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NACELLES FOR HIGH CRITICAL SPEEDS ON.
STRAIGBT AND SWEPT WINGS
By Robert E. Dannenberg

Ames Aercnautical Laboratory

The develovment of a large high~speed airplane utilizing Jet
engines normelly requires that the engines be enclossd in necelles
attached to the wing, In order to achieve high flight velocities,
it is necessary to design the nacelle so that not only 1s the air
ducted to the Jeot engine in en efficlent manner dbut algo go that the
alr flow over the nacelle does not detrimentally -affect the high-speed
drag characteristics of the alrplans. The combination of the wing
and nacelle give rise to interference effects (partlcularly on the
drag and critical speed of the wing-nacelle combination) that awve’
“controlled through the design of the nacelle contour and its positim
on the wing , o .

" The Ianglev Laboratory has recently made high—speed wind~tunnel
measurements on the interference effects of nacelles on straight wings
(refsrence 1), As shown in figure 1, the simulated nacelle for these
tests, -an NACA 11l body of finensas ratio 6, was mounted in various
“vertical positicns on a two-dimensional streight wing having en ..
RACA 65-210 section. - This figure shows the effects of the vertical

‘ position of the nacelle located &6-percent—~chord length ahead of the
" wing, as shown by the corresponding lines, on the nacelle drag coef-—
ficient based on the frontal area CDF as a function of Mach number M.

In the underslung position (shown by the solid-linme curves), the drag

. incrémont at the maximum available test Mach number of 0.7 ind%cated

& emaller tendency to increase at an angle of attack a of O than

" in the other positions. At an angle of attack of 2.5°, the underslung—
ynacelle drag variation was pimilar to that of the plain wing, whersas

the positlons sbove the wing ghowed large drag riees. The fact that

 these interference drags arise from the increased velocities provided -
by the nacelle over the midchord section of the wing is confirmed by

the pressurevdistribution studies. )

‘At an angle of attack of 0° 'the peak suction pressures of the

.. nacelles are located near the midchord gection of the wing. For the

nacelle in the underslung position, these pressures combine with the
lower surface pressures of the wing, The pressures over the upper
purface. remained essentially the same as over the undisturbed wing.
Raising the nacelles from the low position increased the velocities

.over the wing adJacent to the nacelles ‘and resulted tn a decreased
Mach number at which the sevére" ‘drag rises occurred. This effect 18
~ even more pronounced at higher angles of attack.
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Figure 2 cshows the influence of horizontal position on the drag
characteristics of the undersiung nacelle., Although little drag
variation was noted at an angle of attack of 0° up %o the maximum
test Mach number, the drag coefficients decrecsed with forward

. nacelle locatlon et an angle of attack of 2.5°, Little cliange was

note@ on the wing pressures from varying the nacelle posgition hori-
zontally; however, the forward position resulted in an spprecicble
loss in Iift of the wing-nacelle combination. Giving the nacelle
(shovn by the solid-line curve) oither positive or negstive Jncidence

.reduced the Mach number at which the drag rise occurred.

The Ames Laboratory has made wind--tunnel studies of the Inter-
ference effects of a nacelle with intermal air flow as shown in
figure 3. Thils regearch covered nacelle-typss for conventional-wing
high-speed bombers, powered with four Jet engines housed either in
two dvual-unit nacelles, which alsoc enclose the landing wheel, or 1n
four single-unit nacelles. Tests were made for the nacelles under—
slung beneath the wing and for nacelles centrally located on the wing.
Figure 4 shows the internal arrangement of the dual-unit nacelles.

The Jet engines were placed well forward on the wing to ald in
providing proper balance to the airplano. Retracting the lending
vheel into a forward positicn of the macalle allowed the cusp-type
afterbody to taper more gradually and kept the frontal and surface-
ereas as small as possible. The forebody shape ahead of the wing

was designed to have no localized velocity peaks over the lips. The
general body lines were selected to give constant cross—secticnal
area for the central portion of the nacelle to minimize the additional
interference velocities produced by the nacelle in the region of the
wing. )

The dual—-unit nacelles as shcwn in figure 4 and the single-unit
nacelles were developed in a low-gpeed wind—tumnel investigation on

e %-—scale model (reference 2). The nacelles showed. desirable aero—

dynamic characterisfiés. Satisfactory internal pressure recoveries

. were obtained. The drag of each nacelle based on the frontal area
“was approximately 0.05. Negligible adverse interference effects on

the maximum 1ift and pitching-moment characteristics were experienced.

