
Accepted Manuscript

Nonlinear process in the mode transition in typical strut-based and cavity-strut based
scramjet combustors

Li Yan, Lei Liao, Wei Huang, Lang-quan Li

PII: S0094-5765(18)30052-3

DOI: 10.1016/j.actaastro.2018.01.061

Reference: AA 6691

To appear in: Acta Astronautica

Received Date: 9 January 2018

Revised Date: 22 January 2018

Accepted Date: 30 January 2018

Please cite this article as: L. Yan, L. Liao, W. Huang, L.-q. Li, Nonlinear process in the mode transition in
typical strut-based and cavity-strut based scramjet combustors, Acta Astronautica (2018), doi: 10.1016/
j.actaastro.2018.01.061.

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.

https://doi.org/10.1016/j.actaastro.2018.01.061


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 
 

Nonlinear process in the mode transition in typical strut-based and 

cavity-strut based scramjet combustors 

Li Yan, Lei Liao, Wei Huang*, Lang-quan Li 

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

Hunan 410073, People’s Republic of China 

Abstract: The analysis of nonlinear characteristics and control of mode transition process is the crucial issue 

to enhance the stability and reliability of the dual-mode scramjet engine. In the current study, the mode 

transition processes in both strut-based combustor and cavity-strut based combustor are numerically studied, 

and the influence of the cavity on the transition process is analyzed in detail. The simulations are conducted 

by means of the Reynolds averaged Navier-Stokes (RANS) equations coupled with the renormalization group 

(RNG) k-ε turbulence model and the single-step chemical reaction mechanism, and this numerical approach is 

proved to be valid by comparing the predicted results with the available experimental shadowgraphs in the 

open literature. During the mode transition process, an obvious nonlinear property is observed, namely the 

unevenly variations of pressure along the combustor. The hysteresis phenomenon is more obvious upstream 

of the flow field. For the cavity-strut configuration, the whole flow field is more inclined to the supersonic 

state during the transition process, and it is uneasy to convert to the ramjet mode. In the scram-to-ram 

transition process, the process would be more stable, and the hysteresis effect would be reduced in the 

ram-to-scram transition process. 
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