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The Subsonic Single Aft Engine (SUSAN) Electrofan is a new single-aisle regional jet class
transport aircraft being studied by NASA, which benefits from reduced fuel consumption
through a reduction in the number of hydrocarbon fuel-burning engines from two to one. This
is achieved through a hybrid-electric system architecture, where a series of generators are used
to extract power from a fuel-consuming tail cone thruster to drive electric propulsors mounted
on the wings. To support the development of these propulsion systems, which involve high
levels of propulsion-airframe integration, this paper presents high-fidelity analyses through
computational fluid dynamics (CFD) simulations provided by the Launch Ascent and Vehicle
Aerodynamics (LAVA) framework, which also includes capabilities for modeling the effect of
active propulsors. A trade space exploration is performed to investigate the advantages of
several wing mounted distributed electric propulsion system configurations, including overwing, under-wing, and trailing-edge arrangements. For the aft fuselage propulsor, focus is on
the sizing of the inlet, core, and bypass ducts. High-fidelity aerodynamic shape optimization is
also used to help minimize the inlet distortion intensity experienced by the aft propulsor fan
through a reshaping of the fuselage.
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Boundary Layer Ingestion
Computational Fluid Dynamics
Distributed Electric Propulsion
Drag Prediction Workshop
Electrified Aircraft Propulsion
Fan Pressure Ratio
Inlet Guide Vane
Launch, Ascent, and Vehicle Aerodynamics
Multidisciplinary design optimization of Aircraft Configurations with High Fidelity
Natural Laminar Flow
Propulsion Airframe Integration
Reynolds-Averaged Navier Stokes
SUbsonic Single Aft eNgine
Tail Cone Thruster
Trailing Edge

I. Introduction
Increasing environmental consciousness raises concern over the potential impact continued growth of civil air traffic
can have on the climate. As a consequence of this, major organizations have put forward strategic plans that include
aggressive time-frames to drastically reduce aviation carbon footprint. As an example of this, the International Air
Transport Association (IATA) has adopted a set of targets which include a reduction in net aviation CO2 emissions
of 50% by 2050, compared to 2005 levels [1]. In addition, the International Civil Aviation Organization (ICAO) has
announced the aspirational goal of an annual fuel efficiency improvement rate of 2% through 2050 for the international
aviation sector [2], while also establishing a global carbon offsetting mechanism called CORSIA (Carbon Offsetting and
Reduction Scheme for International Aviation), which aims to stabilize net CO2 emissions starting in 2021 [3].
This has placed the pursuit of a more eco-friendly aviation industry at the forefront of aeronautical research. Toward
this end, NASA is currently leading efforts to reduce aviation energy use and emissions through a range of projects
to create, mature, and flight demonstrate new aviation technologies. Examples of such research efforts are NASA’s
N3X [4], X-57 [5], and Single-aisle Turboelectric AiRCraft with an Aft Boundary Layer propulsor (STARC-ABL) [6].
Common among these projects is the adoption of novel aircraft configurations with Electrified Aircraft Propulsion
(EAP) systems, which have become of significant interest due to recent technology advances in composites, batteries,
motors, and other electrical components and subsystems. Two particularly promising concepts are boundary layer
ingestion (BLI) and distributed electric propulsion (DEP).
BLI is a concept in which a propulsor is embedded within the airframe to enable the ingestion of low momentum
boundary-layer flow. This provides the benefit of increased propulsive efficiency due to lower engine inlet and exit flow
velocities, and a decrease in nacelle and pylon wetted area and weight [7]. These advantages have given rise to a number
of advanced aircraft concepts utilizing BLI over the last decade [8–10]. However, inherent fan face inflow distortion
introduces performance penalties and design complexities on fans operating under these conditions. The key question,
then, is whether the added benefits of BLI are sufficient to outweigh its design challenges.
DEP is another innovative technology in which vehicle thrust is produced from an array of propulsors distributed
across the vehicle, powered by batteries, or a hybrid electric or turboelectric propulsion system. Over the last decades,
improvements in engine propulsive efficiency have been correlated with increases in bypass ratio and propulsor diameter,
and reduced fan pressure ratios. As propulsors become larger, however, these improvements begin to be outweighted by
the increase in weight and drag, especially when considering trades with landing gear height. As an alternative, DEP
allows for an increase in bypass ratio by distributing and increasing the fan capture area among many smaller propulsors.
Despite the inherent transmission losses, the flexibility offered by this technology provides additional benefits
through Propulsion Airframe Integration (PAI), where each propulsor can be positioned in mutually beneficial locations
with regard to both aerodynamics and propulsion. Furthermore, this architecture permits a decoupling between the power
generation components (electric generator, fuel cell, etc.) from the thrust production components (e.g. electrically-driven
fans or propellers). This allows each component to operate at peak efficiency conditions, increasing the overall thermal
efficiency of the propulsion system [11]. One of the early DEP concepts developed by NASA [12] features a number of
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highly efficient, light-weight electric motors which are used to power small distributed electric fans, partially embedded
in a hybrid wing-body aircraft. Additionally, work by Wick et al. [13] has shown that a distributed propulsion system
can offer as much as an 8% improvement in 𝑀 (𝐿/𝐷) compared to conventional underwing engine installations with
equivalent propulsive areas.
Building on the knowledge acquired by past research efforts, and leveraging the opportunities enabled by several
technological advancements, the SUbsonic Single Aft eNgine (SUSAN) Electrofan Aircraft was conceived. This
aircraft concept aims to target the regional low cost carrier airline market, designed for an economic mission range of
750 nmi, design range of 2500 nmi, a payload of 180 PAX and a cruise Mach number of 0.785. The main technological
breakthrough this concept aims to achieve is to reduce the number of hydrocarbon burning engines for subsonic regional
aircraft from two, the current state of the art, to a single engine while representing a novel technology demonstrator that
is cost-effective, flight-certifiable, and compatible with existing airport infrastructure. For this purpose, this aircraft
utilizes an EAP system, consisting of an aft fuselage hydrocarbon fuel burning engine, which provides 35% of the
total thrust, coupled to a generator that distributes power to wing-mounted electrically-driven propulsors responsible
for the remaining 65% [14]. In addition, the use of sustainable aviation fuels (SAF) is also being considered to drive
emissions down further. The current concept is shown in Fig. 1, which is the result of an aircraft configuration trade
space exploration performed by Chau et al. [15]. It features an aft fuselage mounted BLI tail cone thruster (TCT)
integrated with a T-tail configuration, and a wing-mounted DEP system with 16 propulsors.
This work brings high-fidelity analysis to the trade space exploration of the SUSAN Electrofan concept through
Computational Fluid Dynamics (CFD) simulations. The overarching objective is to serve as a verification point for
the results obtained from the system level analysis, as well as to support the development of airframe components
and propulsion systems by appropriate sizing, trade space exploration, and performance optimization. Moreover,
including high order aerodynamics effects in the analysis enables the modeling of the PAI phenomenon, furthering
our understanding of these revolutionary propulsion technologies. Finally, the data acquired at this stage will also
help inform the detailed component design as well as system level choices made by other teams, such as propulsion
[16, 17] and wing design [18]. This work will also seek to highlight the major advantages and challenges of using CFD
in-the-loop when developing a novel aircraft concept.
Section II will present the computational methods used, while in Section III the aft mounted engine is considered
where a correct sizing will be defined, aerodynamic shape optimization employed in order to minimize its inlet distortion
and its performance monitored as the model complexity is increased by adding more components to the analysis. In
Section IV, the DEP will be appropriately sized and be the subject of a trade space exploration study in order to evaluate
the benefits of a number of boundary layer ingesting configurations, namely over-wing, under-wing, and trailing edge
configurations, where propulsion and aerodynamic considerations will be the main points discussed. Conclusions and a
summary of the main achievements are presented in Section V

