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1.0 SUMMARY

A high-speed wind tunnel test was conducted in the NASA Ames 11-foot facility

in support of the NASA refan program in order to assess the effect on cruise

performance of installing long-duct refan-engine nacelles on the DC-8-50 and

-61 models, which currently have short-duct nacelle installations. This test

was prompted by the desire to determine the feasibility of using a common

long-duct refan-engine nacelle for all DC-8 models. Since the existing long-

duct nacelles on the DC-8-62 and -63 models are farther forward of the wing

leading edge than the short-duct nacelles, the refan installation was not

considered to be a problem on those aircraft. The long-duct refan nacelle

installed, in the existing aft short-duct position of the Series 50 and 61,

however, represented a potential interference drag problem due to the position

of the nacelle relative to the wing. The purpose of this test was, therefore,

to determine if an interference drag penalty existed for the installation of

the long-duct refan nacelle on the existing Series 50 and 61 short-duct pylon,

and, if necessary, to investigate potential fixes designed to minimize or

eliminate the interference penalty. The potential fixes took the form of

pylon bumps, which were designed to improve the area distribution in the

channel formed by the wing, pylon, and nacelle.

Analysis of the results from this test leads to the following conclusions:

1. At a typical cruise condition there exists an interference drag

penalty of less than one-percent of total cruise drag for the

installation of the long-duct refan nacelle on the existing (minimum

structural change) Series 50 and 61 short-duct pylon. This very

small penalty would, however, be much more than off-set by the large

improvement, demonstrated on the existing DC-8, of a long-duct

nacelle over a short-duct nacelle.

2. At cruise conditions some supersonic flow is present in the inboard

channel of the inboard refan-nacelle installation, but it is not

sufficient to cause any wave drag or boundary layer separation. The

small interference drag penalty results from a general thickening in

the boundary layer of some of the components when they are integrated.



3. The one pylon modification tested resulted in a drag penalty, because

its design goal of eliminating shock-related interference drag was

not required and the bump thus became a source of additional parasite

drag.

4. From aircraft performance considerations, a common long-duct refan-

engine nacelle is certainly feasible for all DC-8 models.



2.0 INTRODUCTION

To determine the feasibility of a common long-duct refan-engine nacelle for

all DC-8 models, serious consideration must be given to the aerodynamic design

of the pylons for minimum interference drag. Previous wind tunnel and flight

experience (e.g. Reference 1) has shown that the cruise drag is extremely

sensitive to the placement of the nacelles and pylons on the wing. The

potential interference penalties that can occur are related to the local Mach..

numbers in the channel formed by the wing, pylon, and nacelle and are mani-

fested as a wave drag associated with shocks in the channel and/or as a drag

associated with a thickening and possible separation of the boundary layer on

the nacelle, pylon, or wing. The existing long-duct nacelle installation on

the DC-8-62 and -63 and the short-duct nacelle installation on the Series 50

and 61 models are essentially interference-drag free installations. Since the

long-duct nacelles on the Series 62 and 63 models are farther forward of the

wing leading edge than the short-duct nacelles, the refan installation is not

considered to be a problem on those aircraft. The long-duct refan nacelle

installation on the Series 50 and 61 models, however, poses a potential problem.

If the refan-engine were installed on the Series 50 and 61 as it is on the

Series 62 and 63 (nacelle well out in front of the wing), reskinning of the

wing would be required for flutter considerations. If, on the other hand, the

long-duct refan nacelle were installed in the existing aft short-duct position,

a significant interference drag might result. The reason for this concern can

be seen from the sketch below, which presents a comparison of the wing-pylon-

nacelle channel area distributions for the refan installation with those for
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an interference-drag free installation and an installation with a significant

interference penalty. The latter two area distributions are for similar

installations that were previously tested. The area distribution for the

installation with an interference penalty corresponds closely to the development

of supersonic flow and shocks measured in the channel. It can be seen from

the sketch that the convergence - divergence of the refan area distribution is

worse than that of the interference-free installation.

As a result of this concern a high-speed wind tunnel test was conducted in the

NASA Ames 11-foot transonic wind tunnel in January 1973 (Ames Test No. 11-703).

