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SUMMARY 

A method using a transonic small disturbance code with successive line over

relaxatlon (SLOR) is described for treatlng wing/fuselage configuratlons with 

a nacelle/pylon/powered jet. Examples illustrating its use for the NASA 

transport research model are given. Reasonable test/theory comparlsons were 

obtalned. 
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INTRODUCTION 

Englne lnstallations on the wing upper surface experience severe adverse 

1nterference in the transon1C regime when the nacelle, pylon, and Jet exhaust 

plume are immersed in the supersonic region of the wing flow field. 

Slgn1ficant adverse interference can also arise in underwing installat10ns of 

large d1ameter high bypass ratio eng1nes. This interference arises when local 

supersonic regions and shock waves occur due to the close proxim1ty of the 

nacelles to the wing requ1red by land1ng gear length or center of grav1ty 

cons1derat1ons. 

Transonic computer programs to handle w1ng/nacelle/pylon conflgurat1ons 

have been developed, for example, by Boppe (Ref. 1) and more recently by Yu 

(Ref. 2). Boppe's method 1S based on the small disturbance approx1mat1on. It 

utilizes an embedded grid system 1n which a highly refined cartesian grid 

surrounds each configuration component. The fluid dynamic coupl1ng between 

the fine grids 1S accomplished V1a a coarse background gr1d. The superfine 

local grids are 1ntended to moderate the diff1culties of fulf1ll1ng boundary 

conditions w1th a mesh non-conformal to the configuration. Boppe's method can 

only handle the flow-through nacelle cases; therefore, no speclal 

consideration 1S required at the jet exhaust boundary, Slnce the flow there is 

cont1nuous. 

Yu1s method is based on the exact potent1al equation and employs the 

finite volume algorithm developed by Jameson and Caughey (Ref. 3). The mesh 

1S conformal to the w1ng/fuselage, and the nacelle/pylon tangency cond1tion 1S 

imposed by means of transp1ration velocities. The Jet exhaust plume is 

modeled by a prescrlbed shape. 
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In the present method, the small disturbance approximation is used w1th 

the Bailey-Ballhaus fin1te difference column relaxation algor1thm (Ref. 4). 

The Jet exhaust plume contact jump conditions and the nacelle tangency 

cond1tion are imposed in a quasi-cyl1ndrical fash10n on a pr1smat1c surface of 

rectangular cross-sect1on fitt1ng the cartes1an grid. The pylon cond1t1on 1S 

imposed in a quasi-planar manner. 

The 1ncorporat1on of a powered jet, with a total pressure higher than the 

amb1ent value, follows the procedure of Ehlers (Ref. 5). The Jet flow 1S 

treated by a small d1sturbance method where the potent1al lS def1ned relat1ve 

to the reference velocity (Vj ) atta1ned by the lsentropic expans10n from the 

nozzle total pressure to the free stream pressure. It w1ll be seen that 1n 

this formulation, the requirement of continuous static pressure across the Jet 

boundary generates a jump in the potential at the interface. Column 

relaxations are then carried out in the usual fashion bridg1ng the Jet 

1nterface w1th the contact jump cond1tions. 

The above procedure was applied to a NASA/Langley transport research model 

(F1gure 1) with over-the-wing (OTW) nacelle/pylon and upper surface blowing 

(USB) nacelle configurat1ons. In the former, two OTW conf1gurat1ons were 

calculated, an axisymmetr1c nacelle mounted on a symmetr1c pylon, and a 

contoured nacelle/pylon from Ref. 6 1n which the outer contour was f1tted to 

the w1ng/fuselage streaml1nes as determ1ned by a subcritical panel method. 

The computed cases correspond to cases tested by NASA in the Langley 16-Foot 

Transonic Tunnel. 

It lS clear that the above subcritical streamline f1tting design of the 

nacelle/pylon will be deficient when the configuration is immersed in 
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supersonlc flow, particularly with a severely underexpanded jet exhaust. The 

measured pressure distributions for the contoured OTW configuratlon were 

analyzed to identify remaining adverse interference effects. Configuratlon 

improvements were then evolved using the computer program. 

