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Original Article

Micro-Turbojet to Turbofan
Conversion Via Continuously
Variable Transmission:
Thermodynamic
Performance Study

In this study, the viability, performance, and characteristics of a turbojet-to-turbofan con-
version through the use of a continuously variable transmission (CVT) are investigated
By an in-house thermodynamic simulation code, the performance of the simple cycle nur-
bajet, a direct shaft joined turbofan, and a CVT coupled turbofan with variable bypass is
contrasted. The baseline rurbojer and rurbofan findings are validared against a commer-
cial software. The comparison indicates high quantitative agreement. Analyzing the
results of the trbofan engine equipped with a variable bypass and CVT, it is observed
thar borh the thrust and the efficiency are increased. The augmented thrust is observed o
be an artifact of enhanced component matching and wider operational range infroduced
by variable bypass capability. On the other hand, the introduction of CVT contributes to
the reduction in fuel consumprion. Therefore, the current research suggesis thar adapra-
tion of a micro-turbojet into a variable cycle micro-turbofan will greatly improve the per-
formance and efficiency of existing engines, in addition to providing a pathway toward
extended use in various applications. [DOI: 10.1115/1.4034262]
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Mission Analysis and
Operational Optimization of
Adaptive Cycle Microturbofan
Engine in Surveillance and
Firefighting Scenarios

The current work focuses on mission-based evaluation of a novel engine architeciure
arising from the conversion of a microturbojer to a microturbofan via inroduction of a
variable speed fan and bypass nozzle. The solution significantly improves maximum
thrust by 260%, reduces fuel consumption by as much as 60% through maintaining the
core independently running at its optimum, and enables a wider operational range, ali
the meanwhile preserving a simple single spool configuration. Particularly, the introduc-
tion of a variable-speed fan enables real-time optimization for both high-speed cruise
and low-speed loitering. In order 1o characterize the performance of the adaptive cycle
engine with increased number of conrrols (engine speed, gear ratio, bypass opening), a
component map-based thermodynamic study is used to contrast it against other similar
propulsion systems with incrementally reduced input variables. In the following, a short-
est path-based optimization is conducied over the locally minimum fiel consumption
operating points, based on a set of gradient driven connectivity constraints for changes
in gear ratio and bypass nozzle area. The resultant state transition graphs provide global
optimum for fuel consumption at a thrust range in a given altitude and Mach flight enve-
lope. Then, the engine model is coupled to a flight mechanics solver supplied with a con-
ceprual design for a represemtative multipurpose unmanned aerial vehicle (UAV).
Finally, the associated mission benefits are demonsirated in surveillance and firefighting
scenarios. [DOI: 10.1115/1.4040734]
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Figure |. Schematic representation of the concept: (I) LPC
(fan), (2) CVT, (3) gas generator without additional turbine, and
(4) variable bypass nozzle.
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Figure 2. Schematic comparison of the proposed and con-
ventional LP compressors for similar bypass ratio.
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