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1.0 SUMMARY

With the current interest in turboprop-powered airplanes, specific inlet configurations must be
designed that cannot be readily designed by existing procedures. Since existing techniques employ
computer codes for design and analysis for all early configuration development, these codes must
be adapted to the complex geometry of turboprop inlets. These adapted codes must be used in the
design of turboprop inlet/diffuser systems, and the resulting designs must be tested before a great
deal of confidence can be placed in them.

The design procedure discussed in this document employed an adapted design code to design a
series of inlet/diffusers with a fixed system of constraints based on engine-gearbox and overall
nacelle geometry. The design code used the superellipse to define mathematically all cross sections,
and duct centerline shape was a spline fit to a small number of specified end points.

An arbitrary superellipse was defined for the diffuser throat, and the design code transitioned to
the circular cross section at the compressor face. Since the plane of the throat need not be parallel
to the compressor face plane, it could be canted to one side to accommeodate swirl. The superellipse
transition from throat to compressor face was made to follow a specified area progression.

The parametric design involved configurations that would investigate and establish trends in
diffusion rate, cross-section aspect ratio, lip thickness, and shaft fairing geometry.

The results of the test program, run at tunnel Mach numbers to 0.35 and angles of attack to 15 deg,
show that the lower 10% diffusion rate duct provides higher pressure recoveries particularly at
angle of attack. The higher aspect ratio cross-section configuration had marginally higher pressure
recovery than the low-aspect-ratio configuration. The very thin lip configuration separated at low
forward speeds, however, above M=0.2 little difference between the three lips was experienced.
Results indicate that the thin lip provides superior performance to either the very thin or thick
lips. Of the shaft fairings tested, none were markedly superior indicating that shaft fairing
configuration has a second-order effect on overall performance. The shaft fairing data indicates
that careful design of cumulative diffusion (sum of duct diffusion and local diffusion from the shaft
fairing) may improve compressor face distortion.



2.0 INTRODUCTION

The continuing advances in the capabilities of three-dimensional flow analysis codes have led to
the reduced use of wind tunnel testing as an inlet development tool. Adding to this trend has been
the increasing confidence in the inlet design procedures, developed over many years, used to design
inlets for commercial airplanes.

With the recent increase of interest in turboprop-powered airplanes, inlets may be required that
cannot be designed by existing procedures. The inlet/diffuser centerline may be highly curved, and
the inlet/throat/diffuser cross-section may be far from round. To develop families of inlet/diffusers
systematically, design codes have been written that subject lip shape, throat and diffuser
cross-section shape, centerline shape, and area progression to mathematical formulation.
Inlet/diffuser systems developed with these codes are designed for high total pressure recovery and
low levels of compressor face distortion; however, since a large experimental data base does not
exist, nor have the flow analysis codes been applied to inlets of these shapes, confidence in the
design codes must be achieved through wind tunnel test correlation (see fig. 1, 2, and 3).

The wind tunnel test covered by this document provides data for this correlation, but because of
the nature of the configurations tested, the parametric variations provide design trends for
beginning the optimization process without a detailed knowledge of the design codes.

The most basic parameters of inlet design, inlet contraction ratio, throat Mach number for a given
compressor face Mach number (diffusion rate), throat aspect ratio (height-to-width ratio), and shaft
fairing shape, were varied parametrically to endeavor to establish performance trends to aid in the
initial design process. :
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3.0 SYMBOLS AND ABBREVIATIONS |
Semimajor axis of superellipse
Aspect ratio 6f throat cross section
Semiminor axis of superellipse
Total rake height
Total height of boundary-layer rake installed
Length
Pounds mass
Exponent in equation for superellipse
Mach number
Exponent in equation for superellipse
Pressure
Compressor face total pressure
Freestream total pressure
Radius
Radius
Corrected airflow—lb/s
Axial distance
Axial distance
Height above surface—in
Angle of attack—deg
Angle of yaw—deg

Angle of rotation—clockwise looking aft—deg



Crown
Highlight

Keel

Total conditions
Throat

Average total
Trailing edge
Maximum total
Minimum total

Reference total

3.1 Subscripts



4.0 APPROACH
4.1 CONFIGURATIONS

The design rationale for choosing the overall nacelle configuration, around which the parametric
configuration variations were developed, was one of picking a configuration accommodating all of
the design variables thought significant. The nacelle configuration was one in a series being
investigated in the preliminary design phase of configuration development.

The design was of a wing mounted tractor installation employing a single rotation propeller and
an offset gearbox. In order to keep the landing gear a reasonable length, while maintaining
adequate propeller-ground clearance, the gearbox output shaft was not parallel to the engine
centerline. This out of parallelism was termed spinner droop (fig. 4 and 5).

The specific design variables used in this study will be discussed in the paragraphs that follow.
4.1.1 Diffusion Rate

Even though little information was available on the relative flow angles in front of and aft of the
propeller disk at angle-of-attack, it was thought that the propeller would attenuate angle-of-attack
effects. In other words, the turboprop inlet in a tractor installation would not see the flow angles
that turbofan inlets do for similar flight conditions. Propeller generated swirl will contribute to
flow angularity at the inlet location, but since no propeller was used in this test, this effect could
only be simulated through yawing the model.

With this thought in mind, it was deemed possible to not only make inlet lips sharper or thinner
but to safely have higher throat Mach numbers. Two of the diffusers were designed for M, o, = 0.7
resulting in a 16.2% diffusion rate. The third was designed for approximately an My, = 0.6 with
the attendant 10% diffusion rate. The compressor-face Mach number was approximately 0.5 in all
design cases.

4.1.2 Aspect Ratio

The aspect ratio, defined as the ratio of major-to-minor axis. of the superellipse that defines the
throat, was approached from the standpoint of minimizing corner effects at the ends of the major
axis and having a diffuser penetration of the outer nacelle surface that would result in a relatively
low-drag, boundary-layer diverter between the lip and the nacelle surface.

It was felt that the highest aspect ratio possible would provide the lowest drag installation because
the inlet can more closely conform to the nacelle lines. The high-aspect-ratio diffuser was designed
with the longest major axis possible without severely compromising the boundary-layer diverter.
Since the major axis at the throat is a circular arc, the outer corners of the inlet and diffuser may
be pulled away from the nacelle surface by making the center of this arc on the opposite side of the
propeller centerline. This results in a larger radius and a flatter arc. This allows the outer corners
of the diffuser to penetrate the nacelle surface further aft with the results of a sharper
boundary-layer diverter. The aspect ratio of this diffuser was 3.7. The exponents for the
superellipse at the throat were 3.2 and 3.2 (fig. 6).



The low-aspect-ratio configuration (aspect ratio 2.1) was the lowest aspect ratio design thought
possible with the same diffuser centerline as the high-aspect-ratio duct. The result of having the
same centerline while reducing the aspect ratio made the boundary-layer diverter thinner and
thinner. The superellipse exponents were 3.2.

The lower diffusion rate duct again maintained the same centerline; however, the throat area was
increased to provide the designed diffusion rate. The throat cross-section shape was identical to the
high-diffusion rate, aspect ratio 3.7, duct.

4.1.3 Lip Thickness/Contraction Ratio

The requirements for lip thickness and contraction ratio are dependent upon location around the
inlet. At the inlet crown line section, the lip can be the thinnest because the local flow angle is
dictated by local flow along the spinner surface. At the extreme inlet corner section, the local flow
angularity will be effected by both swirl and angle of attack. At the inlet keel section line, both
angle of attack and swirl effect the local flow angle. Conventional inlet lips are typically thickest
at this point, and this is also the case with the inlets tested here. A

The design procedure started with a circle of the appropriate throat area. The lip, with an
appropriate distribution on thickness from crown to keel, was applied to the circular throat, then
the circle was transformed mathematically to the “bent” ellipse desired at the throat. As a result,
the variable lip thickness and contraction ratio were distributed around the superelliptical inlet.

4.1.4 Shaft Fairing

The basic, nonrotating round shaft fairing presents a nominally acceptable fairing since the flow
passes over the fairing at approximately a 35-deg angle resulting in an elliptical cross section
relative to the flow. Three other shaft fairings were designed with the largest one having a larger
maximum thickness than the round one, but a chord equal to the maximum diameter of the
compressor-face hub fairing (nonrotating). The two intermediate ones ranged down to the least
chord compatible with maintaining nonseparated flows. All shaft fairings had the same maximum
thickness.

4.2 TEST PROGRAM

The test program itself was run in a singularly parametric way (only one variable was investigated
at a time) so that identified trends were pure.