In the followlng sections a brlef review of the small dlsturbance 

formulation of the problem and a descript10n of the Solutlon algor1thm 1S 

presented. This is then followed by test/theory comparlsons for the OTW and 

USB cases. Finally, the results for the redesigned OTW configuratlon are 

presented. 

The authors wish to express their appreciatlon to Mr. W. K. Abeyounis 

(NASA contract monitor) and to Mr. L. E. Putnam (Ass1stant Chlef, Propulsion 

Aerodynamics Branch) for thelr assistance durlng thlS study. Mr. E. E. Lee 

and Mr. O. E. Pendergraft, Jr. kindly made available the results of the wlnd 

tunnel test prior to thelr publ1cation. 
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II. FORMULATION OF THE SMALL DISTURBANCE PROBLEM 

The problem formulat1on follows essent1ally that given 1n Ref. 7. The 

perturbat10n potent1al in conservat1on form 1S glven by 

[(1 Y-21 M~) 0
y
2Jx + [0 -(y-1) M2 0 0 ] + ["0 ] 0 y "'xyy zz= (1) 

where 0 is the potential defined relative to the freestream Mach number M.." y 

lS the ratio of spec1f1c heats, and x, y, and z are the cartesian coordinates, 

with x in the freestream direct1on, y 1n the IIspanwise ll direct1on, and z 

normal to the wing reference plane (Figure 1). Coord1nate subscr1pts denote 

d1fferent1at1on. The above equat10n includes higher order sweep terms to 

improve the swept shock jump conditions. 

The flow tangency cond1t1on on the configurat1on surface 1S glven by the 

scalar product of the surface normal and the velocity vector vanish1ng. In 

the small disturbance approximat1on, not only are the velocity components and 

the direction COS1nes of the surface normal simpl1f1ed, but most 1mportantly 

the tangency condition 1S imposed in a quasi-planar or quasi-cyl1ndr1cal 

fashion on a substitute neighboring surface convenient to the mesh system. 

This boundary condition 1S given as 

4 
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where F(x,y,z) = 0 def1nes the surface of the configuration, and the part1al 

derivatives of Fare proport1onal to the direction cosines of the normal. In 

the present program, the above tangency cond1tion 1S 1mposed on a pr1smat1c 

surface of rectangular cross-section compatlble wlth the carteslan grld, whlle 

the wing and pylon conditions are fulfilled on appropriate proJect1on planes. 

The flow with1n the nacelle 1S excluded from the calculat1ons. 

Appropr1ate boundary cond1tions are therefore prescribed at the inlet and 

nozzle eX1t planes. At the inlet face, a constant value of ~x correspond1ng 

to the desired 1nlet mass flow ratio is prescribed. At the nozzle eX1t plane, 

a constant value of 0j,x 1S def1ned corresponding to the des1red eX1t Mach 

number and the jet to freestream total pressure ratio, where 0
J 

1S the Jet 

perturbat10n potential to be defined later. 

Across vortex sheets, e1ther trail1ng downstream from lift1ng surfaces or 

forming the powered jet boundary, contact Jump cond1tions must be imposed 

requ1ring both the continu1ty of the pressure and the streaml1ne slopes. In 

the case of the tra1l1ng vortex sheets, the total pressure is the same on 

either slde of the sheet so that the usual form of the contact jump condltlons 

as given 1n Ref. 7 will preva1l. 

In the case of the powered jet, a mod1fication to account for the Jump in 

the total pressure at the jet boundary must be made. A procedure slm1lar to 

the method developed by Ehlers (Ref. 5) is used. Here the jet flow 1S treated 

by a small disturbance theory w1th the perturbation veloc1ty def1ned relat1ve 

to the reference veloc1ty Vj (with the corresponding Mach number Mj ). The 

reference veloc1ty Vj is obtained by an lsentropic expanslon from the jet 

total pressure to the amblent freestream pressure. The jet potential ~J 
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then fulfills Eq. (1) with M and the jet specific heat ratio y. 
J J 

substituted appropriately. The second order sweep terms conta1ned 1n Eq. (1) 

to obta1n the proper shock jump condit1ons for the shocks occurr1ng on swept 

wlngs are not required for the shocks expected wlthln the Jet, but these 

h1gher order terms are reta1ned for conven1ence. 

