslues, partic-
ularly in the high-1ift attitudes where the stalling charac-
terictics of the wing panel will be different.

Lift Characteriestics

The addition of the underglung nacelles to the wing panel,
flaps retracted, resulted in an increase in the angle of zero
1ift and consequent lose in 1ift at low angles of attack;
whereas the ceantrally located nacelles showed no appreciable
change. However, the slope of the 1ift curve lincreased
glightly for all nacelles., The change in the lift-curve
characteristics, shown in figure 3, 1s aleo tabulated in
table I. The increment in maximum 1ift due to the slotted
flapes waeg reduced by the addition of the nacelles partly
becauge of the decrease in flan span (twin-unit nacelles)
and aleo because of the interference of the nacelles upon
the circulation about the wing. On a full-gcale airplane,
the airplene loss in 1ift would be reduced to about two-thirds
of that shown in the wind-tunnel tegts ‘as the wing panel
represents 6L.6 percent of the semigpan wing area. The 11ft
characteristices were found to be independent of the inlet-
velocity ratio.

The elight chsnge in the 1ift characteristics of the wing,
resulting from the addition of the central nacelles, indicates
that the spanwise 1ift distribution of the wing would remaln
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elmost unchanged, which is a desiraeble characteristic for
aerodynamic and structural design. For the under-glung
nacelle, however, the incremental velocitles add only to
the wing lower—-surfece velocities decreasing the 11ft over
the nortion of the wing affected by a nacelle., This
characteristic is undesirable and should be reduced to a
minimum in order to remove the irregulearity in the span- i
wise load distribution. Modification of the wing adjacent
to the nacelles to give increased cember or chord or a
combination of both may be used to alleviate this condi-
tion,

NACA RM No, A7D1O '
|

To restore some of the maximum 1ift logs due to
necelles, slotted flap deflected, the clearance between
the deflected flap and the side of the underslung nacelle
was reduced to a minimum by extending the flap, resulting
in the increased 1ift shovm in figure 9. The oeentral
nacelle maximum 1ift losses were reduced to negligible
amounts by the addition of a simple spllit flap (fig. 9)
to bridge th cutout in the slotted flap and shaped to
fit the contour of the nacelle when in the retracted
position.

5 The 1ift charscteristics of the plain wing and nacelle
A with 30-percent—chord split flaps are also shown in
figure 9. Reducing the clearance betiween the nacelle -and
the deflected flap to a minimum increased the maximum 1ift.

Drag Characteristics

The total drag polars of the various wing-nacelle.
combinations are shown in figure 10 for zero inlet-velocity
ratio. The drag characteristics, flaps deflected, are
presented in figure 11. The external-drag coefficients of
the nacelles, based on the frontal areas given in table I,
are shown in figure 12 for various inflow rates.

The large variation of the external drag of the under-
gslung necelles with angle of attack was caused by the change
in the span load distribution, As this effect is undegirable

: structurally. and serodynamically, it is belleved that the
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condition may be 1mproved by extending the wing chord near the
nacelle,

Figure 13 was cross-plotted to show the variation of
nacelle drag with inlet—velocity ratio at angles of attack
correspondinﬁ to that for high-speed flight and climb. In the

ange of normal flight velocities, the external drag of the
underslung nacelleg remained below that of the central nacelles.
The effect of drawing air into the ducts of all nacelles was
to reduce the external drag,

Pitching-Moment Characteristics

The effect of all nacelles on the plain wing pitchvnq—
moment characteristics was destabllizing as shorn in Tigurse 1k,
The variation in dCp/dC;, is tabulated for all nacelles
in table I. Though this effect may be minimized by reducing
the length of nacelle ahead of the wing, the change may have
an adverse effect on the critical-speed characteristics.

Internal Flow

The total pregssure recovery at the face of the compressor
for the various nacelles was found to be satisfactory, the-
Pressure recovery being over 93 percent. of the dynamic
pressure and the velocity distribution varying less than 12
percent, Both single-unit nacelles obtained 100-percent
pressure recovery within the limit of accuracy of measurement
as shown in table I, These low internal-flow losses were due
to the very-small expansion of the iquernﬁl ducting. The
fact that the losses remained low over a wide range of velocity
ratios through the angle-of-attack range showed the use of
large 1lip radii and shwning of the lnner surface of the lower
Ilip Go be satisfactory,.