Boundary-layer investigation rakes were fabricated to make it possible to determine boundary
layer thickness and profile shape at locations both inside and outside the diffuser. Of interest were
several locations inside the diffuser as well as the boundary layer immediately upstream of the
boundary-layer diverter.



4.3 INSTRUMENTATION AND DATA

The primary instrumentation in the model was of two types: static pressure taps and total pressure
instrumentation at the compressor face. Static pressure taps were located primarily on the
centerline at the crown and keel and secondarily at the intersection of the major axis and the
sidewalls. These taps were installed to provide data for flow code verification and to provide details
of local flow conditions.

The compressor face total pressure instrumentation was such that the compressor face was mapped
with 240 total pressure measurements. This density was designed to provide detailed, specific
information on the effect of design variables on the flow entering the engine.



5.0 MODEL AND APPARATUS
5.1 MODEL SCALE

The size of the model was dictated by the desire to use an existing rotating compressor face total
pressure rake. This rake was used previously for inlet development testing, and software for data
acquisition and reduction was in place. The size of the rotating rake (15-in outer diameter)
basically set the model scale when related to the engine-gearbox system used to develop the overall
configuration. This relationship produced a scale factor of 0.168 or approximately one-sixth scale.

5.2 15-IN-DIA ROTATING RAKE

The 15-in-dia rotating rake has the capability of being built up with a range of inner diameters so
that it could represent the compressor face of a wide variety of engine configurations. Typical
utilization of the rake would involve a new centerbody to provide the proper hub-to-tip ratio and
new rake arms. Since each of the four arms had 10 total pressure probes, a complete compressor
face survey comprised of six steps of the rake produced 240 total pressure data points. The arms
were rotated clockwise, looking downstream, by a hydraulic motor fed by 2000 1b/in® hydraulic
fluid from outside the tunnel (fig. 7 and 8).

The position of the arms was determined from the output of a rotary potentiometer, and the
closed-loop rake control system, utilizing the signal from the potentiometer, could be programmed
for various rotational steps in the data acquisition process. In this case, the system was
programmed for 15-deg steps. ’

Two additional rake arms were installed, one at 135 deg and the other at 315 deg (looking aft), for
dynamic pressure instrumentation. Each of the arms was instrumented with five dynamic
pressure transducers (fig. 9).

5.3 EJECTOR

The desire to have airflows through the diffuser system representing takeoff and cruise conditions
made it necessary to augment the airflows that could be achieved from natural ram effects, as well
as providing takeoff airflow with no external flow. An existing supersonic ejector employing 28
primary nozzles and built to be used with the 15-in-dia rotating rake assembly was employed (fig.
10).

5.4 BASIC FABRICATION TECHNIQUES

Since the airloads on the model were not excessive, the maximum Mach number in the test
program was 0.35, the model was fabricated of aluminum and fiber glass/epoxy.

The primary structural frame was of welded and machined aluminum with the outer aerodynamic
surfaces of aluminum skin and fiberglass/epoxy layups.



The s-duct diffusers were of molded fiberglass/epoxy construction formed around a male mold of
16-Ib tooling foam. The male foam molds were cut on a two-head numerically controlled mill
utilizing tapes developed from computer files generated in the duct design process. In this way,
elaborate lofting and template cutting were not required. The ducts were made in two halves for
attachment to the main support structure of the model. The split-plane between the right and left
halves was offset to the right (looking aft) so that a row of static taps could be installed on the
crown and keel centerline. This offset parting plane also facilitated partial disassembly to
photograph internal flow visualization results.

Various lip configurations were machined of solid aluminum, again utilizing numerically
controlled mills, so that no lofting was required. Shaft fairings of solid aluminum were also
machined in this manner. A solid aluminum hub fairing (fig. 11) was designed and fabricated.

5.5 INSTRUMENTATION

Model instrumentation, other than the rotating compressor-face rake, was comprised of static
pressure taps and boundary layer total pressure rakes. Static pressure taps were installed using
stainless steel tubing polished flush with sharp edged holes (fig. 12, 13, and 14).

The boundary-layer rakes were each 1-in high with 20 tubes. They were designed to be easily
mounted in any location by introducing a simple hole in the duct wall (fig. 15).
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6.0 TEST PROCEDURE
6.1 EJECTOR CALIBRATION

Because the operating characteristics of the multitube supersonic ejector coupled with the s-duct
diffuser model were unknown, a static calibration of the entire system was run early in the
program. The ejector was run over a complete range of operating primary pressures with the
secondary or compressor face weight flow measured by integrating the compressor face rake
pressures.

The calibration showed that full takeoff weight flow of approximately 26 Ib/s could be obtained
with no ram pressure.

6.2 EJECTOR OPERATION WITH TUNNEL FLOW

With tunnel flow, the performance of the ejector was heavily influenced by the effect of ram
pressure ratio. With no tunnel flow, the idle airflow of 6 Ib/s could be easily obtained. However, as
the tunnel Mach number increased, the low value of airflow became impossible to attain. At the
maximum tunnel Mach number model internal airflow was above takeoff levels at all times.

To allow testing of lower airflow values, a flat aluminum ring was attached to the end of the ejector
diffuser to reduce the exit flow area to the point where both takeoff and cruise airflows could be
attained at the higher Mach numbers.

6.3 ANGLES OF ATTACK AND YAW (SWIRL SIMULATION)

The 10- by 10-ft tunnel at the Lewis Research Center can vary model attitude only in pitch. To yaw
the model (to simulate swirl), it must be rotated 90 deg on the support sting and then pitched. The
pitch mechanism was such that it pitched the model about a virtual center well forward so that the
inlet remained near the center of the tunnel at any angle of attack. Pitch or yaw was limited to 15
deg because of the excessive length of the model.

6.4 FLOW VISUALIZATION

Flow visualization was accomplished by opening the diffuser and dotting the interior surface
where flow visualization was desired with a mixture of pigment and oil. Internal flow was initiated
to the desired weight flow level, and tunnel flow was brought up to the desired Mach number as
quickly as possible. Both tunnel and model internal flow was turned off as soon as adequate oil
streaks were obtained. The model was then opened up and photographed.



7.0 RESULTS AND DISCUSSION

Since this was a basic parametric investigation, only one variable was changed at a time. As a
consequence, each variable will be discussed separately.

7.1 DIFFUSION RATE

At the time of this program, there was no concrete evidence defining the effect of the propeller disk
on local flow in the inlet area at angle of attack. What information that was available indicated
that the propeller disk attenuated the flow angle; i.e., when the nacelle was pitched to 15 deg, the
flow into the inlet only went to, say, 10 deg.

The reduced flow angles that must be accommodated by the inlet system reduces the burden
imposed on the inlet/diffuser by changes in flow angle from various flight maneuvers. Inlet lips
may be sharper and throat Mach numbers higher.

Design throat Mach number for the high-diffusion rate ducts (16% diffusion rate) was 0.70. For the
low-diffusion rate duct (10% diffusion rate), the design throat Mach number was 0.64. These
conditions were derived from cruise engine airflow and airplane cruise Mach number.

Figure 16 (a through e) shows the compressor face total pressure recovery as a function of corrected
airflow through the compressor face. For the case of angle of attack, the data shows a definite trend
toward higher pressure recovery for lower diffusion rates. In other words, higher throat Mach
numbers penalize pressure recovery performance. At these low forward speeds, the acceleration
around the lip is greater, and the higher diffusion rate would result in an increase in secondary
flow effects.

Figure 17 (a through f) shows the crown and keel Mach number distributions as well as the
compressor face total pressure contours. The Mach numbers for the 16% diffusion duct and the
contour plots indicate slightly worse profiles at the compressor face. Compressor face distortion for
the diffusion rate comparison is shown in Figure 24.

7.2 ASPECT RATIO

Aspect ratio is defined as the ratio of the minor to major axes of the superellipse defining the
throat of the inlet/diffuser system. The high-aspect-ratio diffuser has a ratio of 3.7 and the low of
2.1. The primary advantages of the low-aspect-ratio configuration are that it allows a sharper
boundary-layer diverter, and the inlet experiences less corner flow subject to the effect of swirl or
yaw,

Figure 19 (a through i) shows compressor face total pressure recovery as a function of corrected
airflow. At zero angle of attack and Mach numbers up to 0.2, the high-aspect-ratio configuration
has an incrementally higher total pressure recovery of approximately 0.1%. As the angle of attack
and Mach number increases, the pressure recovery of the low-aspect-ratio configuration becomes
high.