Cons1der f1rst the requ1rement for the streaml1ne slope cont1nulty across 

the jet boundary. Thus lf J(x,y,z) = a def1nes the unknown Jet boundary, then 

the flow tangency condltion at the lnterface lS glven by 

J + J 0 + J 0 = J + J 0 + J 0 = a x y y z z x Y J,y Z J,Z (3) 

The des1red jump cond1t1on is obtained by subtracting the two equations of 

( 3 ); th at 1 s , 

(4 ) 

where the square brackets denote the jump 1n the bracketed quantity across the 

jet boundary from the ambient flow to the Jet flow. The unknown Jet shape 

der1vat1ves J and J are evaluated iteratlvely in terms of the cross-flow y z 
velocit1es uS1ng Eq. (3). 

The second jump condition is obtained by the pressure continu1ty condition 

at the Jet interface. The pressure w1th1n the amb1ent and Jet flows are glven 

in the small dlsturbance approx1mat1on by 

(5 ) 

p j - Po> 

1 2 = - 2 0., 
2' y J Po> M • J x 

J 
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Equatlng the pressures at the interface (p = Pj)' we obtain 

or inteqrating w1th respect to x, we obta1n 

2 2 
y Moo ~ - y. M. ~. = C(y,z), 

J J J 

(6 ) 

(7) 

where C(y,z) 1S the constant of integration Wh1Ch is evaluated uS1ng the 

pressure cont1nu1ty at the nozzle exit in terms of the prescr1bed nozzle eXlt 

value of tfij,x. 

The Jet exhaust contact jump conditions (4) and (7) are prescribed 

quasl-cyl1ndricallyon the downstream extension of the surface of rectangular 

cross-section used for the nacelle. 

The far downstream condit1on requires a uniformity of the pressure and 1S 

given by 

(8 ) 

At the remalnder of the far-field boundar1es the asymptot1c far-field solution 

is prescribed. 
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I I I. DIFFERENCE ALGORITHM 

The numerical procedure used lS the succeSS1ve llne over-relaxat1on (SLOR) 

method developed by Bailey and Ballhaus. Slnce th1S procedure lS descr1bed 1n 

deta1l in Mason, etc., (Ref. 7), in the present section only br1ef comments on 

those aspects not covered 1n the above reference are glven. 

It may be recalled that the nacelle and powered jet condltions are imposed 

on a surface of rectangular cross-section relative to Wh1Ch the cartes1an gr1d 

is constructed. Th1S boundary, cons1stent w1th the other 1nternal boundar1es, 

1S placed midway between the gr1d llnes. 

The tangency cond1t1on at the nacelle surface 1S glven by Eq. (2). Along 

the "horizontal sldes" of the nacelle, the boundary cond1tlOn 1S 

r/J = - F-1 (F + F r/J ) (9) z z x y y 

where r/J
y 

lS evaluated from a pr10r 1terat1on. The role of the velocity 

components 1S sW1tched for the "vert1cal surfaces" of the nacelle. The 

numer1cal implementat10n of these cond1t1ons would then be ident1cal to that 

for the w1ng or fuselage descr1bed 1n Ref. 7. 

The contact jump cond1tions at the powered Jet boundary are glven by Eqs. 

(4) and (7) and are numer1cally 1mplemented as in the case of the tra1ling 

vortex sheet downstream of the wing w1th the follow1ng minor mod1f1cat1ons. 

F1rst in the jump cond1tion (4) for the cont1nuity of streamline slopes, an 

explicit condit1on for the jump of either veloc1ty component lS obta1ned 
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as in the case of the nacelle condition described above. The a priorl unknown 

dlrection COSlnes J and J are determined lteratively uSlng a clrcular y z 
cross-sectlon as an lnltlal guess. Updated values of the dlrectlon COSlnes 

are then obtalned from Eq. 3 uSlng the resultlng cross-flow velocitles. In 

the case of the pressure contlnuity, the Jump ln the potential given by Eq. 