.. Locating the nacelle underslung bemeath the wing resulted in a glight

increase of the angle of zero lift. The predicued critical compressi-
bility speed for the combination of the wing and each nacelle above

an inlet-velocity ratio of 0.5 was above that of the plain wing except
in the wing-nacelle Jjuncture.

The high—speed characteristics ¢f the dual-unit nacelles were

obtained with a .-9--ecale model of the wing, fuselage, and two

nacellee (references 3 and h) The external-drag coefficlent of
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the underslung end central dual nacellss, based on the frontal area,
wera 0.06 and 0.0bL, respectively, at zero 1ift snd at a Mach nmber
of 0.74., The variation in pitching moment and angle of attack for
zero lift with Mach number was slight up to drag divergencs.

Pressure gtudies at high gpeeds ghowed satisfactory distribution
over the nacelle except in the wing-nacelle juncture. This Wwas similar
to the results predicted from the low—gpeed tests. Normally, the‘
critical Mach numbers are compared as an indication of whether the.
Mach number for drag divergence of the wing-nacelle combinatlon 18
equal or below thet of the plain wing. Figure 5 shows the predlcted
criticel Mach number M., 28 a function of the angle of attack «

. of the various sections of the duel underslung nacelle, The critical
"Mach number of the upper center line, the 1lip section, the half-
breadth, as well as the upper end lower Junctures, are presented
inasmnch as they ere ropresentative of the type encountered with an
underslung nacelle. The lower wing-nacelle Juncture, although
filleted, was critical over a small angle range (fig. 5). These
predicted critical Mach numbers were based on the peak suction
pressures occurring at the Juncture lsading edge. Basing the
predicted Mach number on the juncture pressure at the midchord
gection would result in a valus above that of the wing. Centrally
located nacelles exhibit similar cheracteristics except that the
critical pressures usually occur in the upper—surface Juncture at
the maximum thickness of. the wing ,

.,\AThe high—speed drag characteristics of the dval nacelles are -
;Apresented in figure 6 In this figure the drag coefficient Cp of

the wing and fuselage with two nacelles are pregented as a function
of Mach number M and esre shown by the corresponding lines for 1ift
coefficient Cp: of O and 0.2. The presence of either type nacelle
hed no appreciable effect on the Mach number of drag divergence
compared. to the basic wing—fuselags coumbination. other than to steepen
the rise of the drag curves after the divergence Mach number was
reached. It is interesting to note that the predicted Mach number

as set by the leading-edge—juncture pressures was well below that
obtained by actual test. This would indicate that a predicted
critical Mach number, based on the very locallzed suction pressure

" oceurring in.a wing-nacelle  juncture, is evidently qulte comservative.
Extensive pressure surveys made in the wing-fuselage Jjuncture revealed
that the critical pressures were contained in a very small region

. adjacent to the nacelle, that extended but I%a-chord length along

the _span, Outboard of this region the pressures were satisfactory

, _ When the problem of nacelle design on a sweptback wing is
considered it 18 desired that the {nterfersnce foeutﬁ resulting
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frem the addition of the naocelles on the swept wing will not reduce
the divergence Mach number, Any reduction will tend to mullify the
advantages galned through the use of sweepback.

Before proceeding with the problem of the design of an alr-flow -
nacelle, ‘it was necessary to obtaln information relative to the
interference effects of a Jet nacelle body on a sweptback wing.

For this purpose, a nacelle was mounted at variouz positions- along
the 3l-percent semispan station of a sweptback wing as shown in
figure T, The nacelle was simulated by a prolate ellipsoid. of
fineriess ratio 5 mounted on an NACA 64—212 wing swept 35

" 'The nacelles were 1nvestigated. at low speed at the central -
locations shown in figure- 7: (1) a forward position LO-percent—chord
length ahead of the wing leading edge, (2) & leading-edge position
coincident with the wing leading edge, end {3) an aft position
coincident with the LO—percent wing—chord line. The nacelle was
also mou.n‘ce_d. in an undergslung position 40-percent—chord length
shead of the wing leading edge and on a strut below the wing as it
- was belleved that such a position may be necessary to reduce the
interference e’fects, The nacelle was located ahead and colncident
- with the wing leading edge on different length struts.