11
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Examination of Figures 20 (a through i) and 21 (a through i), which depict wall Mach number
distributions and compressor face contour plots, show that the higher aspect ratio diffuser
consistently had lower wall Mach numbers down the keel with Mach numbers on the leeward,
windward, and crown sides similar to those of the low-aspect-ratio configuration. The
corresponding contour maps show the higher aspect ratio diffuser to have larger areas of locally
lower total pressure recovery, compared to the low-aspect-ratio duct, at zero angle of attack and
zero Mach number, as well as Mach number above 0.2. These contour map trends compare
favorably to the trends in evidence on the pressure recovery plots.

7.3 LIP THICKNESS

The thickness of the lip, forward of the throat, determines the contraction ratio of the inlet. The
flowfield in the area of the inner inlet lip, that is that part of the inlet nearest the propeller spinner
surface, will experience small variations in local flow angle with airplane maneuver because of the
effects of the cowling and spinner surface. The lower inlet lip, that part farthest from the spinner,
will experience the greatest variation in local flow angle because angle of attack and swirl angle
are relatively unattenuated in that area. The lip on that part of the inlet farthest from the vertical
plane of symmetry experiences primarily crosswind effects. The basis of lip and cowl shape is
shown in Figure 22, and a photograph of all the lips is shown in Figure 23.

With these flow angularity effects, the inlet lips were designed with thickness, or contraction ratio,
to accommodate them. However, the thinnest inlet lip was designed with a constant contraction
ratio around its periphery in hopes that it would provide an end point in design. Lip internal flow
visualization is shown in Figures 24 and 25.

The design procedure was to set up the desired distribution of lip thickness around a circular inlet
of the required throat area, then mathematically transform the throat from a circle to a
superellipse. All throat superellipses had exponents of 3.2. Since the lip thickness varied around
the circular inlet, the centerline of the circular throat and circular highlight were not coincident. A
schematic of this geometry and contraction ratio details prior to the transformation into a
superellipse is shown in Figure 22.

The total pressure recovery as a function of corrected airflow plots shown in Figure 26 (a through 1)
indicates a strong fall off in pressure recovery with air flow. Wall Mach number distributions and
compressor face contour plots are contained in Figure 27 (a through i). For the thin and thick lips,
forward speed has a negligible effect on recovery. For the very thin lip, the zero forward speed case
indicates severe lip separation resulting in deterioration in total pressure recovery. Once
freestream Mach number was brought up to the M=0.20 level, the performance of the very thin lip
was basically the same as the thin and thick lips. The zero forward speed compressor face
distortion map, for takeoff airflow, graphically illustrates this separation effect (see fig. 27a). Also
shown in this figure are the wall Mach number comparisons for the three lips. The compressor face
map comparison indicates that the crown and sidewalls are similar for all three lips, but for the
very thin lip, the keel indicates complete separation propagating to the compressor face. For all the
forward speed cases, the total pressure ratio curves, as well as the compressor face maps, are
similar indicating that the thin lip would be the better configuration. The compressor face total
pressure distortion for lip configurations is shown in Figure 28.



7.4 SHAFT FAIRING

The basic design philosophy for the shaft fairing was to minimize friction and profile drag, while
ensuring that separation did not occur around the shaft or fairing. It must be kept in mind that the
flow over the shaft fairing was at approximately 35 deg to the shaft centerline, resulting in a
smaller effective thickness ratio than the classical one based on thickness divided by chord. The
basic circular shaft, then, actually presented an elliptical section to the diffuser flow. Basic shaft
fairing cross sections are shown in Figure 29, and a photograph of fairings is shown in Figure 30.

The thickness of all of the shaft fairings was set by the diameter of the round shaft and an
allowance for the thickness of the structure of the fairing placed around it. The wetted area and
separation characteristics varied with the chord of the fairings. Typical flow over the shaft fairing
is shown in Figures 31 and 32, and internal duct flow showing the effect of cumulative diffusion is
shown in Figures 33 and 34.

The largest fairing, referred to as large on the plots, was designed with the trailing edge coincident
with the maximum radius of the compressor-face hub fairing. The large fairing had a thickness to
chord ratio of 32%, which would present an 18.4% thick profile with the flow traversing the fairing
at 35 deg to the shaft centerline.

The small fairing, whose leading and trailing edges fell short of the maximum radius of the
compressor-face hub fairing, was 47% thick normal to the shaft centerline, but was 27.1% with the
flow at 35 deg.

The round shaft fairing, with the flow at 35 deg, would present the flow with an elliptical cross
section of 57.3% thickness ratio (see fig. 29).

In Figures 35 (a through f) is shown the compressor face total pressure recovery as a function of
corrected airflow for various freestream Mach numbers, angles of attack, and yaw. All of these
data were taken with a 16.2% diffusion rate, 3.7 aspect ratio, thin lip configuration. These data
show that the large fairing has consistently the highest total pressure recovery. The differences
between the highest and lowest total pressure recoveries for all of the conditions tested was on the
order of 0.1% or less. This indicates that the configuration of the shaft fairing over fairly large
limits does not have a first-order effect.

Figures 36 (a through g) and 37 (a through g) show the wall Mach number distributions for crown,
keel, windward and leeward walls, and compressor face total pressure contour maps for the three
shaft fairing configurations at various corrected airflows and freestream Mach numbers.

The wall Mach number distributions show little or no variation with shaft fairing configuration.
Predictable variations, in wall Mach independent of configuration, occur as a function of
freestream Mach number or corrected airflow. Angle of attack or yaw did not have an appreciable
effect on wall Mach number distributions.
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The compressor face total pressure maps provide more insight into what is actually taking place in
the flow around the shaft fairings. The wake behind the round shaft fairing (or elliptical cross
section relative to the flow) indicates that separation behind the fairing impacts the compressor
face map in the top of the annulus and was the primary contributor to the lower total pressure
recovery experienced by that configuration. The upper annulus part of the maps, for both small
and large shaft fairings, reflects the different wake characteristics of the two fairing
configurations. The large shaft fairing appears not to have separated, and the “stem” at the top of
the map shows typical wake characteristics from normal boundary layer growth on the fairing.
The “stem” on the maps for the small shaft fairing indicates that some separation occurred further
forward on the aft surfaces of the fairing, but the flow in the wake has accelerated back toward the
overall compressor face Mach number. The trailing edge of the large fairing is closer to the
compressor face, and the wake has not had a long enough distance to decay.

As the freestream Mach number increased, the wake characteristics behind the large fairing
remained relatively unchanged. However, the “stem’ behind the small fairing decreased in width
and disappeared. Of interest is the thickening of the boundary layer on the hub fairing just at the
base of the “stem.” This was interaction of the separated wake from the fairing with the boundary
layer on the hub fairing. '

The two bulges at the top of the annulus were apparently the result of secondary flow effects which
were considered quite strong in diffuser configurations such as these. Compressor face total
pressure distortion, as a function of shaft fairing configuration, is shown in Figure 38.

7.5 BOUNDARY LAYER

~ The boundary-layer profiles, coupled with flow visualization photbgraphs, graphically illustrate

details of the flow, particularly in the regions around the shaft fairing. Boundary-layer profiles are
given in Figures 39 (a through h) and 40 (a through d).

The boundary-layer profiles for the aft most rake position (X/L=0.703) show a flat vertical profile
indicating, at least locally, separated flow. The flow visualization photographs show fairly large
separation bubbles on either side of the shaft fairing toward the trailing edge. This phenomena
was apparent early on in the program and was considered the source of the ‘“bulges” in the upper
two quadrants of the compressor face maps.

The boundary-layer profiles forward of the separation bubbles indicate fully developed turbulent
boundary layers.

The cause of the separation bubbles was considered to be the combined diffusion. In other words,
the local sum of overall duct diffusion and that associated with that part of the shaft fairing aft of
the point of maximum fairing thickness. Since the “bulges” appear on nearly all of the compressor
face maps, it may be necessary to locally contour the walls to relieve the local diffusion rate in
these areas. Eliminating these ‘“bulges” should have an appreciable impact on total pressure
recovery and compressor face distortion.



8.0 CONCLUSIONS

Based on the results of the overall program, it may be concluded that:

1)

@

3

4)

6]

The analytical design codes, as adapted for the complex geometry of turboprop inlets, are
suitable for use.

The 10% diffusion rate configuration had slightly better performance than the 16.2%
configuration, suggesting that conventional, lower, diffusion rates are a preferable choice.
The lower aspect ratio cross-section configuration had marginally superior performance,
particularly with respect to compressor face distortion.

The three lip configurations tested all provided acceptable performance at Mach numbers
above 0.2. Below this value the thinnest lip separated with attendant loss in total pressure
recovery and increase in distortion. The intermediate thickness lip was deemed the better of
the three.