(7) replaces the constant jump prevalllng along a trailing vortex. 
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IV. APPLICATIONS 

Examples lllustrating the use of the above procedure are next glven for a 

NASA Transport Research Model (F1gure 1) for the OTW nacelle/pylon and the USB 

nacelle conf1gurat1ons. The w1ng sweep for th1S model 1S 30~ at the quarter 

chord, the aspect ratlo 8, the taper ratlo 0.30, and the alrfoll sect10n a 

NASA supprcr1t1cal sectlon. The airfoll thlckness var1es from 16 percent at 

the root to 12 percent at the t1P, w1th a linear washout of 4.5°. The nacelle 

and pylon are located nomlnally at 0.25 sem1-span. 

Wind tunnel tests on thlS model were carrled out by NASA/Langley in the 

16-Foot Transonlc Tunnel wlth E. Lee as the prlnclpal lnvest1gator. Balance 

measurements and extensive pressure measurements on the wlng, nacelle, and 

pylon were taken. The Reynolds number based on the mean chord of 20.68 cm 

(8.14 In) was 2.30 x 106 for the freestream Mach number Moo "" 0.80. In 

order to match the boundary layer th1ckness to wlng chord ratlo at the wlng 

trall1ng edge for fllght Reynolds numbers, the transitlon was flxed as a 

functlon of spanwlse locatlon. (On the upper surface, transltlon var1ed from 

0.15c at n "" 0.154, to 0.40 c at the break, to 0.35 c at the tip. Trans1tion 

on the lower surface was at a constant 0.40 c). 

The calculatlons were carr1ed out at Moo = 0.80 and the design CL = 0.45. 

Because of the known deficlencles of small disturbance methods In handling the 

large slopes near the wing leading edge and viscous effects in the trailing 

edge reglon, the calculations were first carried out for the wlng/fuselage, 

changlng the wing shape in the leadlng and tralllng edge reglons as well as 

the angle of attack to match the measured pressure distr1butlons. The nacelle 

and pylon were then added to th1S tallored wlng. The shape changes are 
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1ntended to compensate for the small disturbance approx1mation, and 1n the aft 

reg1on, also for the V1SCOUS displacement effects. The V1SCOUS 1nteract1ons 

at the shock were incorporated by inserting at each iterat10n an appropriate 

wedge-nosed ramp at the base of the superson1c-subsonic shocks to slmulate the 

boundary layer displacement. 

In F1gure 2, a compar150n 15 made of the pressure d1str1but1ons for the 

w1ng/fuselage, with and without the shape and angle of attack mod1f1cat1ons, 

with the measured d1stributions at several spanW1se stations (n). The 

exper1mental angle of attack was - 0.60
u 

wh1le the mod1fied value was 2.0
0

• 

The shape mod1f1cat1ons at several span stat10ns are shown 1n F1gure 3. Slnce 

a des1gn computer program was not ava1lable, the shape changes were evolved by 

trial and error uS1ng the analysis code. The results of F1gure 2 show that 

the measured pressures were reasonably recovered by the shape changes 

particularly 1n the reg10n to be occup1ed by the nacelle/pylon. Rema1ning 

test/theory m1smatches 1nclude the aft lower surface pressures and the weak 

shock on the upper surface in the m1dchord region. The V1SCOUS ramp and shape 

changes were used to incorporate the V1SCOUS effects in these regions. 

The OTW symmetr1c nacelle/pylon was next added to the tailored w1ng, and 

the result1ng pressure d1str1butions w1th and w1thout the V1SCOUS ramp are 

shown 1n Figure 4. The planar V1SCOUS ramp procedure of Ref. 8 was 

1ncorporated normal to the shock. The sweep of the shock was approx1mated 

from pressure d1stributions of earlier iterations. The test/theory comparison 

15 sat1sfactory on the upper surface though it does not agree as well on the 

lower surface. It 1S seen here that the presence of the nacelle/pylon 

generated a strong, essentially unswept shock 1nboard of the pylon w1th an 

upstream Mach number surpassing 1.40. Undoubtedly a severe shock-induced 
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separat10n occurs. The cause for th1S shock w1ll be d1scussed 1n a later 

sect1on. 