It will be noted that no nrovision was made for bleeding
alr from the intake system for use in cooling the after-portion
of  the motor, For these nacelles it is qntlclpﬂted ithat cool-—
ing air could be supplied by smell submerged duct entrances
on the gides or under~scurface of the nacelle body.
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Singlé-Unit Operation of a2 Two-Unit Nacelle

As long-range flight may require single-unit operation
of a two-unit nacelle for maximum economy, one duct of
nacelle A was closed off by means of a solid plate inserted
behind the rake., All the air then passed through the other
duct. The nressure recovery in this condition remained -
unchanged at low inflow ratee and dropped off but slightly
at high inlet velocitieg; for an inlet-velocity ratio of
1.20 the recovery was 94 percent. - The 1ift, drag, and
pitching-moment characteristics remained unchanged from
that with dual. operation,

Pressure Distribution and Egtimated Critical Speed

The pregsure distribution over the corresponding -basic
lines of each nacelle {upper and lowrer center lines and
maximum half-breadth line) was found to be so similar that
all were renresented by a single typical curve at a glven
inlet-velocity ratio. The estimated critical speed charac-
teristics for the external lips (first 10 percent of nacelle
length) are shown in figures 15(a), 16(a), and 17(a), while
repregentative pressure-distribution curves are given in
figures 15(b) to 17(b) for various angles of attack. The
critical MacH number characterigtics have been estimated
from the low—speed pressure distribution by the method of
reference 4, which is applicable to two~dimensional flow
only. However, the devistion from the more precise theory
(reference 5) is ‘negligible for bodies of fineness ratlios
of the order used for the nacelle while it is belleved that
the 1lip shanes and camber used on the nacelles are .about the |,
optimum, some decrease in l1lip camber may be permitted without
gserious effects. ;

The typical pressure distribution over the nescelle is
presented in figures 15(c) to 17(e), while the estimated
critical Mach number variation is- shown in figures 15(d) to
17(d), As no gevere adverse pressure gradients occurred
over any nacelle' forebody-for the normal high-sneed flight
range and as the critical-~compressibility speeds at inlet—.
velocity ratlos greater than 0.6 were in general above that
of the plain wing, the nacelle design was considered satlis-
factory. &b (Y
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The measured pressure distribution (figs. 1% and 19) for
the wing-nacelle Juncture for 211 nacelles was independent
of inflow rate. A marked decrease in the lift-coefficient.
range for hiih critical speed compared to that for the wing
was noted. inalysis of the flow areund nrolate spheroids
showed this to be due to the fact that the juncture airfoil
sectlons experience an angle—of-attack change appreciably
greater than the géometric angle~of-attack change given the
wings This results in the early formation of pressure peaks
on the nosc of the Juncture alrfoll sections with a conse-
quent premature rapid decrease in the esgtimated critical
speed,

In order to eliminate .this pressure peak the nacelle-
wing Juncture of nacelle A was filleted at the leading edge
of the juncture section so that, in plan form, the juncture
section becomes of greater chord as the necelle is approached,
Figure 18 shows drawings of the juncture in its basic and
modified form. The effect of the fillet on the pressure
distribution of the jJjuncture is also shown, It should be
stated that nose pressure peaks in the Jjuncture are quite
localized and are in a generally favorable pressure gradient,
The effect of this local peak on the drag of the wing-nacelle
combination cannot be estimated.

The addition of'the centrally located nacelles to the
wing resulted in an appreciable increase in the minimum~ |

_pressure peak of the wing at 50-percent wing chord. ' This

reduced the critical speed of the combination below that of
the wing even at the high-sgpeed 1ift coefficients. The use
of' long-chord fillet airfoil scctions reduced the adverse

‘influence of the nacelle on this pressure peak (fig. 19).

High-Specd Tests

The twin-unit nscelles were investigated in the Ames
16-foot high-speed wind tunncl, Some of the high-speed.
charscteristics of nacelle A are presented in figure 20 in
order to show a brief comparison between the laow-speed
estimeted critical Mach number charscteristics and the
actual high-speed results, It may bPe noted that the
presence of the nacelles had no apprecisble effect on the
Mach number for drag divérgence compared to the basic wing-
fuselage combination.. The only apnreciable effect of the
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nacelles is to gteepen the rise of the drag curve after the
Mach number for divergence is reached. Nacelle B eyhibited
high-speed chara acteristics similar to those of nacelle A,

CONCLUSIONS

The results of tests of the gnecific nacelle designs for
the high-speed bomber competiticn show the following:

1, Low external drag (GDF~O OKQC baged on frontal area)

for all neseelles, a value comparable with the best rad1al~
engine nacelles

2e Degirable critical—speed cheracteristics for the
two—-unit necelles with negligible effect on the Mach number
for drag divergence but with some steepenﬁno of the drag
coefllclﬁnt rigse after the Mach number for divergence is
reached ;

3¢ Negligible effects on 1lift characteristics of the °
wing for the centraTLJ located nacelles and an undesirable
but expected shift of the angle of zero 1ift for the under-
slung nacelles

Yy, Small destabilizing pitchinghmoment effects for all
nacelles ; » :

5 Excellent internal-flow charascteristics

6, Criticel-compressibility speed of the wing and each
nacelle equal to or better than the 1O-nercent-th10k wing
at inlet-velocity ratios greater than O, 6

Ameg Aeronautical Laboratory
National Advisory uommitree for Aeéronautics,
¥offett dield, Callfs
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APPENDIX
LOFTING PROCEDURE

The control lines used in the construction of each nacelle
shown in figures % to 7 were developed by use of the methods of
conic lofting described in reference 6« The use of conic
development was advantageous as it allowed a rapid, accurate
duplication of the original design to any scale and assured
true fairness of all of the surfaces as the rate of change of
curvature at any »nosition on the body was continuous.

