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Aerodynamic Layout Designs Using of Microflaps for Flow Control of
a Supersonic Finned Projectile

. 1 2 . . 1 1
LI Xiaopeng , KANG Shun®, WANG Tianming , ZHAO Yangzheng
1.No0.203 Research Institute of China Ordnance Industries, Xi'an 710065, China;
2.Xi'an Technological University, Xi’an 710021, China

Abstract; In this paper, the flow control system consists of some small microflaps located between the rear fins of
the projectile. These microflaps can alter the flow field in the finned region of the projectile resulting in asymmetric
pressure distribution and thus producing control forces and moments, furthermore to provide directional control for a
supersonic projectile. Due to the small size and high speed characteristics of projectile, which is with fast and valid
response characteristics, this flow control system has initially shown excellent potential in terms of supersonic flow
control. The CFD simulation used here solves steady-state Reynolds-averaged Navier-Stokes equation with two-equa-
tion turbulence model k-e. Firstly, we investigate the flow mechanism around microflap in supersonic flow, the flow
fields around the microflap are complex, involving three-dimensional shock-shock, shock-boundary layer
interactions. Secondly, for the microflap and the fin of Basic Finner configuration, the influence of microflap geo-
metric parameters, microflap locations on aerodynamics is obtained and the interference mechanism is explored. Fi-
nally, several typical roll and pitch control layouts are described. According to the simulation results and their anal-
ysis, some preliminary conclusions can be drawn: by analyzing the flow interference mechanism between microflap
and the fin, we find that the separated shocks ahead of the microflap, the bow shocks around microflap, and the
trailing-edge wake, have influences on fin’s surface pressure; among these factors, the bow shocks are stronger than
separated shocks, furthermore it can generate larger high pressure region. Then we find out the aerodynamic charac-
teristics of several typical control layouts at a supersonic speed, Ma=2.5, furthermore, hence nearly 4.8% drag is
increase compared with the condition without microflap. As the number of microflaps increasing, the control aerody-
namic forces and moments increases almost linearly. With a proper layout of the microflap’s location, quick change
in the surface pressure distribution can be achieved for rear fins of the projectile, the microflap should be mounted
that can increase the high pressure zone, meanwhile, reduce the low pressure zone on the surface of fins, thus mod-

ulating the projectile’s attitude can be realized.

Keywords: microflaps; supersonic flow; flow control mechanism; aerodynamic layouts design; computational fluid

dynamics; aerodynamic configurations; Mach number; mesh generation; flow fields; aerodynamic drag

© 2019 Journal of Northwestern Polytechnical University.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) , which

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.