Of the three shaft fairing configurations tested, all presented a faired surface to the flow since
the flow crossed the shaft at approximately a 35-deg angle. This resulted in even the round
shaft presenting an elliptical section to the flow. Test results indicated that the smallest of
the two airfoil shaped fairings was superior because of minimal wake, small wetted area, and
the least aggregate duct diffusion.

The adapted design codes provided configurations that resulted in acceptable performance in terms
of distortion and total pressure recovery. Further configuration optimization may be achieved,
without code modification, by utilizing established trends to refine design inputs.
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Figure 21. Duct Aspect Ratio Comparison—Compressor Face Pressures for 2.1- and
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Figure 21. Duct Aspect Ratio Comparison—Compressor Face Pressures for 2.1- and
3.7-Aspect-Ratio Ducts With 16.2% Diffuser and Thin Lip (Continued)
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Figure 21. Duct Aspect Ratio Comparison—Compressor Face Pressures for 2.1- and
3.7-Aspect-Ratio Ducts With 16.2% Diffuser and Thin Lip (Continued)
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Figure 21. Duct Aspect Ratio Comparison—Compressor Face Pressures for 2.1- and
3.7-Aspect-Ratio Ducts With 16.2% Diffuser and Thin Lip (Continued)
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Figure 21. Duct Aspect Ratio Comparison—Compressor Face Pressures for 2.1- and
3.7-Aspect-Ratio Ducts With 16.2% Diffuser and Thin Lip (Continued)
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Figure 21. Duct Aspect Ratio Comparison—Compressor Face Pressures for 2.1- and
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Figure 21. Duct Aspect Ratio Comparison—Compressor Face Pressures for 2.1- and
3.7-Aspect-Ratio Ducts With 16.2% Diffuser and Thin Lip (Concluded)
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Figure 25. Lip Internal Flow Visualization Showing Unseparated Flow Behind Thin Lip
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Figure 26. Lip Thickness Comparison—Compressor Face Pressure Recovery for Very Thin,
Thin, and Thick Lips With 16.2% Diffuser and 3.7-Aspect-Ratio Duct
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Figure 26. Lip Thickness Comparison—Compressor Face Pressure Recovery for Very Thin,
Thin, and Thick Lips With 16.2% Diffuser and 3.7-Aspect-Ratio Duct (Continued)
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Pressures for Very Thin, Thin, and Thick Lips With 16.2% Diffuser and
3.7-Aspect-Ratio Duct (Continued)
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Figure 30. Small and Large Shaft Fairings (the Largest Was Not Tested)

Figure 31. Flow Visualization Streamlines Over Large Shaft Fairing and Compressor-Face

Hub Fairing
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Figure 32. View of Round Shaft and Compressor-Face Hub Fairing
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Figure 34. Internal Duct Right Side Showing Separation Bubble

SRATOES IR
N oF POOn hGE IS O ECCK GUATIIN
OF POOR QUALITY R ECCR



Compressor face total pressure recovery ~ PT2/PT0

Compressor face total pressure recovery ~ PT2/PT0

a) Mach number 0 b) Mach number .207 .

Angle of attack 0 deg Angle of attack 0 deg
a
008 —ﬁ
=
.994 ~
K <3
990 - — AN Large N
N - E\\/ L — Large
LN [~ Smal i
986 \\, e —= :?:nd
\ }—T Round .
982 A Y
. \ 3 K\\
N\
2
978
974
970
4 8 12 16 20 24 28 4 8 12 16 20 24 28

(1.81) (3.63) (5.44) (7.26) (9.07) (10.89) (12.70) (1.81) (363) (5.44) (7.26) (9.07) (10.89) (12.70)

€) Mach number .202 d) Mach number .202
Angle of attack 10 deg Angle of attack 15 deg
.998
994 Sk ,
.990 \*3\\ T Large \3\ |~ Large
] Small X small
986 < Round === Round
N
082 N A
.978
974
.970 -
4 8 12 16 20 24 28 4 8 12 16 20 24 28
(1.81) (3.63) (5.44) (7.26) (9.07) (10.89) (12.70) (1.81) (3.63) (5.44) (7.26) (9.07) (10.89) (12.70)
Corrected airflow—W2CORR—Ib/s (kg/s) Corrected airflow—W2CORR—Ib/s (kg/s)

Figure 35. Shaft Fairing Comparison—Compressor Face Pressure Recovery for Round,
Small, and Large Shaft Fairings With 16.2% Diffuser, 3.7-Aspect-Ratio Duct, and
Thin Lip
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Figure 36. Shaft Fairing Comparison—Duct Surface Mach Number for Round, Small, and
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Figure 37. Shaft Fairing Comparison—Compressor Face Pressures for Round, Small, and
Large Shaft Fairings With 16.2% Diffuser, 3.7-Aspect-Ratio Duct, and Thin Lip
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Figure 39. Diffuser Boundary-Layer Profiles for 16.2% Diffuser and 3.7-Aspect-Ratio Duct
With Thin Lip and Large Shaft Fairing
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Figure 39. Diffuser Boundary-Layer Profiles for 16.2% Diffuser and 3.7-Aspect-Ratio Duct
With Thin Lip and Large Shaft Fairing (Continued)
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Compressor face

i,
Rake ==\ 0 deg j ‘
270 deg 8 \90 deg

© = 0deg 37/ ‘
L =42.16in
XF— (1.07m)
e L
X/L = 0.024
1.0 : .
|
8 ' i]
7
Nondimensional K-3 /
height | *
above wall, 5 i %
Y/H ' .

.3 N /
* /
2 /
R /‘/
.//
.95 .96 .97 .98 .99 1.0
Probe total pressure / PTO

Figure 40. Spinner Boundary-Layer Profile for 10% Diffuser and 3.7-Aspect-Ratio Duct With
Thin Lip and Small Shaft Fairing (Continued)
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¢) Mach number .203
Angle of attack 0 deg
Angle of yaw 0 deg
Airflow 14.9 Ib/s (6.76 kg/s)

Compressor face

6
Rake—\[ 0ceg i
g

©=0deg 27099 20 deg 27’
L =42.16 in
180 deg 1.07
XI" (1.07m)
) - L B
X/L = 0.024
1.0 -
9 "
.8
7 |
Nondimensional .6
height [
above wall, .5 -
Y/H : /
4
3 /
* /
2 /
A /,

0
.95 .96 97 .98 .99 1.0
Probe total pressure / PTO

Figure 40. Spinner Boundary-Layer Profile for 10% Diffuser and 3.7-Aspect-Ratio Duct With
Thin Lip and Small Shaft Fairing (Continued)
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d) Mach number .101
Angle of attack 0 deg
Angle of yaw 0 deg
Airflow 7.6 Ib/s (3.45 kg/s)

Compressor face

X/L = 0.024

1.0 -

.9!

Nondimensional .6
height

above wall, 5
Y/H 3

.95 .96 .97 .98 .99 1.0
Probe total pressure / PTO

Figure 40. Spinner Boundary-Layer Profile for 10% Diffuser and 3.7-Aspect-Ratio Duct With
Thin Lip and Small Shaft Fairing (Concluded)
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TYPICAL SUPER-ELLIPSE

CROSSECTION “UNBENT” k
Ye

I
STA

DEFINED BY
CENTERLINE (STA, Y¢)
COORDINATES

CENTERLINE
sLore Yo' = 2Yc

MAJOR AXIS BEND RADIUS IS 37 INCHES FULL SCALE.
ASTA

RADIUS IS e AT 50% OF CENTERLINE LENGTH

TYPICAL DUCT SIDE VIEW

Figure A-1. Sketch of Duct for Geometry Definition
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Table A-1. High Aspect Ratio S-Duct—16.2% Diffusion

THROAT TO COMPRESSOR FACE Dimensions in Inches - Full Scale
CENTERLINE COORDINATES CENTERLINE SLOPES SUPER ELLIPSE CROss
: EQUATION VARIABLES SECTIONAL
STA X Ye Xe' Y Zc’ A ] P AREA

CE. 5UNE____ 0.6000 _=22,4009 §,0868__ <9,0€73 8,9900__16.A¢00____4,3062 32009 __248,5827

cot.8341 0.,0088 <=32.479%0 0.““ og.p483 G.0000 13,9974 42099 3.20917 245.419¢
49,8064 $.0000 =22,513% 9. 0088 <@.9183 0. 0000 19,9896 4,29%1 1.2005 243,720