Fig. 1

A conceptual model of the current SUSAN Electrofan aircraft.

II. Computational Methodology
A. Launch, Ascent, and Vehicle Aerodynamics (LAVA) framework
The CFD analysis conducted in the present work used the Launch, Ascent, and Vehicle Aerodynamics (LAVA)
framework [19]. This software package contains flow solvers able to support a wide range of mesh paradigms such as
unstructured arbitrary polyhedral, structured cartesian with adaptive mesh refinement, and structured curvilinear overset.
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The structured curvilinear overset paradigm was the approach selected for this work. In this solver, a finite difference
discretization is applied to the steady state compressible Reynolds-Averaged Navier Stokes (RANS) equations in strong
conservation law form [20]. The convective fluxes of the mean-flow equations are discretized using a second-order
accurate modified Roe scheme with a Koren flux limiter [21, 22]. The Spalart-Allmaras (SA) turbulence model [23]
with Rotation Correction [24] and Quadratic Constitutive Relationship corrections [25] (SARC-QCR2000) is used for
closure with the corresponding convective terms discretized using first-order upwinding, and the turbulence model
equation solved segregated from the mean-flow equations.
The nonlinear set of equations is marched to steady state using automatic CFL ramping to accelerate convergence.
The resulting linear system is solved using an incomplete lower-upper factorization with level 0 fill (ILU(0)) to
precondition the krylov-subspace linear solver generalized minimal residual method (GMRES) [26]. These solver
capabilities have been validated against experimental data from the Sixth Drag Prediction Workshop (DPW-VI) and are
presented in [27].
The propulsion modeling approach employed in this work uses an actuator zone methodology [28, 29], which offers
a more flexible and computationally inexpensive alternative to a time-accurate unsteady simulation that includes a
rotating fan geometry. In this method, the momentum imparted to the flow by the fan, propeller, or turbine is added
into the discretized momentum and energy equations as a source term, which can vary in the radial direction and is
distributed such that a prescribed total thrust and torque is imposed on the fluid within the user defined actuator zone.
Although radially varying thrust and torque distributions are optional inputs, a constant thrust profile without torque was
assumed for this work.
B. Aerodynamic shape optimization
For aerodynamic shape optimization, this work uses the Multidisciplinary design optimization of Aircraft Configurations with High Fidelity (MACH) framework [30, 31]. It utilizes the ADflow flow solver [32–34] which, in this work,
was used to solve the steady state RANS equations with the SA turbulence model on structured overset meshes. The
optimization algorithm consists of a gradient-based optimizer SNOPT (sparse nonlinear optimizer) [35] which utilizes
an augmented Lagrangian merit function.
In this work, the objective of the optimization problems considered is to minimize the inlet distortion experienced
by the tail cone thruster, as described in Section III. The distortion metric is based on the SAE Recommend Practice
ARP1420 document [36], which provides a measure of describing distortion patterns for a given radial section of the
inlet. In this work, only the circumferential distortion intensity is considered, which for a given radial section can be
defined as:
𝐼=

𝑃avg − 𝑃avg,low
𝑃avg

(1)

where 𝑃avg is the average total pressure on the aforementioned radial section and 𝑃avg,low is the average total pressure of
the region below 𝑃avg . These methods and procedures are based on the work of Kenway et al. [37].
C. Computational domain discretization
Given the design nature of this work, where component geometries evolve rapidly, the inherent modularity of the
structured curvilinear overset grid paradigm used to discretize the computational domain represents a considerable
advantage. As components are added or replaced, existing grids can still be used without the need to completely
regenerate the grid system. Furthermore, various steps of the grid generation process can be automated through scripting,
limiting user error and allowing faster turn-around times.
The grid generation process followed a bottom-up approach and started by guaranteeing the quality of the geometry’s
CAD representation using the ANSA [38] software package. Next, the surface domain was decomposed into overlapping
four-sided meshes using the Pointwise [39] software tool in which appropriate grid topologies were defined for each
component. After creating the surface meshes, the Chimera Grid Tools software package [40] was used to hyperbolically
extrude them into near body volume grids, marching out orthogonally away from the surface. Following best practices,
the same wall spacing and stretching ratio were maintained for the entire configuration. The near-body volume grids of
each component were then enclosed inside multiple near-field Cartesian grids which in turn were embedded into a
large Cartesian grid sized to ensure that the domain boundaries did not interfere with the near-body flow field. Domain
connectivity was the last step, which was accomplished using the connectivity module implemented in the LAVA
framework that conducts both the explicit and implicit hole-cutting procedures [41].
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III. Tail Cone Thruster Analysis
The high fidelity investigations of the TCT aimed to accomplish two main objectives. First, to benchmark engine
performance and inform design sizing in order to obtain a TCT model that could meet the minimum performance
requirements determined by the conceptual models [15, 17] which are presented in Table 1. The second objective
was then to minimize the distortion intensity at the TCT fan face by modifying the aft fuselage surface through the
employment of aerodynamic shape optimization tools.
Table 1

TCT performance requirements.
FPR
Total 𝑚¤ [kg/s]
Core 𝑚¤ [kg/s]
Bypass 𝑚¤ [kg/s]

1.28
146.80
36.32
110.48

For these analyses, simulations were performed on the wing–fuselage–TCT model shown in Fig. 2, herein referred to
as TCT Design Iteration 0. Unless otherwise noted, this geometry is simulated at the flight cruise condition established
at the time of this work: a Mach number of 0.785 and an altitude of 37,000 ft, which results in a Reynolds number of
23 × 106 based on the mean aerodynamic chord, and an angle of attack of 𝛼 = 2.0°. Simulations were run until either
the flow equation residuals decreased by six orders of magnitude or the integrated loads presented a standard deviation
below one-tenth of a drag count over the last 100 nonlinear iterations.