The experimenta.l results of the low-speed investigation
(reference 5) showed that the nacelle in the above locations had
negligible effect on the maximum 1lift and pitching-mement character—
istics. Locating the nacelle beneath the wing and on the struts
slightly increased the angle of zero 1lift. The external-drag coef—
ficient based on the frontal area was approximately 0.05, Practically
the only effect of the nacelle position was on the pressure distri-
bution. All the wing-mounted nacelles produced a velocity distri-
bution over the center lines which were less than the meximum
velocities over the basiq awept wing. The lowest velocity distri—
bution was obtalned over the center line of the nacelle having
the minimum pressure point farthest aft of the minimum pressure
point of the wing (that is, the nacelle in the aft position). The
.application of a wing-leading-edge entrance with such a nacelle -
position is ind.icated

' 'I'he p”essure "t bution along the “{nboard wing-nacelle TR
Juncture varied with nacelle location. With the nacelle in the
forward position, the peak suction pressures at the Jucture leading
edge werse well above thoge of the wing. In the lea.ding—edge position,
the pressures were generally of the same magnitude as the pressures
along the midchord of the wing., Locating the nacelle in the aft

- position reduced the Juncture pressures well below those of the wing.
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The preasure dlstribvtion along the outboard Junctures were satis—
factory for all nacells positions, - o

The pressure distribution over the nacelle mounted on the gtrut
of lengths 20-percent and 30-peircent chord below the wing were satis-—
factory; however, the strut junctures at the nacelle and particularly
at the wing showed the formation of high localized velocltles over
the inboard surfece. These high velocitles were due in part to the
suction pressures of the strut and lower wing surface being coincident
at the same chordwise station. Undoubtedly these velocitles could be
reduced by changing the location of tne strut peak pressure with
respect to that Qf the wing. S

The Lang,ey Laboratory (reference 6) investigated the effect of
va central nacelle located ahead of the leading edge of a sweptback
wingwhae the engle of sweep A 1s equal to 43° as shewm in figure 8.
Up to the maximum available test Mach number of O. 6L, the addition

of the nacelle had but little effect on the lif% drac, and moment
characteristics. The pressure—ccefiicient contuurg over the upper
surface of the wing and nacelle are shown in figure 8 for a Mach number
of 0,61 and a 1ift coefficient of 0.20. The pressures over the nacelle
ere less than those over the midchord cection of the baslc wing except
for a very emall region at the inbecard- jupcture leading edge. A
possible detrimental interference effect due to the nacelle is the
shifting of the constant pressure lines along the plain wing from a
position parallel to the wing leading edze to one normal to the fl*ght
path. Further research at high speeds 1s necessary to eveluate this
effect on the drag characteristics. Similar results were obt ained
with the sams nacelle location but with the wing ewept forward 459, .-
except that the leading~adge peak suction pressures shifted to the
‘outboard Juncture o . .

In swmary, the design of a high—critlcel-speed wing-nacelle
combination is primarily dependent on the locatfon of the nacelle
such that the peak suction pressures of the nacelle and wing do not
coincide at the seme chordwise position or unite in an area that 1s
largely influenced by the 1ift additional of the wing. The low—speed
or basic drag of the combination depends upon the contours of the

=+ nacelle and 1ts location on the wing, It is greatest when the wing-

nacelle components intersect in such a way that regions of adverse
pressure gradients face each other upon thelr surfaces. Early drag
riges resulted for a wing-nacelle combination on a straight wing in
which the pressures coincide in the midchord section of the wing,
particularly with the nacelle in & central positlon. Satlsfactory
drag characteristics were cbtained for the nacelle design in which
the peak suction pressures Were located behind those of the wing.
High—speed drag results showed that the localized peak suction
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pressures at the leading edge of fhe wing-nacelle Jjuncture on a
conventional wing did not contribute to a reduction in the critical
speed of the comblnation.
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- Figure 3.- Jet-engine nacelles mounted on the wing panel,
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Pressure-coefficient contours of a centrally located
nacelle on a 45° sweptback wing.
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