’.‘ ".. 8.0¢89 -22.50)5 9. 0048 €.0764 ',’.“-—‘,"7’3 4,103 _.’.1927_105.005!
T eellIneT e rtee  =22,432¢ ¢, vuve e. 0617 9,009 15,9399 4,3152 11819 246.15%07
62,1060 0.0009 <«22,36w2 ., uvee P.,4956 o . 4ue0 13,9379 4edivt Jol6u3  240,4391
26l 0049 9,808Q _=72,23¢2 v, vece 0. 1261 e,0ude 13,9111 4,140 3 1329 246,834
=59,.34¢3 G008 «22.ve)9 [ 2% Al ] ] 8.4592 S.0vey 13.0798 4.3091 Jeld40  247.2612
=58,0973 S,80ve =21.8634 (S 11 1] 0.18069 0. 0008 13,8439 4,3932 Jel140 247,.7404
.___:21.5522 S,0vve___=21,8)09 | ' LLT 09,2173 8,.00ve j%.8014 4.42083 ). A920__244.29¢2
56,4137 S suve =21.3643 ¢, dove 0.2419 e pod0 $13,79KS 4,45u¢ JV686  248,.004)
*55.,2820 G.80v0 21,8778 o.uve9 0.2693 S.unee 15,7098 4,403 J.4620  249,3528%¢
=54,1872 Q. ¥¥PS _=20,76113 0 ,vuve 09,2933 fAve0 15,0551 4.51% J.21e0 2%.2214

53,4399 PdduY  028,4207 o, 0ve0 03100 .0049 19,5906 4.5%47 249892 290 .% e
31,7248 V. P00 =18,w37¢ . B 040 0.3373 0. 0009 19,5138 4,60088 2.,9eut  251.744)
I FLT] S,0¥¢0__o19,674¢ S 4000 £,3573 0,6000 15,4664 q.6408 2.93w2_ 232.949°

»4? 72864 ¢ uuee  =19,32721 s . veee  0.3706 [R311] 19,3945 €4, 6963 2.9066 253,43)39
c48,837¢ O.oovo o{8.8528 [ 111} $.1934 0008 15.2188 4.7457 2.8609% ° 254,.)32%
—t7,5513 8,5008 <38,4170 §,60ue ¢, 4498 ®, 5000 15,3369 4,5082 2.5379__25%.2628
e4b,4749 P8y 17,987} [T 0.4248 9. 0000 19,1518 [P 221 2.8078  256.2228
49,492} 0.0009 17,504t 9, 00ve 9.4364 8, h000 1S.0608 4.9166 2.7762 257,2¢e7
od44,.334% S.000¢ _=17,92913 9,.004N 0.4510 S, unue 14,9652 4,9027 __ _2,.7440_ 258,2923
®43 2717 . 0uud -IO S4ls o, 00u0 00,4624 [y 1" 14,0652 $,0561 2.7134 259 2264
*47.313) 0.80¥9 <oilp . vese 0,.9000 0.4728 0, 00v0 14,7608 S.1209 2.6824  28¢,2797
41,1509 $.19dd___=(15,%454 9,8098 v, 4820 e, p000 14,6921 5.1953 1.6509 __261,3528
T TT 0.,0808 o(5,834% . 000¢ 8.494¢ s roee 14,3392 §.2734 2.6218° 262,4607
[IL N TYY] f.¥00@ =14,517) o, veve ,497¢ 0,04t 14,4223 5.,3%%3 2.5919 263,001
«39.01%2 S.000Q __~13,9946 0,900¢ 9.5030 9.00008 14,3915 S.4411 2.960] _264,7742
«36,%724 v 4uee <11,467% 0. .0040 0.%¢79 O] 14,17%2 $,5307 245121 263,9%¢61%
®3%.,2319 Q.0ure «127,9367 . u0M0 0.5117 8,.9000 14,84%9 9,0239 2.39037 287,120
=34,0919 9.,0uA0__~12,4012 8,0008 - 09,5145 9,000 1),910¢ S.720S 2.4752 _268,.2414

©}3.85)3 .0¥Ad 11,8679 “u,0808 @.5162 o.,0000 11,7603 $.8204)3 2.4442 269,29t4
©}2.8151 9.0800 =t),.3316 A, 0en0 8.5168 9,0ce0 13.6297 $,9232 2.4218  274.2016

eI 1T W eene __=tu, 7992 ", 0000 09,5165 (1] 13.4692 S 8347 2.19%4 _271.22k¢
°l|°11l6 0,200 «18,2%39¢ e,0080¢€ 0.31%2 s.4v08 $13.2168 63424 243708 272.27467
«29.0994¢ ([ Py 117] -9,725% 8. 0008 9.5136 [y 1] 13,1647 $.2687 243469 273.4978

—t0,0509____0.8600___<9,1939 9,¥0¢9 8.50% S, huvs. _ 1).4161 ¥ ITH 2.3220__274.9622
°37.0l06 [T I'] ~8,6657 e.0000 g.5845 0. 8v0e 12.8799 65240 2.298% 277.8029
®26.5722 v,.eve -9.1417 0,00n¢ 0,4988 (¥ LT 12.777¢ e. 66606 2.27e9 2w, 0891
229.32%) S.ukun___=7,9228 0. veva 0.4921 e .p000 _ 12.712% 6.8764 2.2955 _296.5177
*24,475) [T 7.11v1 0, 0009 ¢,.4043 (R TT 12,8769 T.9916 2.2346  293,.178%
®23.4219 e, 9880 *$.6845 s, 0008 00,4754 o.4000 $2.65408 1.33e2 2.2146 IP2.473)
=12,36408 e.00ve __ =¢,1971 v, 0008 9.46%54 8. 0008 12,8698 1.5%4e 2.1960 _ 312,415%6
=31,3u31 v.vee6 S.,8108 0,n0e8 0.4%43 8,800 12.6n65 T.8087 2.1719  323.4t21
o29,2368 6.0800 83,1409 o ,NAae 0.4420 [ 111} 12,7112 S.1042 2.1603  315,2%et

e 3901088 9. NvE0 =4 ,8574S 8. 0008 0.426% 0.00ve__ 12,7403  €.4743 _ 2.143¢ 47,8590
o(u, 0888 ¢ .2080 *4,22¥9 0,419 LT 12 RIS I PO LT 2.4282 3el.876C
{7,800 (R L 1] ] ). 7313 e.J9en P 0u00 12.8013 9.1292 2.1135 374,017y
«15,9171 0 .4e00__ «3,1371 ,309 e,00¢0 12,2193 9,404 2.0996 __Jus,540)
14,8222 [Py 1.0.1) *7.9499 0.J0486 ('} 12.8919 .9131 2.0661 4v2.5344

0.3429 [ IT]] 12.8744 19,1547 2.9717 416,462
$.3220____ 8,4A¥v__ 12,8945 ___1v.5v22 ___ 2.962e __4lv.2167

9.2997 V. 0UUe  12.9820 1v.8399 2.7%24  443.83%%

*13,7201 (¥ T12] ?.,5611
=§2,81168 V.I0m8 ___~2,1924
“il.4959 60,0000 of, 04%4

«19.3711 ¢.vdee *1.5220 0.3761 8,000 12.949) 15,177 2.943%  4%6,5147
—%.2031 ¢, 0000 __=1,2241 9.2%11 S.UveW ___ 12,9128 __ 11,4683 __ _2.U345 _ 482,.72%2
°$. {860 0.CVEQ  =9,9%36 9.224¢7 0,000 12.9114 11.7764 2.0207 4uv.0948
cb,%¢3) S.wune -®,7125 B.1968 [T T 12,9119 12,9e11 T.92094 499 ,4657
———S 8119 S, Ueu® __=9.5¥3¢ s.0008 €. 1676 0.8000 __ 12,9091 12,2894 __T.0141 _499,.0179¢
cd4.6387 o, 0v0y -9,327¢ e, d0ve ®.1)69 ¢,9000 12.9¢%9 §12.4906 2.9992 Se?.3746

=}, 4¥vN . L0uwe d,1807 8. 8740 e, 1040 [ 12 1) 12,9031 12,6079 2.99%4 313,932
=2.)349% 0. 8wy =v.reael o . vuew e 2712 v . 0u68 12,9011 12.7ves 2.,9%20 S10,77%)3
*t.is42 s.0vee *V.221) ‘e, evme 0.036) o . y090 12.9¢e? 12.r7)e@ 2.0¢%v9  S521.761¢
o.0080 s,0vde o, veve o . 0008 [ 1 11] Y. reey 12.vu6e 12.%u89 2.vlw} $22,7924
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THROAT TO COMPRESSOR FACE

SUPER ELLIPSE

Table A-1. Low Aspect Ratio S-Duct—16.2% D/ffus/on (Continued)