Fig. 2

Initial wing–fuselage–TCT model of the SUSAN Electrofan aircraft.

A. Grid Refinement Study
In order to determine an adequate mesh resolution for investigating the aerodynamics of the SUSAN Electrofan, a
grid refinement study was conducted. This involved performing a simulation on successively finer grids to gauge the
order of the spatial discretization error. A coarse mesh was generated following the guidelines provided by the Sixth
Drag Prediction Workshop (DPW-VI) [42], and was consistently refined in each computational direction with factors of
1.4 and 2.0 to create ‘medium’ and ‘fine’ meshes, respectively. These meshes are shown in Fig. 3.
Grid convergence studies are shown in Fig. 4, where aerodynamic functionals are plotted against the square of the
characteristic grid size 𝑁 −1/3 , where 𝑁 is the number of solution nodes. The number of solution nodes represents the
number of degrees of freedom of the discretized system and, in an overset grid, is obtained by subtracting the blanked and
fringe points from the total number of grid points. Based on the second-order spatial discretizations used in this work, a
linear relationship is expected in the asymptotic regime, meaning that the spatial discretization error asymptotically
approaches zero as the grid is refined. However, the actual observed behavior may deviate due to non-linearities in the
flow solution, the presence of shocks, turbulence modeling, and grid quality, among other factors [43]. Nonetheless,
linear fits are used to approximate the grid-converged aerodynamic functionals. These results are provided in Table 2
where the grid characteristics, integrated loads, and mass flow rate (𝑚)
¤ through the TCT are presented
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(a) Coarse mesh

(b) Medium mesh

Fig. 3

(c) Fine mesh

Grid refinement levels.

Another conclusion comes from analyzing the limit of an infinitely fine mesh, i.e., the asymptotic value as 𝑁 −2/3
tends to zero. Observing the intersection between the linear fit included in Fig. 4 and the y-axis, one can extrapolate the
loads on such an infinitely fine mesh. This value is represented as ’∞’ in Table 2.
Table 2

Grid refinement study results.

Grid Level

Solution Nodes
[1 × 106 ]

𝑦 +avg

Wall Normal
Stretching Ratio

𝐶𝐿

𝐶𝐷
[counts]

𝐶𝑀

𝑚¤
[kg/s]

Coarse
Medium
Fine
∞

9.73
25.68
75.34
-

0.82
0.58
0.41
-

1.2
1.14
1.09
-

0.4238
0.4223
0.4218
0.4210

225.455
221.212
219.179
216.996

−0.31022
−0.30849
−0.30782
−0.30691

62.009
62.246
63.151
63.410

Figure 4 shows that the integrated loads closely follow the expected 2nd order convergence behavior, with the
predicted values for all grid levels following a strong linear trend. Additionally, while both the medium and fine grids
predict very similar results, within 1.9% of the asymptotic value for all three quantities, indicating less sensitivity as we
move from the medium to the fine grid levels, a higher sensitivity is observed between the coarse and medium levels.
The results of mass flow rate through the TCT also indicate a higher deviation from the trend line when compared to
the integrated loads plots. Despite that, a small grid sensitivity overall is verified with the coarse mesh laying within
2.2% of the asymptotic value. Based on the considerations above, the medium mesh level was chosen for all proceeding
analyses as it was deemed a good compromise between solution accuracy and solution time.
B. Aft Fuselage Engine Sizing
In the first step of this analysis, the goal was to obtain sensitivity data on the core size and the bypass ratio in order
to guide a more detailed sizing of the engine bypass and core ducts. For this purpose, two core sizes were simulated for
TCT Design Iteration 0. Given the early stage of the design process, the engine model used throughout this analysis,
shown in Fig. 5, is a highly simplified system. It features a fan, one bypass duct, and one core path that neglects the
detailed internal turbomachinery and actual flow path. The thrust generation is instead modeled using an actuator zone
with constant thrust distribution, as described in Section II. A primary actuator zone is used to model the fan propulsive
effects, shown as the red zone in Fig. 5, while a secondary actuator zone is used to accelerate the core flow to roughly
mimic the influence of the turbomachinery, which is shown in orange. However, the second actuator zone in the core
was omitted for this and the following simulations as the high flow acceleration provided by the fan actuator zone by
itself lead to a close-to-choked flow condition inside the core and thus to the core’s maximum mass flow rate.
The results of this initial design iteration are shown in Fig. 6 where the Mach number contours are plotted on the
symmetry plane. The fan pressure ratio and the mass flow rate values are also presented. Both core sizes present
qualitatively similar flow fields where a supersonic condition is attained at the exit nozzle of both bypass and core ducts
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alongside the presence of a shockwave. A stronger shock is observed at the bypass duct of the large core variation
while the opposite is true for the shock located at the core exit nozzle. The small core TCT was not able to attain the
performance requirements outlined in Table 1, while for the larger core size, only the core mass flow rate was able to
meet (and exceed by 27%) those same requirements. This data was then used to inform the next design iteration, during
which a reshaping of the internal flow path took place while an increase in FPR to 1.37 was deemed necessary to meet
the mass flow rate requirements.
The results of the revised iteration, i.e. TCT Design Iteration 1, are presented in Fig. 7a. Since the vertical tail was
not included, the system was intentionally oversized in order to accommodate its anticipated blockage effects. For this
iteration, the supersonic condition is again attained at the exit nozzle but this time with the presence of a relatively weak
shock wave. Furthermore, the mass flow rate split appears to accomplish the minimum system requirements. As a result
of the simplified model of the core, supersonic flow is observed due to a constricted nozzle section within the duct,
7

Fig. 5

Fig. 6

TCT actuator zones.