The pressure d1stribut1ons for the case of the OTW contoured nacelle/pylon 

(shaped to f1t the subcrit1cal streaml1nes for the w1ng/fuselage) are shown 1n 

F1gure 5 and compared to the results w1th the pylon removed. The test/theory 

compar1son shows an excellent match on the wing upper surface inboard of the 

pylon with less sat1sfactory agreement outboard. F1gure 6 compares the 

symmetric and contoured nacelle/pylon shapes. Contour1ng slgn1f1cantly 

weakens the upper surface shock 1nboard of the pylon, reducing the pre-shock 

Mach number Ml from 1.40 to 1.30 at 0.154 sem1-span. However, the secondary 

effect of the pylon 1S the moderate strengthen1ng of the upper surface shock 

outboard of the pylon. 

In the above calculat10ns the Jet exhaust reference Mach number M. was 
J 

set equal to the freestream Mach number M ; that 1S, M
J 

= M~ = 0.80. Th1S 

then represents an unpowered case. Add1t1onally, a choked convergent nozzle 

was assumed. In th1S case the nozzle eX1t flow was underexpanded Slnce the 

son1C eX1t flow exhausted 1nto the amb1ent superson1c reg10n of the w1ng. The 

result1ng "compress1on corner" formed by the outward spreading Jet boundary at 

the nozzle eX1t then served to anchor the w1ng shock wave. 

In the case of the powered Jet (Mj greater than Moo), an increase of the 

jet plume spread1ng at the nozzle eX1t relat1ve to the unpowered case w1ll 

occur, lead1ng to a stronger obl1que shock at the nozzle/plume corner. (The 

1ncreased entra1nment of the powered Jet would tend to lessen the shock; 

however, plume blockage effects would be predom1nant.) To 111ustrate the 

effect of the powered Jet, the OTW symmetr1c nacelle/pylon conf1gurat1on for 
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M
J 

= 1.20 was next calculated, and the results are shown in Figure 7. The 

sonlC nozzle was retalned, and the ratio of speciflc heats for the Jet exhaust 

flow was kept at 1.4. The correspondlng Jet plume shapes ln a vertical cut as 

well as the plume "center line" pressure varlation are shown ln Figure 8. 

A test/theory comparison for the uncontoured USB nacelle configuratlon 1S 

shown in F1gure 9. General features of the observed interference effects have 

been obtained in the calculat1ons, but there are significant quant1tat1ve 

differences. The latter 1n large part 1S due to the d1fficulty of defin1ng 

the nacelle slopes in the slmplified formulatlon of the boundary condltlon. 

Om1ssion of the fairing below the nacelle (see F1gure 1) in the calculations 

also has contributed to the test/theory mismatch. 

By compar1ng these results w1th those of the uncontoured OTW case of 

Figure 4, 1t 1S seen that elim1nat1ng the space beneath the nacelle and 

remov1ng the pylon slgn1f1cantly reduces the adverse 1nterference of the 

engine installation on the wing upper surface inboard of the pylon. On the 

other hand, an added scrubb1ng drag of the Jet on the wlng must be expected 

for the USB case. Since the Jet exhausts 1nto the w1ng supersonlc reg10n in 

the above USB conf1guration, an 1nterference shock is generated by the 

underexpanded plume. Such an 1nterference shock can be min1mized or avo1ded 

by mov1ng the nozzle exit further downstream to where the flow 1S subcr1tical. 
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v. ANALYSIS OF THE OTW CONFIGURATIONS 

In the present sect1on, wind tunnel data for the OTW conf1gurat1ons at 

Moo = 0.80 and CL = 0.45 are analyzed to determine the nature of the 

nacelle/pylon 1nterference and to evolve add1tional configurat10n improvements. 

The lift curve and the drag polar for the wing/fuselage and for the 

symmetr1c and contoured nacelle/pylon conf1gurations are shown 1n F1gure 10. 

It 1S seen here that the addltion of the nacelle/pylon has decreased the 11ft 

such that 1n the 11near range approx1mately one-th1rd degree greater angle of 

attack lS required to achieve the wing/fuselage lift. The addition of the 

symmetr1c nacelle/pylon has 1ncreased the drag by approximately 140 counts at 

the 11ft coeff1c1ent of 0.45. (Here one count of drag 1S equal to Co = 

0.0001.) The subcrit1ca1 streaml1ne contouring of the nacelle/pylon reduced 

this interference drag by approx1mate1y 50 counts to 90 counts of added drag 

remaining. 