Dimensions in lnchg - Fu-ll‘mlo

112

CENTERLINE COORDINATES CENTERLINE SLOPES CROSS
EQUATION VARIABLES SECTIONAL
STA Xc Ye X e b 2 A 8 (] AREA
«48,0003 0.9w00 _=22,3cu¢ G.3400 ___=9.087% s 0000 12,0000 S.7176 3.2069___245,.5027
96,8343 .00 =22.479% 0. 0008 oy, re9) o, rene 11,9990 S.719% 343953 243.6194
63,0004 V. n0ne «22,.5132 [l 9,010} [ L1 11.9%9¢2 9.7249 3.20683% 2435.720e
04,4909 D000 ©22,5033 ____ 0,000 0.0204 o.0uee___ 11,9918 Se.7340___ 3.1927__245.%059
*8).)300 G AUFA 27,4528 o, nyne 0.0817 [T LD 11.9088 S.74647 21919 246.1567
$2.1000 0. 0¥v0 =22,36¢2 02,1009 n,09% 0,n000 11,9767 $.7622 3 1083 246,499
21 AveS 6 cane _«27,2302___ e, duve ",1268 (. LUT ] 11,9666 $,791) 3.1520___246,.8308
39,044} ¢ UV =22 .10s9 o,8v00 9.31992 ®,0000 11,9548 S.¥¥ls Jelle6 247,2612
-58,097) .00 o21,.R034 2.90000 o.1U09 S.neun  11,.941) $.8299 Jel1148 247,.7404
—=%7,5%22 0. A0NA__=21,6109 (L) 0.2171 09,0060 ___ 11.924¢ $.0%7¢ 3.7929___246,2972
56,4117 PPN =21.3683) (Y 111 ] 0.3419 [N 11 11,9609 $.80889 3.0666 48,0043
55,2820 G, P0¥9 o731 ,.0778 8 ,/¢n0 0.2¢9) 9,060 11,4901 $,923% 3.0426 249,520
34,1572 G.EAUN _«20,7601) __ S.0ved __©.2933 __ O .iueo__ 11.069¢ $.9609 381068 __259.2210
33,039 0.000¢ 29,4247 0.5Tv0 f.3t08 . 0000 11.8474 s.6014 2.9092  2Sd,%60¢
31,9208 [ FOL LY {1y 1 e . re0 0,337} . 00CE 11.8234 $.7447 2.96¢1  25%1,744)
=SW 8291 ___O,uvdn _=19.0744 ___ B N0y €, 3873 S, 6nw8___ 11,7977 6.0908 2.9362__2%2.5699
49,7201 Q.Y  «19.2721 (1) [ % ¥ {13 S.nvee 11.7702 0.139¢8 2.989e 2353,.4339
40,0370 B.00E0 18,052 0, Heve 0.39)4 o, heve 11,7408 6.,1%16 2.0698  254.1118
47,5533 Q.PE00 _o(8,4170___ @,00¢0 0.4996 98,0000 13.7097 $,2461 2.8379__255.2628
c 46,4749 Y0000 17,971 8,000 0.4240 AT 11,6766 ¢,3013 2.887%  2%.22re
-4y ,4921 G, A0 afT,.5¢41 v.2088 P, 4364 €. Heue 11.6416 6.3831 2.77e2 1357.2907
44,3395 0.u0v0 17,0295 ___ 0. PuEe 0.451¢ v, huve 11.40v47 $.42%¢ 2.7440__258,2023
43,2717 G HNE® <15, 5418 [ %141 ] C.l02¢ o, 0000 11,8659 s.4907 2.71347 2359.2264
42,2133 P, 0000 efg, prdue n,a0ec 0.4728 [ R 0 1) 11.52%4 6.,5504 2.6824 260,271%7
41,1509 ___ o.000% <(5,54S¢ v.Leve0 __0,4870 G.,800W0 ___ 11,4033 6.6289 2.6509__261,31328
=40, 20un Q. 0eNY =15 0348 e fuve 9,4991 0,.h00 " 11,4390 6,792 2,614 362,464
«l9. 002 G000 =(4¢.5173 ¢, fune ®.4978 P 0000 11,3950 e 7700 2.591¢  26),.56019
10,152 @.peeh =] 9948 LWLl ¥.5430 v.f00d8  11.3468 6.0387 2,56V7__264,7742
36,9724 [T TS PRTY LY [T 9. 5%79y 8. M908 11,3949 0.9178 2.5321° 265,9%1
-35.931% 0.2¢400 <12,93e7 v, 008 e.5117 0,Ruee 11.,2%¢9 T.6209 2.5037 267.1207
34,8919 G AN _=127.4632 v. 009 B.514% . Bnde 11.198) J.1057 2.4752___268,.2414¢
-)3.0518 S unvn it 0679 6, fdve v,5162 NI T 11,1427 1,197 22,4467 209.2914
=32.01%1 0.0008 <fl,.Ji16 o, 0000 0.5108 [ LD 11,0042 T.2797 2.4218  279.263¢
31,7112 Vervuw _ (v, 7952 (.1 11] 8.3169 e, 0npe 11.9242 1.36717 2.3954__271,2206
eju,l38n0 0.68n8 e(n,2%96 (N LTS e.515# €. 0000 1¥.9649 T 4597 d.37et” 273,277
29,0994 v.0Cnd -9,72%% T ) 9.512¢ e .Froe 18,9681 T.55%9 234608 273,4970
=4,05u9 Q. 9000 =9,1939 __ #,.0uwde e.5090 9. .00ve 10,9556 T.0576 2.3229___274,9022
°27.6100 0.APNS <8 _ 0657 8,098 0.%64S (I 16.414) T.76%¢ 2.2945  277,0029
20,5722 0.r00nE -0,1417 0. Pen Y. 4900 S AR 10,5051 T.9073 22709 239.889%
=25.5%2%) 0.0PWN __=7,822p ___ ¢ C0vee 09,4921 b He0e __ 1v,.8289 8.8725% 2,255%5__284.5117
«24.47%) T e.0uan . =7,11ut 6. 0dve ®.4¥4e3 [T 1Y, 0865 0.2024 2.2346 2937768
23,4219 8, nynn ey, 6045 0, vne 0. 47%4 8,0000 1V, 9950 S.4740 2.3146 302.473)
=12.1640 9.0009 6,101 __ e 0040 v.4058 0.PPE0 11,0478 8.7¢€42 2.1964 __312.415%6
1,391 . Irun “%.6160 [T 8.454) s, uvo0 11.1542 0.9497 21779 223.4832%
20,2300 @ g o5, 149 ", Jdve 9.4420 [T ) 11,2708 9.2977 2.1601 333,296
19,185 .MU e4 8749 o, 0udH 0,4298 P.vevw ___ 11,3944 2.47S4___ 2.1434_ Je7,09%52
clE., 0088~ @ uren T eq4,22CY (. TTTY 9,619 9.00¢0 11,9223 $.7%¢2 2.120277361.0766
et 7,040} 0,089 <3, 7813 (LT 8.J908 o, veue 11.652) 19,0294 2.1135 374,077
-i3.9173 s.a0v0 ___~3,31571 e .0000 e.J8¢9 S.0vde __ 11,7823 __ 18.]103 1.0996 _ _212.540)
-14,8222 [ %1 Y] -2,.9499 € nuva ®,Je26 . 00ne 11,9106 10,594) 2.786)1 492,534
*i13. 720} e .¢0ng 2.5811 [N 11 ] 9.1429 A, 000 12.#3%9 19.8668 2.0717 4is,4020
12,0116 N 0030 __ 22,1924 0. rrve n.3220 9.0000 12,1559 _ 11,1389 2.0626__430,2387
ol],49%9 P.2R80 =g, 8454 s.0000 0.2997 0.PHuE 13,2783 11,3908 2.05247 443.63%6
o1¥.3711 9, neun *].5220 ¢, 4308 0.2761 o.8044 12,3179 11,6472 2.8430 456,597
=9.2413 ___0.vend  et,2241 __ 9.p0re 0.23%51 e, 0008 12,4777 ___tt1.8817 2.0348_ 464,.72%2
LIS LI TYY P.rveA =9,.95)s e, 900 0.2247 T 12.5689 12,9908 2.8207 409,£948
-9,903) S.uvnd ow,7129% 0.0n00 S.1968 0,.9400 12,690 12,2987 2.0709 49¢,4057
—S VI @ ¢hnn  c0,3A30 __ 0.A00W __ 0,.1676 ___ 0.¥ev0 _ 12,7225 __ 12.4696 ___1.8141_ _¢99,.679%¢
4,057 0.0hud ¢, 3270 s . 0000 0.1)69 0. P0HO 12,7034 12,6177 2.0092 567.,5%40
-], 4900 S, 0urw  =9,1807 (NI s.1048 w.00v0 12.8)2s 12.7374 2.005%¢ 313,9912
«2.3349 v, 0000 “9.0842 (R LT e,R712 9.000n 12.¥492 12.9261 2,902 StE,7733
ol 1002 f 800w -y, ,¥211 o ruen ¢.83e3 o.u000 12,0920 12.8011 2.0009 321,.761%
o.fone [T S . 0ven 0,000 . 0008 . 0vee 12.9008 12.9000 d.0003 3$22,7192¢
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Table A-1. High Aspect Ratio S-Duct— 10 % Diffusion (Concluded)

