
Accepted Manuscript

Mixing augmentation induced by a vortex generator located upstream of the transverse
gaseous jet in supersonic flows

Lang-quan Li, Wei Huang, Li Yan

PII: S1270-9638(17)30296-1
DOI: http://dx.doi.org/10.1016/j.ast.2017.05.016
Reference: AESCTE 4029

To appear in: Aerospace Science and Technology

Received date: 19 February 2017
Revised date: 28 April 2017
Accepted date: 2 May 2017

Please cite this article in press as: L.-q. Li et al., Mixing augmentation induced by a vortex generator located upstream of the transverse
gaseous jet in supersonic flows, Aerosp. Sci. Technol. (2017), http://dx.doi.org/10.1016/j.ast.2017.05.016

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is
published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.ast.2017.05.016


1 

 Mixing augmentation induced by a vortex generator located upstream 1 

of the transverse gaseous jet in supersonic flows 2 

Lang-quan Li, Wei Huang*, Li Yan 3 

Science and Technology on Scramjet Laboratory, National University of Defense Technology, Changsha, Hunan 4 

410073, People’s Republic of China 5 

 6 

Abstract: The mixing process plays a very important role in the engineering realization of the scramjet engine, and 7 

sufficient mixing between the incoming supersonic air and the fuel relates to improve the overall performance of the 8 

airbreathing hypersonic propulsion system. In the current study, the delta wing is placed in front of the injector to 9 

promote the mixing of fuel and supersonic crossflow, and the effects of the delta wing height and the jet-to-crossflow 10 

pressure ratio have been investigated numerically based on grid independency analysis and code validation. The 11 

obtained results predicted by the three-dimensional Reynolds-average Navier – Stokes (RANS) equations coupled with 12 

the two equation k- stress transport (SST) turbulence model show that the delta wing has a highly remarkable 13 

improvement on mixing characteristics such as mixing efficiency and fuel penetration depth. However, the delta wing 14 

also shows additional losses of stagnation pressure. In the case of higher values of delta wing height and jet-to-crossflow 15 

pressure ratio, higher penetration and more losses of stagnation pressure are shown. At the same time, the mixing 16 

efficiency decreases with the increase of the jet-to-crossflow pressure ratio irrespective of the height of the delta wing, 17 

and there is an optimum height of the delta wing for each jet-to-crossflow pressure ratio to achieve the maximization 18 

of rapid fuel-air mixing. In addition, the hydrogen content in the recirculation region between the orifice and the delta 19 

wing is a result of both the jet-to-crossflow pressure ratio and the height of the delta wing. In conclusion, the design of 20 
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