The cause for th1S drag 1ncrease may be seen by comparlng the w1ng 

pressure distribut10ns at span stat10ns 1n the vicinity of the pylon glven 1n 

Figures 2, 4 and 5. It is seen that the addition of the nacelle/pylon has 

generated a sign1f1cant second superson1c expanslon on the inboard slde of the 

pylon Wh1Ch 1S term1nated by a strong shock. A moderate shock was generated 

on the outboard side of the pylon. The nature of these shocks can be seen 

more d1rectly from the pylon pressures shown 1n F1gure 11. The inboard pylon 

pressures 1nd1cate the presence of a severe shock-1nduced separation result1ng 

In a lambda shock. The contour1ng of the nacelle/pylon has significantly 

weakened the 1nboard shock, but strengthened the outboard shock. The 

result1ng shock wave and separated reg10n are sketched 1n Figure 12. 
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A plausible explanation of the effect of the nacelle/pylon on the pressure 

d1stribut10n described above can be explained as follows. F1rst, cons1der 

only the effect of addlng the nacelle, and treat the flow as planar. The 

actual flow w1ll be moderated from th1S planar picture by the lateral three 

d1mens10nal effects. In the lower part of F1gure 13, the flow structure for 

the case of the w1ng alone 1S shown. A concentrated famlly of expanslon waves 

is generated in the nose reglon. These expansion waves travel to the son1C 

line where they are reflected as compression waves. The result1ng compression 

waves re1mp1nge on the airf01l where they are reflected as compreSS1on waves. 

The strength of the latter compress1on waves will depend upon the surface 

curvature at the point of 1mp1ngement, with the reflected compression wave 

be1ng stronger w1th decreased surface convex1ty. Thus for each nose expans10n 

wave as WX of Figure 13, a double compression wave w1ll result at a further 

downstream p01nt Y. The flow pass1ng through these double compression waves 

wlll decelerate leading to the moderate pressures arising in the case of the 

w1ng/fuselage. 

When the nacelle surface 1S present, many of the nose expansion waves (as 

Be) wlll be reflected at the nacelle lower surface as expans10n waves. Agaln, 

the strength of the reflected waves will depend upon the nacelle surface 

curvature at the 1mp1ngement p01nt. These reflected expans10n waves now 

re1mp1nge on the a1rfo1l surface, reflecting there as expansion waves. The 

cumulative effect of these double expansion waves are in large part 

responsible for the second supersonic expansion seen earl1er 1n the midchord 

reg10n of the w1ng. 
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In Flgure 13, both the symmetric (dashed 11ne) and the contoured (solid 

11ne) nacelles are shown. Along the nacelle surface AE, the curvature was 

changed from a convex to a concave curvature as a result of the nacelle 

contour1ng. This change of the curvature w1l1 produce compreSSlon 

perturbat10n waves Wh1Ch w11l imp1nge on the a1rfoi1 surface to produce the 

observed lessening of the second superson1C expansion. 

Cons1der next the effect of addlng the pylon to the above wlng/nacelle 

conflguration. In F1gure 13 we show the contoured and the symmetr1c pylon 

cross-sect1ons. The contoured shape represents the wing-alone streaml1nes. 

It 1S seen that on the lnboard slde of the pylon, the wing-alone streaml1nes 

are concave. If now these streamlines are constrained to follow the stra1ght 

symmetrlc pylon surface, the result 1S a reduct10n of the streamline concav1ty 

and the generat10n of perturbation expansion waves. The opposite effect 

should be expected on the outboard slde. Thus the result of addlng the 

symmetr1c pylon 1S to worsen the interference on the 1nboard side and reduce 

1t on the outboard side. 