Mach contours at the symmetry plane for TCT Design Iteration 0.

behavior which is not expected once the turbomachinery is more accurately modeled. Additionally a low Mach region is
observed in the aft fuselage diffuser section as a result of the adverse pressure gradient. After a thorough analysis, it was
observed that the wing fairing induced an abnormal thickening of the boundary-layer that leads to flow separation at the
fuselage upsweep section, contributing to the distortion ingested by the fan.
The distortion profile is presented in Fig. 7b, which illustrates total pressure contours normalized by the free-stream
total pressure. Characteristic of a type II BLI system, the outer radius regions of the profile ingest near-freestream
flow, whereas near the hub, the low momentum flow developed along the fuselage is ingested, resulting in a lower total
pressure. On the bottom half of the profile, as a consequence of the fuselage diffuser geometry and the wing downwash,
an enhanced mixing of the free-stream flow can be seen, along with slower moving boundary-layer flow that develops
next to the fuselage, contributing to an increased distortion intensity. The observed total pressure gradients in both the
circumferential and radial direction create a challenging condition for turbomachinery components to withstand.
C. Tail Cone Optimization
Having attained a TCT configuration that meets the performance requirements the focus shifted to minimizing the
flow distortion ingested by the fan, a key aspect that can hinder the performance of the aft fuselage BLI engine. For this
purpose, aerodynamic shape optimization of the fuselage was considered with two main objectives. First, to eliminate
the aforementioned flow separation at the fuselage diffuser section by redesigning the wing fairing, and second, to alter
the shape of the aft fuselage section so as to minimize distortion intensity. Given the early design stage of the current
work, a single-point unconstrained optimization is performed at the nominal cruise condition.
Although shown in Fig. 8, 9, and 10, the T-tail and inlet guide vanes (IGVs) were not included in the optimizations.
These were removed during optimization and reintroduced once a satisfactory design was obtained. The vertical tail
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(a) Mach number contours at the symmetry
plane.

Fig. 7

(b) Inlet distortion profile at the nacelle highlight.

TCT Design Iteration 1.

features an innovative design in which the structure is partially embedded in the nacelle, and the primary loads are
shared between both the tail and the engine, as visible in Fig. 9a. Furthermore, this design also minimizes engine flow
blockage, since the vertical tail skin transitions to create the top-most IGV. Finally, the IGVs, which in the current
iteration consist of a uniform circumferential distribution of symmetric airfoils, were included as a measure to further
reduce the flow distortion and flow angularity upstream of the fan.

Fig. 8

Comparison between the baseline and optimized fuselage.

Fig. 8 shows the comparison between the baseline design and the optimized aft fuselage shape, in profile. The
optimization reduced the slope of the first third of the diffuser’s top section, while the opposite is true aft of that point,
where there is an inflection point and a slope increase. On the bottom section of the fuselage, a more pronounced
transition to the diffuser section is noted where a convex shape was introduced at the symmetry plane and overall a wider
fuselage cross section is noted, as shown in Fig.9. The former can possibly be explained by the fact the optimization
work was conducted using a half-body geometry, given the symmetry of the fuselage, and no tangency constraints were
included. Additionally, take-off constraints dictated the short length of the diffuser which may have contributed to the
adoption of this non-conventional and non-intuitive shape by the optimizer. The development of a smoother design that
attempts to remove this cusp is currently under development.
Toward the first optimization objective, the wing-fuselage fairing was extended aftward, and both the fairing and
fuselage contours were reshaped to contribute to a smooth blending between the two parts, as shown in Fig. 8 and 9b.
This eliminated the boundary-layer separation downstream of the baseline fairing and as a result removed the low Mach
contours around the fuselage diffuser visible in Fig. 10.
Comparing the mass flow rate results for the two configurations presented in Fig. 10, it is possible to observe that
despite the consideration discussed above, a slight reduction in mass flow rate is noted for the optimized solution. This
is mainly due to a decreased in the bypass mass flow rate, while the core mass flow remains approximately the same.
This can possibly be explained by the wider fuselage cross section contributing to a reduction in the nacelle inlet capture
area, as shown in Fig. 11a. Nevertheless, the TCT performance requirements are still met with a considerable margin
for the optimized configuration.
9

(a) Top view

(b) Bottom view

Fig. 9

Vertical tail and IGV fuselage integration for both baseline and optimized fuselage.

At the nacelle highlight in Fig. 11a, it is possible to observe the optimized fuselage eliminated the spillage of
low-momentum flow observed at the bottom of the nacelle and overall contributed to a more uniform total pressure
distribution. As a consequence of removing the excess total pressure deficit in the bottom of the TCT, the mass-averaged
total pressure at the nacelle highlight decreased by about 0.5% for the optimized design. Additionally, the results seem
to indicate the optimized fuselage contributes to a reduction in the previously described mixing between free-stream
flow and low-momentum flow observed at the bottom half of the diffuser section. A vortex is observed on the top
of the profile for both solutions due to the integration of the vertical tail which resulted in a downward facing step.
The optimization also seems to alter this vortex structure, reducing its strength. Nevertheless, this characteristic is not
desirable and redesign work to smooth the vertical tail integration will be included in the next design iteration.
At the fan face, located downstream of the IGVs, where distortion intensity was minimized by the optimizer, the
ARP1420 distortion metric dropped from 10.1% to 7.9%. This is apparent in Fig. 11b, where a noticeable difference
between these two profiles is observed at the bottom section of the profile where the low momentum flow region is
absent for the optimized solution. On the top section of the profile, the previously mentioned vortex also develops in
two distinct ways and, as it travels downstream of the engine, it diffuses across a larger region, thus contributing to an
increased distortion. In Fig. 11a and 11b, the presence of the IGVs is shown to reduce the perceived distortion. At the
core/bypass, represented in Fig.11c, an overall increase in total pressure is verified due to the fan actuator zone. A
similar trend is observed in the bottom of the profile, where the optimized profile shows a higher total pressure region
compared to the baseline.

IV. Distributed Electric Propulsion Analysis
In order to investigate the potential benefits of a wing-mounted DEP system, a trade space exploration was performed
through steady-state CFD simulations that captured the effect of active propulsors on the airframe aerodynamics through
actuator zone models. Although a wide range of integrated wing propulsor configurations have been studied previously
[13, 44] , this work presents investigations of three different configurations: an over-wing configuration, and under-wing
configuration, and a trailing-edge configuration. A sizing study was first performed to develop a ducted fan model
that could meet the system level requirements shown in Table 3, which are based on a preliminary SUSAN Electrofan
concept [15] with sixteen distributed propulsors. The next step was to then investigate the impact of propulsion and
airframe integration, where simplified infinite wing models were used to explore the design space. These steps are
presented in the following sections.
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Fig. 10

Mach number contours comparing the baseline and optimized wing–fuselage–tail–TCT models.
Table 3

Design characteristics and requirements for a single ducted fan propulsor.
Fan diameter [m]
Hub-to-tip ratio
Mass flow rate [kg/s]
Fan pressure ratio

