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The Application of CFD for the Duct System Design of CRW aircraft

Y. W. Jung, Y. M. Jun, S. S. Yang

The Canard rotor/wing (CRW) aircraft concepts offer great potential for application by allowing
the use of a common propulsion system for high-speed cruise and low-speed powered lift. Using
the rotor for lift in both flight modes increases its utility. In the hovering mode, the exhausted gas
from an gas turbine engine is accelerated through the duct system and it provides the tipjet power
for rotor system enough to lift the aircraft. In the cruise mode, the rotor is fixed and the exhausted
gas is extracted through the main nozzle, such that the aircraft is able to flight with high speed.

The duct system was designed using 1-D fanno line flow theory and empirical data. However,
the empirical data of the pressure loss coefficient for various bending and dividing ducts were not
enough to design our duct system adaptively. Therefore, using 3-D CFD analysis we obtained the
pressure loss coefficient for our duct models and chose the appropriate bending or diving duct type.
In this paper, we used the CFD-ACE+ software package for the CFD analysis and the modeling of
duct system. Through the 3-D CFD analysis, we investigated also the pressure loss and the velocity
distributions of the designed whole duct system as well as the blade duct. Comparing the 3-D CFD
result with 1-D analysis result, we lessened the uncertainty of the designed duct system and
speculated the problem that was not concermned in design state.

Key Words: CRW Y| 8 A (CRW aircraft), 32 A2 ¥ (Propulsion System), & %3 <4 (Duct
pressure loss)
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Fig. 1 Schematic diagram of propulsion duct
system.
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Fig. 3 Basic pressure loss coefficient and various bending duct.

Fig. 2 Designed propulsion duct system.
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Table 1 Pressure loss coefficient of three basic
models.
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Fig. 5 Total pressure contour in the
bending & dividing duct
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6 Schematic diagram of duct system
(a)model; (b) unstructure grid for
CFD analysis
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. 7 Comparison of 1-D analysis and 3-D

CFD result (a) Tipjet velocity; (b)
Pressure loss coefficient.
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Fig. 8 Contour of various parameter in the duct system: (a) temperature;
(b) total pressure loss; (¢) velocity; (d) density.