In designing the various nacelles, three basic or control
lines, the upper and lower center lines (elevation) and the
maximum half-breadth line (plan) were first free-faired to
fit about the jet motor and internal-flow system with the
designed lip radius, required camber in the forebody, straight
center section, and cusped afterbody. Upner and lower shoulder
develonment lines faired in diagonal planes determined the
roundness of the longitudinal sections and were selected from
ingpection of the forebody and afterbody plan views., All five
development lines were then matched as closely as possible with
gecond-degree curvesg by proper selection of the control points,
The method used in determining a conic curve from control
pointe ig shown in figure 21, where, for example, by trang—
lation of the axes, point O would correspond to the start
of the stralght center section of a nacelle; point B and tangent
line AB would be determined by the intersection of the curve
and the 1lip leading—edge circle; and point D would be a required
point on the curve. ' Thus, by selecting the origin of the axes
system, as shown in figure 21(a), the solution for each of the
required curves was found directly by evolution of the five
constants. The basic dimensions of the control lines have been
selected to even hundredths of an inch, while the dimensions
that have been derived from them were computed to ten-thousandths
of an inch,

The upner and lower center lines (elevation), the maximum
half-breadth line (plan), and the upper and lower shoulder
lines (body plan) completely define each nacelle shape, as all
nacelles were designed symmetrically about the center line
plane, By dividing the half sections of each naceslle into two
quadrants, it was readily seen that the upper quadrant was
determined by the upper center line, the upper shoulder line
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and the meximum half-breadth line., The lower quadrant was
determined by the maximum half-breadth line, lower shoulder
line, and lower center line. Thus, any intermedlate nacelle
station contour was developed by the graphical construction
method shown in figure 21(b) where the noints O, D, and B
reprecent the intersection of the station plane with the
upper or lower dquadrantsg.
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TABLE I.- SUMMARY OF NACELLE CHARACTERISTICS

Model wing A "N c D
Type | e Underslung | Central Underslung | Central
Number of jet engines | ————- & 2 1 %
Number of wheels | ==——== 1 g ! 0 0
Frontal area, sq Tt | ———— 2.153 2.039 . 865 .885
Total inlet area, sq f*+ @ | —-———— .25h9 «259 «129 .108
Jet motor area, sq ft = = | ————o 145 145 145 L1i5
Nacelle incidence, deg ——— -1.5 -1.5 -1.5 0
Nacelle length, in. | =———- g1.lu5 77 .20 e 2n 6. 82
Maximum 1ift, CLp.x 0.985 1,000 .980 1.025 .990
Angle zero 1ift, deg ~1,1 .1 -.9 -Jb -1.1
acr/da 1.015 1.110 1.155 1.125 1.055
acu/acy .010 .065 .085 .016 .019
CDF, nacelle drag @ = 0%  —memm . O47 . Ol .064 .054
based on frontal e .Ol2 o OltLt .058 .0
area, Vi/Vo = 0.8 4o| ————n .02k .035 .035 O
Pressure recovery
for Vo = 0, based
on entrance dynamic
pressure @} me—ee—- el «95 .98 .97
Dynamic \Vi/Vg = O.W e 1.00 .99 1.00 1.00
Pressure I .99 .98 1o 60 1.00
Recovery 1.2 | - .96 .93 1.00 1.00
1.6 | === .91 8l 1.00 1.00

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

OTdLV 'ON WY VOVN

o1






Figure 1.- Sketch of the nacelles mounted on the wing panel.
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; FUNCTION; Y= /(x)
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(cd - be)?
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5 2(a-b+ B2 k)
Q= ac
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3 = X R = c?-4ac?k
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S = ERPR)
CONTROL POINTS T = Q2
0: (o0,0) SOLUTION:
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B: (b,c)
C: (O\C )
D: (d,e)
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(@) FORMULAE FOR EVALUATING A CONIC EQUATION.
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OA AND AB. THE GIVEN
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PASS IS D.

THE GRAPHICAL CONSTRUCTION TO LOCATE ANY POINT P ON
CONIC CURVE IS AS FOLLOWS:

DRAW LINES OE AND BG THROUGH D,

DRAW RADIAL LINE OF TO |INTERSECT BG AT H,

DRAW AH TO INTERSECT OE AT K,

DRAW BK, A LINE WHICH WILL INTERSECT HF AT THE

DESIRED POINT P
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LY

OTHER POINTS ON THE CURVE ARE OBTAINED BY DRAWING OTHER
LINES THROUGH O AND B.
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