0.764
0.25
33.65
1.25

A. Ducted Fan Sizing
To begin, an isolated propulsor was first considered, whose dimensions were determined based on an initial concept
developed from low-order models [45]. For simulating the effects of an active fan stage, an actuator zone with a constant
thrust distribution is used, as described in Section II. Simulations were performed at the nominal cruise conditions
at an angle of attack of 0°, with the goal of determining whether the mass flow rate of 33.65 kg/s, and hence thrust
requirement, could be achieved. This was done using Broyden’s method to drive the applied thrust of the actuator zone
to meet the target fan pressure ratio (FPR) of 1.25. Given the simple geometry of these single propulsor cases, the same
DPW-VI guide lines, mentioned in Section III.A, were used to define appropriate grid spacings, stretching ratios, and
point distributions for these meshes.
After an initial iteration that featured a single fan√stage, a dual counter rotating fan design was adopted where the
load is distributed equally, each fan with an FPR of 1.25. This feature was implemented to improve the robustness
of the very low FPRs to inlet distortion when considering BLI and off-design conditions [16]. This iteration, herein
referred to as DEP Propulsor Design Iteration 1, is shown in Fig. 12.
A cross-section of Mach contours for DEP Propulsor Design Iteration 1’s solution is shown in Fig. 13a, along with
its performance metrics. At the target FPR, this design experienced minimal adverse effects. However, it was unable to
meet the required mass flow rate at 25.57 kg/s, which was likely due to the reduced flow acceleration at the inlet.
In order to reduce the mass flow rate deficit while maintaining the overall flow characteristics, Iteration 1 was scaled
uniformly by 22% to first provide sensitivity data. A linear interpolation was then performed to yield Iteration 2 which
involved a scaling factor of +9.8% as shown in Fig. 13b. Although a stronger shock can be seen near the exit nozzle of
Iteration 2, the target mass flow rate was achieved with a margin of about 6%. This was deemed satisfactory since a loss
of mass flow rate was anticipated when moving to an integrated design.
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(a) Nacelle highlight

(b) Fan face

(c) Core/bypass inlet

Fig. 11

Distortion profiles at various locations in the TCT.
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Fig. 12

DEP Propulsor Design Iteration 1.

(a) Iteration 1

Fig. 13

(b) Iteration 2

A comparison of Mach contours for DEP propulsor design iterations 1 and 2.

B. Propulsion Airframe Integration
Having arrived at a satisfactory preliminary propulsor model, the next step was to integrate the ducted fan unit
onto the wing in order to investigate the benefits of boundary-layer ingestion and the design challenges associated with
aero-propulsive coupling. For this purpose, a simplified infinite wing model which includes a single propulsor, was
developed. This enabled a more cost-effective approach to exploring the design space, which can be quite vast given the
interactions between aerodynamics and propulsion.
B.1. Clean Wing
In order to develop the integrated infinite wing models, a clean infinite wing geometry was first developed, which is
defined by an airfoil profile obtained at an inboard station of the preliminary SUSAN Electrofan wing presented in
Lynde et al. [18]. This geometry has a chord length and span of 4.72 m, as shown in Fig. 14a, and is simulated at the
cruise conditions corrected for a half chord sweep of 14.5°, i.e. 𝑀 = 0.76 and 𝑅𝑒 = 25.1 × 106 . For this new condition,
the mass flow rate requirement was corrected to 𝑚¤ = 32.58 kg/s.
Given the change in flow conditions and geometry, a grid refinement study was conducted to confirm the mesh
resolution previously selected was still appropriate. For this purpose, a procedure identical to the one described in
Section III.A was followed to construct three different mesh resolutions: coarse, medium, and fine. For this study,
however, the cases were run at a 𝐶 𝐿 = 0.501 while monitoring the respective trim angle of attack and drag coefficient.
The results of the analyses are summarized in Table 4 which demonstrates a strong agreement between the predicted
values for all three meshes. The angle of attack increases with increasing refinement level, reaching the approximate
asymptotic limit at 0.8617, which is within 0.2% of the value predicted by medium level mesh. This indicates a
reduction in lift as the mesh spacing is decreased. The drag coefficient follows an opposite trend and a reduction is
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Table 4

Clean wing case grid refinement study results.

Grid Level

Solution Nodes
[1 × 106 ]

𝐶𝐿

𝛼
[deg]

𝐶𝐷
[counts]

Coarse
Medium
Fine
∞

1.73
4.75
13.48
-

0.501
0.501
0.501
0.501

0.8582
0.8599
0.8608
0.8617

82.021
80.652
80.160
79.450

observed as the grid is refined. Nevertheless, for all three mesh resolutions the values are within 3% of each other.
Analyzing the pressure coefficient distribution at the symmetry plane (half span), presented in Fig. 15, all three
refinement ratios predict essentially identical pressure distributions except at the shock location. With increasing
refinement ratio, the shock seems to move further upstream and with a more pronounced pressure reduction after the
shock. Due to the lack of resolution, the coarse mesh does not predict a significant pressure change aft of the shock. The
medium and fine meshes, on the other hand, present very similar trends. It is also important to note that these differences
are subtle, within 0.8%, and, for the combined reasons expressed, the medium mesh refinement was considered a valid
option to proceed the analysis.

(a) Geometry

(b) Center-line Mach contours computed on the
medium mesh level.