The purpose of this test was to determine if an interference drag penalty

existed for the long-duct refan nacelle installation on the existing Series 50

and 61 short-duct pylon, and, if necessary, to investigate potential fixes

designed to minimize or eliminate the interference penalty. The potential

fixes took the form of pylon bumps, which were designed to improve the channel

area distribution shown in the sketch above. Three sets of modified pylons

were designed and fabricated for this test. A sketch of the effect these

pylons will have on the channel area distribution is presented below.
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The pertinent results from this test are analyzed and discussed in this report.
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3.0 SYMBOLS

Ratio of local channel cross-section area to minimum value

C Drag coefficient, D/q S

ACn Incremental drag coefficient

CT Lift coefficient, L/q SL o w

C Pressure coefficient,(P - P )/qp o o

M Mach number

p Static pressure, psf

q Dynamic pressure, psf

S Wing reference area, sq ft
w

n Ratio of local semi-span station to total semi-span

SUBSCRIPTS

L Local conditions

o Free stream conditions



4.0 APPARATUS AND TEST

4.1 MODEL DESCRIPTION

4.1.1 Basic Model

The model is a 3.429 percent scale representation of the DC-8 Series 50

aircraft and is designated LB-184R. The model was tested with the horizontal

and vertical tail removed. The fuselage, wing, and baseline nacelles and

pylons have been previously tested in the Ames facility. The refan nacelle

and pylon configurations were fabricated for this test program. A photograph

of the model installed in the Ames 11-foot transonic wind tunnel is presented

in Figure 1.

4.1.2 Nacelle Geometry

Because of the larger fan diameter of the JT3D-9 irefan engine, the nacelle

required to enclose the engine and accessories is also larger. The nacelle

geometry is consistent with the maximum-treatment configuration shown in.

Reference 2. In order to retain the proper ground clearance most of the

increased nacelle thickness is taken on the sides with larger kidney ducts,

the exception being that some increased thickness is required on the forward

upper cowling for angle of attack capability. The refan nacelle geometry has

the following characteristics:

1. The inlet length from the engine face to the highlight is 47.8 inches.

2. The maximum nacelle width is 74.3 inches (plan view).

3. The overall nacelle length is 225.5 inches.

4. The nacelle is of long duct design.

5. The afterbody boattail angle is 13.5 degrees.

6. The inlet is canted down 4 degrees relative to the engine centerline

to align it with the local flow angle at cruise conditions.

Since it is impossible to correctly simulate the short-duct fan flow of the

production DC-8-50 and -61 nacelles with flow through nacelles, another set of

JT3D long-duct nacelles was used as the baseline configuration for this. test.

A dimensional sketch of the refan nacelle compared to the baseline nacelle is

presented in Figure 2. '
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4.1.3 Nacelle Installation Comparison

The refan-engine nacelle installation is compared to the DC-8-50 and -f»l

production short-duct nacelle installation in Figure 3. The proposed refan

pylon has been designed to be compatible with the existing short-duct pylon

structural box and with the existing pylon foot-print on the wing upper and

lower surface (i.e. the refan pylon is a minimum structural change short-duct

pylon). The refan pylon trailing edge extends beyond the existing pylon

trailing edge because of the difference in thrust reverser mechanisms for the

two installations. The bump on the leading edge of the refan pylon would be

required to house a heat exchanger for the cabin airconditioning system.

The baseline set of JT3D long-duct nacelles is mounted on contoured pylons in

an aft position like the refan nacelles and has been found from previous wind

tunnel and flight testing to be an essentially interference-drag free

installation. A comparison of the baseline and refan nacelle installations

is presented in Figure 4.

4.1.4 Pylon Modifications

Three sets of modified pylons were designed and fabricated in an attempt to

minimize or eliminate any potential interference drag penalty resulting from

the basic refan nacelle installation. The pylons were designed to improve the

channel area distribution (see the sketch on page 4). The modifications took

the form of forward and aft bumps on the inboard side of the inboard and

outboard pylons. Figure 5 presents a comparison between the basic refan pylons

and the modified pylons. The three pylon sets consist of the forward and aft

bumps individually and in combination.