Dimensions in Inches - Full Scale

CENTERLINE COORDINATES CENTERLINE SLOPES SUPER ELLIPSE CROSS
EQUATION VARIABLES SECTIONAL
STA Xe Yo Xe* v 2z A 8 P AREA
268800 0.8000 _<12.40u¢ __$.0060 __ 29,0873 P.OROU __ 65797 48436 ___3.2067_ 263.78ue _
=¢6.83¢) O V0ne «22,.47%¢ e vexves o®,948) 9,000 16.3579% €.4493 Jed0SL 203,722%
=69 .,0644¢ S.none «22,5131¢ 2 U =g.wit) O 0000 fe.5678 §.8502 dedWel 20),7892
o TEEATCN O N0 ©22,99]8 0. 00UE ___0,.U264 B VUYY___0. 5518 Q6502 __3,192% 261,890
©b},3300 POUYn ©32,4%520 0.0¥v0 0.8¢17 [ Y LT 16,5361 44696 Jo1017 204.8497
62,1860 $.00¥90 <©22,34¢2 9,000 0.0956 ¢, uune 16,502y 4,4036 Jolo8t  264,.2¢406
—Cl 94V _____ 0,00 22,2342 0,0ved ®.12¥1 P, 0008 __ 10,4699 4.3008 __ 3,1919 264,4099
59,344} P 000 =42,0639 9, 0000 9.31992 [ ') 16,4314 4,5209 Jal3d4 264,73e3
38,6973 0.09€C9 <21,.96034 [ ¥ [ '] 9.1889 [ N 1] 16,3874 4.5439 Jellde 265.4382
~57,5522 Y, 9000 __=21,6309 8, uees 90,2171 (PG J6, 31688 4.,5698 3, 0920 _205,174)
56,4137 Puvud 21,5683 90,8600 €.24)9 0.0008 1602038 4.,5987 38643 205,7427
*43,.282¢ 0.0U08 <2t w718 [ 3. [+ 0.269) 0, Po0e 10,2238 4,614 39429 266,142¢
*84,31572 ___ 0. .nv00 _e2a,761) €, 00u8 $.2933 Q. 0000 __ 16,1564 ___ 4.6649 ___ ). 0lbe 266,.357v]3
53,839y P U0 24,4207 [ N I'TT) 6 .31em [T te.ovuy 4,024 2.9€91  2e7.8268
oy1.y288 (P LU T S FNT S 1 ®,09¢e 0.3371 0. o¢ve 16,8127 67427 2.9599 20?,.%7¢
*59.2291 . EAUN _=(5, 0748 60,0600 ©,357) 8, 6066 15,9322 9.7006 __2.93¢1 _ 268,a132
°49,72¥1 SN0 «19,23721 . ¥v0@ 237680 [ 1] i9.8407 4,833 2,964  268.5434
48,5576 C.U00Y e{8,852% [N 10 €.493¢8 S, vvbe 185.7563 4.¥€19 2.20%97 269.£%72
—=47.5%3) . 0unn _c(8.417¢ (LD $.469¢ 0,0006 15,8611 4,939 28378 __209.67%7
46,4749 Y Hudn =17 9e7¢ [T TT ) ®.4240 CRYTT) 19.581% 4,9¢93 2.9074 279.2774
45,4928 0,080 ot7,504t 9,269 ®.4384 (1T 15,4562 $,0479 2.7704 2Te,A957
=44,3348 9, devd _=17,0292 o, 0400 0.451¢€ 8, Vd0¥ 15,4443 $,10% 2.7449 _ 271,5229
43,2717 0,348 iy, 5418 d.pvne 0.4624¢ #.0000 19,2312 $.1748 2.7333  272.15¢9
42,2113 S. 400y eip Cavs 8.,0800 0.4728 t.¥300 19,1111 9.242% 26823 272,779
—_41,1509 0.00n2 _=i3,54%4 (X3 1L 1) Q.4¥2% ¢, 00y 14,9801 S.2138 ___ 2.06540 __273,4887_
-4¥, 840 9.8409 ei{S,.g34% [T e,49¢] v.v000 14.8%08 $.,J88¢ 2.6209 2174.0r%38
«}9,0602 $.,8900 =(4,5173 ‘4,.,00090 0.4971 8.0000 14,7237 S.40672 2.5% 09 274,732y
39,2152 0.0000 __=11,7946 », Bo0e 0,.%03¢ S.h0ue___ 14.587Y 9,3499 ___ 2.%686 _275,4%39
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Table A-2. High Aspect Ratio Duct—16.2% Diffusion Thick Lip Inlet Configuration Lines

Dimensions in inches - Full Scale

COWL — Trailing Edge to Highiight

CROWN : KEEL
STA Y STA Y
-89.63333 «18.39781 =01.02148 =31.28414
«80.93588 o15,.31816 «82.31799 =«31.11811
«§2.49201 -15§.280063 «83.88703 «30.88284
«84,.02750 «{15.296841 =§5.360682 «30.60164
«85.43357 «{5,354908 =$6.740%9 «30.20881
«86,.08133 «{5.44761 «87.93401 «29.90439
«87.60991 «15.56182 =§8.83898 «29.70158
«88.58009 «15.88834 =89.76212 «29.42781
«89,.28224 -{5,.02050 «70.43085 *29.175583
«§9.82912 «~{5.98394 «70.98874 «28.94588
«70.28193 ~{6.08503 «71.33878 «28.73708
«70.83881 «16.21439 «71.71783 «28.54810
«70.91439 «{6,33908S «71.96752 «283.37718
«71.11993 «{6.46008 «72.14908 «28.22308
«71,2038% =18.57455 «72.27071 «39.08539
«71.35100 .=18,.88088 «72.33827 «27.968551
71.38428 «16.76708 «72.358406 =27.8742%
LIP — Highlight to Throat
CROWN
STA Y STA Y

«71.38425 ={8,78785§ «72.358868 «27.87429%
«71.38883 «18.84448 -72.33518 «27.768040
«71.,37707 «16.92242 «72.292088 «27.684812
«71,38750 «17.00168 «72.22745 -27.53729
«71.32620 «{7.0823%8 72.13813 =27.42787
«71.28217 «{7.18471 «72.02282 «27.32001
=71.,22387 «17.24888 -71.87833 «27.21418
«T1.14841 «17.33409 «71.70218 «27.11104
«71.05408 «17.42081 «71.48073 «27.01189
«70.93752 «{7.50758 «71.24051 «28.91842
«70.79810 «17.59388 «70.94841 -26.8329%
a70.62273 «{7.87%03 «70.61234 «28.75853
a70.41568 «{7.78818 «70.28200 «268.89085S
-70.18808 <{7,.8321% -69.81020 =26.65679
«89.87112 «17.88807 -$9.38278 -26,.83681
«89.50482 «17.98820 «88.83085¢ «268.64137
«88,91418 «18.01844 -88.37374 «26.871¢8
-07.826286 -18.12812
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Table A-3. High Aspect Ratio Duct—16.2% Diffusion Very Thin Lip Inlet
Configuration Lines

Dimension in Inches - Fulf Scale

COWL - Trailing Edge to Highlight

STA Y
-64.33655 -30.24138
-64.97638 -30.16103
-65.74897 -30.02259
-66.53190 -29.84328
-67.27586 -29.63621
~67.95379 -29.41362
-68.55207 -29.18517
-69.06759 -28.95862
-69.50276 -28.73862
-69.86379 -28.52845
-70.15776 -28.32983
-70.39207 -28.14379
~70.57276 -27.97034
-70.70552 -27.81034
-70.79466 -27.66431
-70.84328 -27.53517
-70.85448 -27.43552

LIP - Highlight to Throat

STA Y
-70.84241 -27.36931
-70.81759 -27.30397
-70.77966 -27.23948
-70.72776 -27.17586
~-70.66052 -27.11310
-70.57672 -27.05155
-70.47431 -26.99155
-70.35138 -26.93397
-70.20586 -26.87966
~-70.03586 -26.83000
-69.84052 -26.78672
-69.61931 -26.75172
-69.37414 -26.72741
-69.10810 -26.71586
-68.82707 -26.71845
-68.53879 -26.73621
-65.82448 -26.87328
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Dimensions in lnches - Full Scale