Fig. 14

Fig. 15

Clean infinite wing

Clean wing pressure distribution at each grid level.
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B.2. Integrated Propulsors: Nominal Performance
The clean infinite wing geometry is used to develop and investigate three integrated propulsor concepts, which
include the over-wing, under-wing, and trailing-edge (TE) configurations. The over-wing concept features a propulsor
mounted on the suction side of the wing towards the trailing edge. The conceptual advantages of this configuration
include upper surface suction, which can help enhance lift forward of the propulsor and prevent boundary-layer
separation. At transonic speeds, however, suction can lead to premature shock formation if the airfoil is not carefully
redesigned. In addition, the presence of the propulsor causes a local increase in pressure over the upper wing surface,
which reduces the overall lift of the section. To compensate for this loss, more lift must be generated over the forward
portions of the wing, which could also lead to significant wave drag penalties. Since natural-laminar-flow (NLF) wing
technology is being considered for the SUSAN Electrofan [18], and given that this technology is usually limited to
the upper wing surface due to practical limitations, the over-wing configuration is less preferable since it can cause
premature transition, or at the very least, prevent a greater laminar flow extent. Delayed transition also leads to reduced
turbulent boundary-layer thickness ingested by the propulsor, which reduces potential BLI benefits.
For the under-wing configuration, the propulsor is mounted on the pressure side of wing towards the trailing edge.
This arrangement avoids many of the concerns surrounding the over-wing configuration but comes at the cost of reduced
lift capabilities due to lower surface suction. Despite that, this concept provides the added benefit of a clean upper
surface for maximizing the laminar flow extent.
The third concept is the TE configuration where the propulsor is installed behind and in-line with the wing
trailing edge. In principle, this configuration helps avoid the integration challenges associated with the previous two
configurations since it is less disruptive to the wing design, reducing the coupling between lift, drag, and propulsive
efficiency. The TE configuration also has the benefit of increased BLI benefit, ingesting both upper and lower surface
boundary layers. However, this comes at the cost of increased inlet distortion, and system level challenges related to
structural design and high-lift devices.
For each configuration, propulsors were installed at a 0° incidence relative to the airfoil. To accommodate this
incidence angle, insets were created for the over-wing and under-wing configurations to maintain the inlet capture area,
and hence, mass flow rate of each propulsor. Since the propulsors of these two configurations were positioned at the
same chordwise locations, the camber of the airfoil led to different inset depths, which were considered unique to each
arrangement. For the TE configuration, a notional structural rod was included, which extended from the front of the hub
through the wing to attach to the rear spar. This was done to capture the aerodynamic design penalties associated with a
feasible structural design. The resulting models are presented in Fig. 16.
All three configurations were compared at a nominal condition, i.e. 𝐶 𝐿 = 0.501 (integrated over all surfaces
of the model excluding the actuator zones), with an FPR of 1.25 across the dual fan actuator zone simulated at the
aforementioned flow condition.

(a) Over-wing configuration

Fig. 16

(b) Under-wing configuration

(c) TE configuration

Simplified infinite wing models used to investigate each DEP configuration.

Over-wing Configuration Results
Results for the over-wing configuration indicate that a mass flow rate of 32.80 kg/s can be achieved, which provides
a 0.6% margin to the mass flow rate requirement of 31.50 kg/s. Compared to the mass flow rate of the isolated propulsor
operating at the same sweep-corrected flow conditions and angle of attack, i.e. 33.74 kg/s, this demonstrates a 3% loss
in mass flow rate as a result of propulsion and airframe integration. From Fig. 17a, a strong shock can be seen upstream
of the inset, while Fig. 17b illustrates a considerable separation pocket within the inset region — a result of the adverse
pressure gradient. This low-momentum flow is ingested by the propulsor as shown in Fig. 17c, which corresponds to a
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region of low total pressure. Due to the high flow angularity of the ingested flow, however, propulsive efficiency is
expected to be diminished, which requires a wing redesign that is currently on-going.
Figure. 18a presents the pressure distribution at the center plane, with the nacelle and hub omitted. Compared to the
clean wing case, a strong shock is formed further upstream, which is due to the presence of the inlet, as well as the 54%
increase in the angle of attack required to compensate for the loss of lift over the propulsor location. The abnormal
pressure signature downstream of the shock location is caused by the actuator zones within the nacelle, and are subject
to change when higher order methods are employed. A flow expansion is also observed at the nacelle lip, visible through
the decrease in 𝐶 𝑃 .

(a) Mach contours at the center-plane

Fig. 17

(b) U-velocity contours at the center- (c) Total pressure ratio contours at the
plane and near the nacelle inlet
nacelle inlet

A comparison of each DEP configuration at the nominal operating condition.

Clean Wing
Over-wing Nominal

Clean Wing
TE Config Nominal
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Under-wing Nominal
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(a) Over-wing configuration

(b) Under-wing configuration
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Fig. 18

Nominal pressure distributions at the center-plane for each DEP configuration.
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Table 5

Nominal condition results.

Clean wing

Over-wing

Under-wing

TE

Target

𝛼 [deg]

0.8599

1.3929

1.1692

0.8366

-

FPR

−

1.25

1.25

1.25

1.25

𝐶𝐿

0.501

0.501

0.501

0.501

0.501

𝐶𝐷 [counts]

80.652

205.649

157.151

128.906

-

𝑚¤ [kg/s]

−

32.80

33.46

32.66

32.58

Under-wing Configuration Results
For the under-wing configuration, a mass flow rate of 33.46 kg/s was achieved, providing a 2.7% margin to the
mass flow rate requirement. This corresponds to a 0.80% loss in mass flow rate as a result of propulsion and airframe
integration. Fig. 17a illustrates a modest shock over the upper surface of the wing, while a modest separation pocket can
be seen upstream of the propulsor in Fig. 17b. Fig. 17c shows that the amount of low-momentum flow ingested by the
propulsor is smaller compared to the over-wing concept, but this corresponds to a greater propulsive benefit due to the
reduced regions of reversed flow.
The center-plane pressure distributions shown in Fig. 18b illustrate that the high pressure coefficient regions over the
lower wing surface due to the presence of the propulsor increases sectional lift. This is diminished, however, by the
effect of suction upstream of the propulsor, which lowers the local pressures. Overall, the under-wing configuration
experiences a reduction in lift due in part to a 2.7% negative lift contribution from the nacelle, which results in a required
angle of attack for meeting the 𝐶 𝐿 target higher than the clean wing case.
TE Configuration Results
For the TE configuration, the mass flow rate requirement is met at 32.66 kg/s with a 0.2% margin. Relative to the
isolated propulsor, this represents a 3% penalty from propulsion and airframe integration. This can be explained in part
by the obstruction caused by the trailing edge, which slightly reduces the capture area.
Fig. 17a and 17b illustrates that the adverse flow features over the wing are largely eliminated given the high level
of decoupling between the wing and propulsor. This results in a trim angle of attack close to that of the clean wing
case. From Fig. 17c, it can be seen that the propulsor ingests the boundary layer developed on both the upper and
lower surfaces of the wing, contributing to a potential increase in BLI benefit. However, the wing wake introduces a
challenging distortion profile which can hinder fan performance if not addressed. Fig. 18c includes pressure distributions
for the TE configuration and the clean wing case, illustrating similar flow features. The presence of the propulsor,
however, increases the local pressures near the trailing edge, despite the effect of upper and lower surface suction.
B.3. Integrated Propulsors: Off-design Performance
Having completed the analyses at the nominal condition, the next step of this study was to investigate the performance
robustness of these designs by simulating three off-design conditions. The first corresponded to an unpowered flowthrough analysis, which can provide some insight into the behavior in the event of an equivalent one-engine-inoperative
scenario. The other two simulated ±10% variations in thrust and intended to assess the configuration’s thrust sensitivity
while simultaneously further our understanding on the propulsion system’s performance in the event some of the
propulsors have to compensate for inactive fans. Each of these cases were run at each configuration’s respective trim
angle of attack.
Over-wing Configuration Results
Starting with the over-wing configuration, Fig. 19 pictures the Mach number and U-velocity contours for the
unpowered, −10% thrust, and +10% thrust where the nominal solution was also included for ease of comparison.
For the unpowered solution the upper surface of the wing behaves suboptimally and a considerable increase in flow
separation is observed in Fig. 19b, as a possible consequence of the loss of the engine suction effect. This contributes to
a 2% increase in drag despite the absence of a strong shock at the hub and wing for the nominal condition. However, the
shock wave at the nacelle increased in strength. This is possibly explained by a change in the streamtube leading to the
nacelle, which is caused by the higher blockage created by the flow separation. For this flow-through comparison, it is
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(a) Mach contours