4.2 TEST APPARATUS

4.2.1 Facility and Model Installation

The NASA Ames Research Center 11- by 11-foot continuous flow variable density

transonic wind tunnel was used for this test program;

The model was mounted on a 2.5-inch diameter internal strain gage balance and

installed on the Ames straight sting No. 9797-D3-6 which was mated to the Ames

straight sting No. 9797-D4-1. This assembly was inserted into the Ames straight



adapter, with 40-Inch extension, which was then mounted on the pitch pod. The

balance cavity in the fuselage center body is at a five degree angle to the

fuselage reference plane, such that, when the model is at zero angle of attack,

the balance is at +5.0 degrees angle of attack.

The model was aligned in pitch and roll by means of leveling bubbles in the

pitch and roll planes embedded in the fuselage centerbody.

A drawing of the actual model installation is presented in Figure 6.

4.2.2 Instrumentation

The force data were gathered with a six-component Mark XIA internal strain

gage balance and the pressure data were gathered with a six-valve scanivalve

module. The model angle of attack was measured by an analog signal conditioner

in the wind tunnel control room. This electronic device was connected to the

balance normal force gages and accounted for sting bend and balance deflections,

thus allowing the tunnel operator to set the desired angle. The model support

sting was instrumented to indicate contact between the fuselage and sting. No

contact was indicated throughout the test.

The location of the static pressure orifices is shown in Figure 7. There are

four rows of pressures in the inboard channel of each nacelle and two in the

outboard channel plus one row on the wing upper surface on the inboard side of

each nacelle. This instrumentation is common to all configurations.

All forces, moments and pressures were recorded on the Ames wind tunnel data

acquisition system.

4.3 TEST PROCEDURE AND DATA ACCURACY

The test was conducted at a constant Reynolds number of 7 million per foot

(5.5 x 10° on the mean aerodynamic chord) through a Mach number range from

0.70 to 0.84. The Reynolds number was held to within +100,000 and the Mach

number to within +0.002 of the specified values. The full Reynolds number

capability, 8 million per foot, was not utilized, because of the concern about

sting divergence at the higher dynamic pressures. Angle of attack was varied



at each Mach number in one-half degree increments over a range corresponding

to lift coefficients between zero and 0.5. The angle of attack tolerance is

+0.1 degree of the indicated value. Selected Mach numbers were repeated to

ensure the validity of the data. The data repeatability was excellent

throughout the test (CD repeated within +0.0001). The pressure data were

gathered at enough Mach numbers to provide the necessary information for

understanding any potential interference problems. All data were gathered

with the horizontal and vertical tails removed.
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5.0 RESULTS AND DISCUSSION

5.1 BASIC REFAN INSTALLATION

The incremental drag difference between the refan-engine nacelle installation

and the essentially interference-drag free baseline installation is presented

in Figure 8. It can be seen that, within the data scatter, there is a drag

penalty of about two drag counts (AC]) = 0.0002) for the refan installation,

which is independent of Mach number and lift coefficient. About a quarter of

this penalty can be accounted for by the basic parasite drag difference between

the isolated nacelles and pylons. The remaining excess or interference drag

for the refan installation is thus less than 1.5 drag counts (1/2% of total

cruise drag). The magnitude of the interference drag and the fact that it is

independent of Mach number and lift coefficient suggests that this small

penalty is not a result of a wave drag and/or a boundary layer separation

associated with shocks in the wing-pylon-nacelle channel, as was originally

feared from examination of the channel area distributions, but probably results

from a general thickening in the boundary layer of some of the components when

they are integrated. Analysis of the pressure data somewhat substantiates this

conclusion.

Figures 9 and 10 present the refan nacelle, pylon, and wing pressure distri-

butions compared with the baseline distributions for the inboard and outboard

installations at a typical cruise condition (M0 = 0.82, CL = 0.4). It can be

seen in Figure 9 that there is a local region of supersonic flow which extends

across the inboard channel of the inboard installation, but does not extend

down around to the maximum half breadth of the nacelle. The flow in the

remaining three channel areas (outboard channel of inboard nacelle installation,

Figure 9, and both inboard and outboard channels of outboard nacelle instal-

lation, Figure 10) is almost entirely free of any supersonic flow.