COWL — Trailing Edge to Highlight

lable A-4. High Aspect Ratio Duct—16.2% Diffusion Thin Lip Inlet Configuration Lines

CROWN KEEL
STA Y STA Y
-81.55017 -15,.31227 =$2.89088 -30.63323
-82.44890 «15,26248 «8§3,73430 -30.52829
=483.53452 «15.25083 =64,85685%1 «30.34061
-84 62838 -15.20290 -88.92563 «30.12798
«45,65256 -{§.38369 «88.92348 «29.88013
«80,57326 «1§,.45381 -8§7.81278 «29.82166
«87.,3738% =15.57403 «88.58037 *29.368423
«88,05435§ «15.70848 «89.2275%1 «29.11588
-5$8.62291 =-15.04510 «89.76338 =28.88038
=§9.091386 -15.98572 «70.20028 «28.68056
«69.47212 -18.12548 «70.55097 =2¢8.458880
-83.77668 «18,26258 «70.82710 «38.268800
-70,01480 -18,395878 =71.03847 -28.09637
«79.19430 -18,52408 «71.19296¢ =27.93885
«70,32104 -18.846817 =71.29658% «27.79661
«70.,39898 -16.75929% «71.353868 -27.87187
«70.42941 -{8.85118 -71.36770 =27.57588%
LIP — Highlight to Throat
CROWN KEEL
STA Y STA Y

=70.42941¢ -{8,.8511% -71.36770 «27.87%538%
~70.43029% -18.92802 «71.38208 =27.49028
-70.42223 -17.005086 -71.32010 «27.40588
«7V.43268 =17.08520 -71.27109 ~27.32253
«70.37142 -17.16592 «71.20393 «27.324028
=-70,32733 -17.24828 «7T1.11710 «27.15017
-77.29874 =-17.33220 «71.00881 «27.07958
7019387 -{7.417863 =70.87617 =27.00208
«70,03924 «17.50418 «70.71719 =28,92751
«60.98268 -17.50109 -70.52907 -28.85723
«33.94028 «17.87739 -70.30946 =26.70300
~%59.68739 -{7.76158 «70.05679 «26.73703
«69,46082 «~{T7T.84171 -80.77090 «26.69193
«89.21322 -{7.91871 -89.45371 «26.88084
-83.91829 -{7.98181 -§0.109879 -26.84551
«68.54999 «18.03874 -88.74851 «26.84896
«87.9593S -13.00898 -88.37374 «28.87188
-67.62526 -18.12812
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Table A-5. Low Aspect Ratio Duct—16.2% Diffusion Thin Lip Inlet

Configuration Lines

Dimensions in Inches - Fuli Scale

COWL ~ Trailing Edge to Highlight

CROWN KEEL
STA Y STA Y
«81.37220 »{3.27804 -$3,06868 «32.88751
«§2.20104 =13.237128 =83.381¢9 -32.56373
-83.21157 -13.24109 «84.88641 «32.38451
-64,24527 =13.29560 «88,80603 «32,15102
«85,23718 -13.38317 =868.835480 «31.88200
-86.14958 «13.82652 «87.73021 «31,.89323
«§8,96329 «13.88838 «08.50397 - =31,29548
«§7.87200 =13.868108 «88.17141 «30.99842
«68,27771 -14,04642 «89.73578 =30.71188
«88.78700 =14.23613 ©70.20438 «30,43842
«89,20840 =14.42628 «70.58832 «30.17590
«80.55067 «14.081412 «70.80077 «29.93158
«69.82181 «14,.797681 «T71.125893 «29.70378
«70.02858 ={4.97406 =71.329874 =29.49322
«70.17612 «15,14397 =71.41470 - =29.30118
«70.20794 «15.30047 «71.47797 -29.13109
«70.30482 =15.42722 «71.48228 =29.89985
LIP — Highlight to Throat
CROWN KEEL
STA Y STA Y

«70.30482 -18.42722 =71.40228 «28.999¢5
«70,.306841% «15,80408 «71.47888 “28.91422
«70.29788 ~15.88200 aT1.44408 «28.82981
=70,27308 «15.66123 «71.30667 =28.748438
«70,24684 «15,741986 =71.32861 «28.66422
«70,2027% «15.82429 ~71.24108 «28.58313
«70.14418 ~15.90824 «71.13313 -28.50354
«70,008%9 -15.90306 «71.00078 «28.42802
«§9.97468 =168.08019 «70.84177 «28.38147
=89 ,85809 -{6.18713 =70.883¢85 «28,.28120
- =89,T1568 «16.29343 «70.43404 «20.21808
«89.84331 «18.33780 «T0.189137 «28.180%8
«$9.33624 «16.41778 =89.80643 =28.118389
«89.08864 «18.4017S -89.57829 «28.08449
<88,70171 -18,587868 «89.23437 «28.06947
~868.42541 «16,81478 -88.87109 «28.07291
=87.83477 -{6.87502 =88.40832 «28.09584
«87.501868 =16,70418
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Table A-5. High Aspect Ratio Duct—é1 0% Diffusion Thin Lip Inlet Configuration Lines

(Concluded)
Dimensions in Inches - Full Scale
COWL — Trailing Edge to Highlight
CROWN KEEL

STA Y STA Y
-81.31049 -15,08543 -82.70547 =30.93163
=82.24778 «16.00383 -83.83187 «30.92073
-63.37272 «14,90145 «84,.7415% «30.63758
=84 ,504684 «1§.02499 -85.85047 «30.40799
«85.68750 «15.00838 «86.88445 -30.16119
-86.52188 «15.20210 «87.80600 -29.88334
-87.3511¢ -15.32887 «88,60139 «29.81680
«08.05631 «{§.4631%0 «89.27107 «29.36901
=88.084548 -15,80787 -89.82723 -29.115822
-~89.13089 -15,78328 «70.2794%¢ =28,88743
«89.52648 «15.80811 «70.04340 =28,.87628
«89.84108 «16.04017 =70.92953 =28.43158
=70,08778 -18,.17321 «71.14868 «28.3028%0
=70.2737% -16.31116 71.30866 =28,13988
«70.40514 =16,43787 =71.41602 «27.009218
a70,.48538 -18.85490 =71.47518 =27.88270
«70.51743 -18.88011 «7T1.48972 «27.783458

LIP — Highligitt 1o Throat
CROWN

STA Y STA Y
«70.51743 -16,88011 =71.48872 -27.76348
=70.51908 =16,72973 «71,47353 «27.67472
«70.50899 «18.81049 «71.44039 =27.58725%
«70,43071 =18.89200 «71.380680 =27.50091
«T0.46734 -{6.87825 -71.32001 «27.415488
~70.41186S8 -17.06157 -71,28003 -27.33168
«70,35008 «{7.148686 -71.11781 =27.240186
=70.27303 «{7.23708 =70.98038 =27.16883
«70,17529 -17.32673 «70.815684 ~27.00158
«70.05450 «17.41683 «70.62070 -27.01876
-89,.00684 - =17.50628§ =70.308314 -26.95220
-69.728132 {17.58347 «70.13132 «26.80419
-60,.61374 «{7.67653 «69.83807 «28.847486
«80.25717 -17.78321 -88.50839 «26.81404
-88,94040 -17.82149 «80,14099 ~26.79037
«08.568901 -{7.38009 «88.773586 «26.80293
-87.9571¢ -{7.04311 -48.38723 «20,82609
-87.81272 -{7.97331¢
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SMALL SHAFT FAIRING

Table A-6. Shaft Fairing Configuration Lines

X Y
04241 40810
-60345 49621
- 10586 63276
23172 87362
.42328 1.18776
.63500 1.40328
.84672 1.56466

1.27000 . 1.78603
1.69345 1.91707
2.11672 1.98517
2.5400 2.00534
2.96345 1.98759
3.38672 1.93897
3.81017 1.86466
4.23345 1.76897
4.65672 1.65483
5.08017 1.52483
5.50345 ~1.38086
5.92690 1.22431
6.35017 1.05603
6.77345 87655
7.19690 .68586
7.62017 .48379
8.04362 .26948
8.46690 .04207

LARGE SHAFT FAIRING

240

X Y
.15517. .63276
.31207 .87414
.62241 1.18793
.93448 1.40345

1.24483 1.56379
1.86724 1.78621
2.48966 1.91724
3.11379 1.98448
3.73621 2.00517
4.98103 1.95517
6.22586 1.76897
7.47069 1.52414
8.71552 1.22414
9.96207 .87586
11.20690 .48448
11.82931 .26897
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