Fig. 19

(b) U-velocity contours

Over-wing configuration: Center-plane performance at on- and off-design conditions.
Table 6

Over-wing configuration results.

Unpowered

−10% Thrust

Nominal

+10% Thrust

𝛼 [deg]

1.3929

1.3929

1.3929

1.3929

FPR

1.0

1.22

1.25

1.28

𝐶𝐿

0.298

0.481

0.501

0.530

𝐶𝐷 [counts]

209.359

205.633

205.649

205.461

𝑚¤ [kg/s]

26.46

32.23

32.80

33.21

important to reiterate that the internal fan geometry is not being modeled, which would contribute to a higher flow
blockage inside the propulsor.
From Fig. 20a, we conclude that there is a considerable loss in lift producing capabilities, as demonstrated by the
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Fig. 20

0.2

(b) Thrust sensitivities

Over-wing configuration: On- and off- design pressure distributions at the centerline.

significant increase in local pressure across the suction side, as well as a reduced pressure on the lower side of the
wing. This contributes to a loss of about 40% in lift coefficient. Similar to the nominal condition, downstream at
approximately 45% chord, the upper surface has a higher pressure coefficient than the lower surface due to the presence
of the propulsor.
With regard to the thrust sensitivity study, through Fig. 19 and 20b an increase in shock strength with increasing
thrust is observed as well as a lower pressure on the suction side of the wing, more noticeable upstream of the propulsor,
and a higher pressure on the lower side of the wing. This contributes to an approximately 4 to 5% increase in 𝐶 𝐿 with a
10% increase in thrust, whereas no significant changes are observed in the drag coefficient. Analyzing the U-velocity
contours, as the thrust is decreased from the nominal condition, an increase in the size of the separation is verified for
the reasons expressed above. However, for the +10% case, despite the increase in favorable pressure gradient created by
the propulsor suction, the separation pocket increases in size and a decrease in mass flow rate is noted. Additionally,
the location of the recirculation region seems to originate just downstream of the shock, in contrast to the other cases
studied in which this phenomenon was triggered by the adverse pressure gradient at the inset. This seems to indicate
that the increased shock wave strength for the +10% case is partially responsible for an increase in the magnitude of the
flow separation.
Under-wing Configuration Results
For the under-wing configuration, the unpowered simulation reveals a significant increase in 𝐶 𝐿 of about 17% and a
decrease in 𝐶𝐷 of approximately 5% compared to the nominal condition as presented in Table 7. Analyzing the pressure
distributions in Fig. 22a, an increase in 𝐶 𝑃 is observed on the lower side of the wing and a reduction on the upper
side as a result of the absence of the suction on the lower side of the wing contributing to a downstream movement of
the upper wing side shock as well as an increase in its strength. A possible explanation for this behavior is the higher
flow blockage created by both the propulsor and the inset flow separation, effectively deflecting the flow. This creates
a higher pressure on the lower side of the wing and deflects the upper surface streamtube, resulting in a higher flow
acceleration which in turn leads to a higher shock strength. This might explain the decrease in 𝐶𝐷 despite the higher
amount of flow separation.
Similar to the over-wing case, the shock formation at the exit nozzle is absent and the nacelle shock also increases
in strength for similar reasons. For this condition, the nacelle still has a negative lift contribution, this time of 2.4%,
representing a reduction compared to the nominal condition.
The thrust sensitivity analysis for this configuration reveals an opposite trend compared to the over-wing configuration.
In this case, as thrust is increased, a reduction in 𝐶 𝐿 and an increase in 𝐶𝐷 are observed. This can be explained by a
lower pressure on the lower wing side, and a higher pressure on the suction side upstream of the shock, which also
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(a) Mach contours

Fig. 21

(b) U-velocity contours

Under-wing configuration: Center-plane performance at on- and off-design conditions.
Table 7

Under-wing configuration results.

Unpowered

−10% Thrust

Nominal

+10% Thrust

𝛼 [deg]

1.1692

1.1692

1.1692

1.1692

FPR

1.0

1.22

1.25

1.28

𝐶𝐿

0.586

0.506

0.501

0.497

𝐶𝐷 [counts]

148.704

154.235

157.151

160.558

𝑚¤ [kg/s]

25.87

32.77

33.46

34.13

indicates a slight upstream movement as visible in Fig. 22b. The shock strength has also decreased, which follows the
trend previously described.
In contrast with the over-wing alternative, the changes in the flow field for this configuration are more subtle, thus
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Under-wing configuration: On- and off-design pressure distributions at the centerline.

showing a lower sensitivity to the thrust setting. Finally, following the expected trend, the flow separation observed in
Fig. 21b is reduced and the mass flow rate through the propulsor, shown in Table 7, increases with higher levels of
applied thrust.
TE Configuration Results
The TE configuration flow-through results reveal that a substantial reduction in lift and drag, by about 19% and 21%
respectively, is verified when power is switched off. In particular, as shown in Fig. 23a, the shock wave at the hub
outlet is not present for the unpowered case due to the absence of flow acceleration caused by the actuator zone, which
contributes to the decrease in drag coefficient observed. Another contribution is the decreased strength of the suction
side shock. As an additional consequence of the suction loss, the adverse pressure gradient in the aft portion of the wing
in addition to the pressure increase caused by the propulsor geometry causes a flow separation visible in Fig. 23b.
Table 8

TE configuration results.

