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BWB Aircraft

Blended wing body (BWB) aircraft have distinct wing and body structures, but they are blended
together with no clear dividing line between them. They have been, and are being, studied by
numerous aerospace companies, including Airbus (as a replacement for the A320neo) and
Bombardier (as a next-generation business jet). The fuselage of a BWB aircraft can generate a
significant portion of the total lift, allowing for the use of smaller and lighter wings. This
configuration allows for much improved aerodynamics, mainly resulting from reduced drag on
the aircraft. Along with powerplant efficiency and other improvements, there is the potential to
reduce fuel burn, and thus carbon emissions, by 50% over current aircraft.
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Airbus BWB Maveric prototype [Wired, February 2020]

Bombardier BWB Ecolet [Business Jet Traveller, August 2022]

BWB Flight Test Vehicles

Flight test vehicles (FTV) are used when one can’t get data from ground-based analysis or
testing. As FTVs are subscale aircraft, there are various issues to be overcome, but a best
compromise is usually the goal. For example, the Boeing X-48B demonstrator was at an 8.5%
scale. The Bombardier Ecolet Phase 1 FTV was at a 7% scale (8-foot wingspan) and the Phase 2
FTV is at a 20% scale (18-foot wingspan). Various technical challenges and testing are
addressed, including understanding flight control complexity and developing flight control laws
for these novel configurations. For the Ecolet program, initial shaping and aerodynamics were
studied in Phase 1, while developing flight control laws and gathering more data by flying longer,
faster, and higher are the main goals of Phase 2. A future Phase 3 might focus on a yet larger-
scale FTV, with a greater focus on systems, structures, and internal configurations.
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Boeing X-48B BWB demonstrator
[Cosentino, SAE AeroTech Congress and Exhibition, 2009]

Bombardier Phase 1 and Phase 2 BWB flight test vehicles
[Aerospace Testing International, January 2024]

FTV Propulsion

Engine choice for FTVs are quite limited and are typically very small turbojet gas turbine engines
with a thrust in the range of 50-500 lbs (approximately 200-2000 N). These simple engines, with
a one-stage centrifugal compressor and a one-stage axial turbine, are inefficient with relatively
high fuel consumption and are very noisy. This results in limited flight endurance and thus
requires many test flights to collect the necessary data. So, for more efficient testing of current
and future FTVs, it would be useful to develop better very small gas turbine engines and
propulsion systems. These more efficient engines would also be of interest for other flying
applications like model aircraft, unmanned aerial vehicles, and remotely-piloted vehicles.
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JetCat P200 turbojet engine used on the Boeing X-48B BWB demonstrator and its location in the
nacelle [Cosentino, SAE AeroTech Congress and Exhibition, 2009]

Improved Efficiency FTV Propulsion

During the Boeing X-48 BWB demonstrator project, researchers at NASA and Boeing worked on
developing a more fuel-efficient very small gas turbine. Turbofan engines, where part of the
flow bypasses the core of the engine (compressor, combustor, turbine, and propelling nozzle)
were originally developed to increase the propulsive efficiency and reduce the emitted noise of
gas turbine engines. So, NASA and Boeing examined the possibility of modifying an available
turboshaft engine, the JetCat SPT5. Instead of being used to turn a propeller, the engine was
modified to turn a fan. The fuel consumption was much improved over the previously-used
P200 JetCat turbojet engine. Unfortunately, for this modified turbofan design, the fuel
consumption was higher, and the thrust lower, than the original turboshaft design turning a
propeller. However, the feasibility of developing a very small turbofan engine was successfully
demonstrated.
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improved fuel consumption of SPT5 turbofan vs. P200 turbojet —a 44% reduction at maximum thrust condition
[Cosentino, SAE AeroTech Congress and Exhibition, 2009]

Engine Inlet

CW from top left: JetCat SPT5 turboshaft engine [JetCat]; re-design of SPT5 as a turbofan; nearly fully assembled SPT5 turbofan;

CUB-GT Plans for 2024/25 and Beyond

For the 2024/25 academic year, and beyond, the Carleton University Blended Wing Body Gas
Turbine Engine (CUB-GT) fourth year project team will design an efficient very small gas turbine
engine. The target aircraft for the engine will be a newly-proposed BWB FTV. A yearly plan and
list of tasks is provided below. In general, this project will appeal to students interested in gas
turbine engines and propulsion technology, with specific interests in:

* thermodynamic cycle calculations
* turbomachinery aerodynamics
 mechanical design and structural analysis

The team will be led by:

Professor Henry Saari, Project Manager and Lead Engineer (henry.saari@carleton.ca)
Professor Hamza abo el Ella, Lead Engineer (hamza.ella@carleton.ca)

Year 1

Study the proposed BWB FTV thrust specifications and flight envelope
Create a baseline by determining and reverse engineering a turbojet option
Propose an improved option, or options, with better efficiency

* Optimized turbojet

* Turbofan

 Other — hydrogen, electric, hybrid-electric, etc.
Perform a preliminary design and scope out work for Year 2 and Year 3

* Thermodynamic design point studies

 Aerodynamics of compressor, turbine, intake, exhaust, etc.

 Mechanical design: stressing of disks, blades, casings, etc.

Year 2

* Perform detailed design of chosen engine
* Thermodynamic design point studies
 Aerodynamics of compressor, turbine, intake, exhaust, etc.
 Mechanical design: stressing of disks, blades, casings, etc.
e Study potential of boundary layer ingestion (BLI) to further reduce fuel consumption
* BLI can reduce the total drag on an aircraft by the engines ingesting part of
the boundary layer on the fuselage and accelerating that air through the
engine
* Plan for demonstration and testing in Year 3

Year 3

* Design and develop demonstration article
* Design test program
* Implement test program to validate the improved design
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Image credits: Double Bubble Concept: Don Foley.
Boundary Layer Ingestion lllustration: NASA / Lillian Gipson.

BLI mechanism and advantages [NASA]