The effect of Mach number on the channel pressure distributions is presented

in Figure 11, where it can be seen that there is no supersonic flow in the

wing-pylon-nacelle channels at M0 = 0.70. The fact that the interference drag

penalty shown in the force data (Figure 8) is independent of Mach number would

indicate that the local region of supersonic in the inboard channel of the

inboard nacelle installation at M = 0.82 is not sufficient to cause any wave

drag.
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The effect of lift coefficient on the channel pressure distributions is presented

in Figure 12 for Mo = 0.82. The maximum local Mach number in the inboard channel

of both the inboard and outboard nacelle installations is slightly higher at

0.3 lift coefficient than it is at 0.4. Again, reference to the force data

(Figure 8) would indicate that this slight increase in local Mach number at the

lower lift coefficient is not sufficient to cause any wave drag.

A comparison of the wing upper surface pressure distributions for the two

nacelle installations is presented in Figure 13. The pressure distributions

are almost identical at both .7 and .82 Mach number.

The very small interference drag penalty (1/2% of total cruise drag) measured

in this test for the installation of the long-duct refan nacelle on the

existing (minimum structural change) Series 50 and 61 short-duct pylon would

be more than off-set by the large improvement of a long-duct nacelle over

a short-duct nacelle. This improvement has been demonstrated on the existing

DC-8 (Series 50 and 61 models compared to Series 62 and 63 models).

5.2 PYLON MODIFICATION

Three sets of modified pylons were designed and fabricated for this test. As

mentioned previously, the purpose of these pylons was to minimize or eliminate

any potential interference drag resulting from shock waves in the wing-pylon-

nacelle channel by improving the channel area distributions (see the sketches

on pages 3 and 4). Since the on-line force-data analysis at the wind tunnel

indicated that the interference drag for the basic refan nacelle installation

was quite small, only one of the modified pylons was tested.

Figure 14 presents the incremental drag difference between the refan instal-

lation with the basic pylon and with the modified pylon having only the aft-

bump. It can be seen that within the data scatter, there is a drag penalty of

over two drag counts (almost 1% of total cruise drag) for the modified pylon.

In view of the fact that the basic refan installation is free of shock-related

interference drag, this result is not suprising. Since the improved area

distribution feature of the bump is not required, it has apparently become

a source of additional parasite drag.
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6.0 CONCLUSIONS

A high-speed wind tunnel test was conducted in the NASA Ames 11-foot facility

in support of the NASA refan program in order to assess the effect on cruise

performance of installing a long-duct refan-engine nacelle on the DC-8-50 and

-61. Analysis of the results from this test leads to the following conclusions:

1. At a typical cruise condition there exists an interference drag

penalty of less than one-percent total cruise drag for the instal-

lation of the long-duct refan nacelle on the existing (minimum

structural change) Series 50 and 61 short-duct pylon. This very

small penalty would, however, be much more than off-set by the large

improvement, demonstrated on the existing DC-8, of a long-duct

nacelle over a short-duct nacelle.

2. At cruise conditions some supersonic flow is present in the inboard

channel of the inboard refan-nacelle installation, but it is not

sufficient to cause any wave drag or boundary layer separation.

The small interference drag results from a general thickening in the

boundary layer of some of the components when they are integrated.

3. The one pylon modification tested resulted in a drag penalty, because

its design goal of eliminating shock-related interference drag was

not required and this bump thus became a source of additional

parasite drag.

4. From aircraft performance considerations, a common long-duct

refan-engine nacelle is certainly feasible for all DC-8 models.
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8.0 FIGURES

FIGURE NO^ TITLE

1. Photo of model installation

2. Nacelle geometry

3. Long-duct refan-engine nacelle installation compared to

DC-8-50/61 production installation

4. Long-duct refan-engine nacelle installation compared to test

program baseline installation
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5. Basic refan pylons compared to modified pylons

6. Model installation drawing

7. Location of static pressure orifices

8. Incremental drag difference between refan and baseline nacelle

installations

9. Refan channel pressure distributions compared to baseline-

inboard nacelle

10. Refan channel pressure distributions compared to baseline-

outboard nacelle

11. Effect of Mach number on refan channel pressure distributions

12. Effect of lift coefficient on refan channel pressure

distributions

13. Effect of refan installation on wing upper surface pressure

distributions

14. Incremental drag due to addition of aft-bump to basic refan

pylon
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