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Exoskeletal Engine Concept: Feasibility Studies
for Medium and Small Thrust Engines

The exoskeletal engine concept is one in which the shafts and disks are eliminated and are replaced by rotating casings that support the blades in spanwise
compression. Omission of the shafts and disks leads to an open channel at the engine centerline. This has immense potential for reduced jet noise and for the
accommodation of an alternative form of thruster for use in a combined cycle. The use of ceramic composite materials has the potential for significantly
reduced weight as well as higher working temperatures without cooling air. The exoskeletal configuration is also a natural stepping-stone to complete
counter-rotating turbomachinery. Ultimately this will lead to reductions in weight, length, parts count and improved efficiency. The feasibility studies are in
three parts. Part 1–Systems and Component Requirements addressed the mechanical aspects of components from a functionality perspective. This effort laid
the groundwork for preliminary design studies. Although important, it is not felt to be particularly original, and has therefore not been included in the current
overview. Part 2–Preliminary Design Studies turned to some of the cycle and performance issues inherent in an exoskeletal configuration and some initial
attempts at preliminary design of turbomachinery were described. Twin-spoon and single-spool 25,800-lbf-thrust turbofans were used as reference vehicles
in a mid-size commercial subsonic category in addition to a single-spool 5,000-lbf-thrust turbofan that represented a general aviation application. The exosk-
eletal engine, with its open centerline, has tremendous potential for noise suppression and some preliminary analysis was done which began to quantify the
benefits. Part 3–Additional Preliminary Design Studies revisited the design of single-spool 25,800-lbf-thrust turbofan configurations, but in addition to the
original FPR = 1.6 and BPR = 5.1 reference engine, two additional configurations used FPR = 2.4 and BPR = 3.0 and FPR = 3.2 and BPR = 2.0 were inves-
tigated. The single-spool 5,000-lbf-thrust turbofan was refined and the small engine study was extended to include a 2,000-lbf-thrust turbojet. More attention
was paid to optimizing the turbomachinery. Turbine cooling flows were eliminated, in keeping with the use of uncooled CMC materials in exoskeletal
engines. The turbine performance parameters moved much closer to the nominal target values, demonstrating the great benefits to the cycle of uncooled
turbines.
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