Unpowered

−10% Thrust

Nominal

+10% Thrust

𝛼 [deg]

0.8366

0.8366

0.8366

0.8366

𝐹𝑃𝑅

1.0

1.22

1.25

1.28

𝐶𝐿

0.407

0.498

0.501

0.503

𝐶𝐷 [counts]

101.257

126.093

128.906

131.701

𝑚¤ [kg/s]

23.79

31.90

32.65

33.37

Analyzing the pressure coefficient plot in Fig. 24a, a lower suction peak is noted and overall higher pressure on the
suction side is observed. Downstream of the shock, the pressure rises significantly and distances itself from the nominal
𝐶 𝑃 distribution, which seems to be caused by the presence of the propulsor. This adverse pressure gradient causes the
flow to separate, observed in the flatter 𝐶 𝑃 curve at approximately 85% chord. A reduced pressure is noted on the lower
side of the wing at its fore section, up to 20% of the wing chord. After this point, there is a pressure recovery similar to
the one observed under nominal conditions. In fact, past this point, both pressure signatures present similar values
up to approximately 80% chord, where the wing hub connection leads the flow into a higher pressure upstream of the
propulsor. Overall, the increase in 𝐶 𝑃 due to the integration of the engine is more pronounced for the unpowered case
seemingly due to the absence of the propulsor suction. This analysis also indicates that the suction side is the location
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(a) Mach contours

Fig. 23

(b) U-velocity contours

TE configuration: Center-plane performance at on- and off-design conditions.

most perturbed by the absence of power in this configuration.
The thrust sensitivity analysis shows that this configuration presents a low sensitivity to the ±10% changes in applied
thrust. This demonstrates a higher decoupling between aerodynamic and propulsive disciplines for this configuration.
Very slight changes are observed in terms of integrated loads: an approximately 0.5% increase in 𝐶 𝐿 is observed as
well as a 2% increase in 𝐶𝐷 . The latter can be explained by a stronger shock formation at the hub outlet as well as
a contribution of lift induced drag. Observing the pressure coefficient plot in Fig. 24b, the shock seems to move
downstream with increasing thrust at a similar strength. Despite that, minor changes are observed between the three
cases up to approximately 85% chord, with a slightly lower pressure on the suction side with increasing thrust while no
major changes are observed on the pressure side. Downstream of the mentioned location the presence of the propulsor
nacelle is more clearly noted, leading to an increase in pressure coefficient the more pronounced the lower the thrust
setting.
B.4. Integrated Propulsors: Discussion
Compared to the over- and under-wing configurations, the TE configuration appears to offer the best aerodynamic
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TE configuration: On- and off-design pressure distributions at the centerline.

performance. Moreover, by ingesting both upper and lower surface boundary layer flow, the TE configuration has the
potential to provide the greatest BLI benefit. However, the blockage introduced by the trailing edge creates a challenging
distortion profile which could reduce fan performance. Another important observation is that this concept tends to
uncouple aerodynamic and propulsion disciplines, disregarding potential benefits that could be leveraged with a more
synergistic approach.
In contrast, the over-wing concept seems to offer a more tightly coupled solution, where the aerodynamic performance
of the model presents a substantial dependence on the thrust setting and benefits from the upper suction effect provided
by the propulsor which increased lift. However, due to the shape of the airfoil, a greater inset was necessary to
accommodate the engine which caused significant penalties and substantial flow separation upstream of the propulsor.
This is one of the motivating factors for the optimization work currently underway, which aims to contribute to a
thickening of the boundary layer ingested by the engine while avoiding separation. Despite that, this configuration poses
considerable integration challenges as the presence of the propulsor hinders the performance of the wing suction side
and contributes to a strong shock wave formation.
The under-wing alternative addresses some of these concerns, in which the clean wing upper side could increase the
extent of NLF while at the same time presenting a lower integration penalty compared to the over-wing configuration.
Nevertheless, the existing aero-propulsive coupling might create a control challenge as an increase in thrust produces
an increase in lower surface suction, resulting in a reduction in lift. This concept also ingests the lowest amount of
boundary layer flow, providing the least BLI benefit [16].
Nevertheless, given the analysis presented above, it is important to highlight that these results are preliminary and a
proper redesign and optimization effort should be performed in order to more thoroughly compare the three proposed
configurations, work that is currently ongoing as the subsequent step of this research effort.

V. Conclusions
This paper presents various investigations involving high-fidelity aerodynamic analyses in support of the development
of the SUSAN Electrofan concept. Specifically, this work performed several trade space explorations for each of its
propulsion systems, i.e., its aft fuselage propulsor and its wing-mounted DEP system. Moving one step further from the
current conceptual design of the SUSAN Electrofan, this work employed CFD to help further develop the sizing of the
initial models, while also providing sensitivity data relevant to each design space. Aerodynamic shape optimization was
also used to improve propulsion and airframe integration.
In the first part of this paper, the aft fuselage engine design was considered with the objective to determine the
correct sizing of the core and bypass ducts. Two core sizes were simulated to gather sensitivity data and guide the next
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TCT iteration. Once a design iteration was obtained that could meet the performance requirements, the next objective
was to improve engine performance. For this purpose, aerodynamic shape optimization tools were applied to minimize
distortion intensity at the fan face, reducing the performance penalty characteristic of BLI configurations. A novel
fuselage cross-section was introduced by the optimizer, which eliminated flow separation and reduced the entrainment
between free-stream flow and low momentum flow observed at the bottom of the diffuser identified in the baseline
design. As a result, the flow distortion at the fan face was reduced from 10.1% to 7.9%. In collaboration with the
propulsion team, the obtained CFD solutions aided the detailed engine design, and will in later stages provide core
inflow/outflow conditions that will permit a more accurate modeling of the turbomachinery effects.
In the second part of the paper, a trade space exploration was performed for the DEP system of the SUSAN
Electrofan. The initial focus was on developing a feasible ducted fan model based on sizing requirements provided by
the conceptual design team. Propulsion and airframe integration was then addressed, where an infinite wing model was
used as a platform to enable a trade space exploration between three proposed DEP system configurations, namely, the
over-wing, under-wing, and TE configurations. Major aerodynamic trends and tradeoffs were investigated through CFD
simulations that included the effect of active propulsion via actuator zones. This included several unpowered and thrust
sensitivity studies, which provided insight into the performance robustness of each concept. The results suggest that the
TE configuration presents the best aerodynamic performance and the least integration penalties given the high level of
decoupling between the wing and the propulsor. A higher penalty was observed for both over-wing and under-wing
arrangements as the inclusion of an inset induces flow separation upstream of the propulsor. Nevertheless, the TE
configuration introduces several system level challenges related to structural design and high-lift devices integration.
While not included in this work, inlet and outlet profiles extracted from the CFD solutions are currently being used by
the propulsion team to quantify the potential BLI benefit of each configuration, while including inlet distortion penalties.
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