The fact that the contoured nacelle/pylon d1d not elim1nate the adverse 

interference is due to the 1nadequacy of the subcr1tica1 panel method to 

pred1ct the supercritica1 streamlines, as well as to the impossibility of 

f1tting adequately the nacelle and pylon of f1nite th1ckness together w1th 

the1r V1SCOUS d1splacement effects to the wing-alone streamlines. In the 

flow-through nacelle case considered earlier, the jet exhaust is 

underexpanded; that is, the pressure at the nozzle exit 1S higher than the 

surround1ng ambient flow. The jet spreads laterally distort1ng the 

streaml1nes away from the wing-alone streaml1nes, thereby creat1ng an 

interference. 
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The measured pressures for the symmetric and contoured nacelle/pylon 

configurations when compared to the w1ng/fuselage pressures clearly p01nt to 

the cause of the unfavorable 1nterference; namely the appearance of a greatly 

strengthened shock and the accompanying extensive separat10n of the boundary 

layer on the wing upper surface 1nboard of the pylon. The source of the 

enhanced supersonic expans10n 1S the concentrated family of expanS10n waves 

generated in the lead1ng edge region of the w1ng. As a first step, thlS 

expanSlon can be moderated by reducing the leading edge radius and 

lncorporatlng a nose-down camber at the wlng lead1ng edge. Secondly, such 

camberlng must be incorporated wlth mlnlmal lncrease of convexlty 1n the 

reglon under the nacelle, delaYlng the unavoldable add1tion of convexlty to 

pOlnts on the w1ng downstream of the nozzle eXlt plane where the flow 1S 

subcr1tlcal. Th1S nose-down camber further provides an upwlnd-facing surface 

on WhlCh the upper surface suctions can act to provlde thrust. 

Calculatlons were carried out with such a modification to the leading edge 

sect10n lnboard of the pylon using the NACA 64A416 airfo1l as shown ln Flgure 

14. A chord extension also has been incorporated to reduce the thlckness 

ratlo of the airfoll sectlon. In Figure 15, the resulting pressure 

dlstributlons are compared to the contoured case from Figure 5. The results 

lndlcate a slgnlflcant reductlon of the shock strength lnboard of the pylon. 
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VI. CONCLUDING REMARKS 

In summary, a transonlC small disturbance computer program to handle 

wlng/fuselage conflgurations wlth a nacelle, pylon, and powered Jet exhaust 

was developed, and ltS use demonstrated by examples. A key s1mpllf1catlon was 

the prescript10n of the nacelle and powered Jet condltions quasl-cyllndrlcally 

on a surface conformal to the carteslan grld. 

The examples treated were extreme for the small disturbance theory. As 

compensatlon, wlng shape changes In the leadlng and tralllng edge reglons were 

made such that the measured pressures for the wlng/fuselage were matched. The 

result1ng aft shape changes would compensate as well for the aft boundary 

layer dlsplacement and wake effects. The shock-boundary layer lnteractlons 

were lncorporated by the V1SCOUS ramp method. This procedure Ylelded 

satisfactory results but was restrlcted to superson1c to subson1c shocks. The 

wlng shape changes and the angle of attack correctlon were determlned by tr1al 

and error uS1ng the analysis code. It would be deslrable to have a sUltable 

des1gn code for thlS purpose. 

The nacelle/pylon conf1gurat1ons were mounted on the tailored w1ng. Such 

a procedure permits the extended use of the small d1sturbance method to 

difflcult problems frequently ar1sing in practice. The test/theory 

comparlsons ln general were satlsfactory, though there were mlsmatches 

outboard of the nacelle/pylon which were not 1nsign1ficant. 

It 1S clear that the quasl-planar or quasi-cyllndrical fulflllment of the 

wlng, nacelle, or pylon boundary conditions leads to shortcomlngs of concern. 

Thus In the NASA transport model consldered, replaclng the thlCk pylon by a 
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zero th1ckness plate creates add1tional flow domains within Wh1Ch significant 

dlstortlng lnterference flows take place. There 1S further the problem of 

fitting the rectangular computatlonal nacelle to the actual nacelle, thlS 

belng particularly acute for the contoured nacelle. F1nally lmportant local 

flows were lost using the slmpllfled boundary conditions as, for example, at 

the lntersectlon of the pylon wlth the wing leading edge. 

Desp1te these shortcomings, promis1ng results were nevertheless obtained 

which can serve usefully ln the pre-design stage of the vehicle deslgn. 

Clearly more exact theories are also needed as the full potential method 

capable of treatlng configuratlons wlth hlgh by-pass engine installations wlth 

a powered jet exhaust and with important V1SCOUS interactions. 
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