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Abstract : An analytical investigation is performed to study the unsteady response of a one-dimensional, non-linear dynamic
shock system to external downstream pressure perturbations in a supersonic flow in a varying area duct. For a given pressure
ratio across a wind tunnel, the normal shock&#39;s location can be computed as per one-dimensional steady gas dynamics.
Similarly, for some other pressure ratio, the location of the normal shock will change accordingly, again computed using one-
dimensional gas dynamics. This investigation focuses on the small-time interval between the first steady shock location and the
new steady shock location (corresponding to different pressure ratios). In essence, this study aims to shed light on the motion
of the shock from one steady location to another steady location. Further, this study aims to create the foundation of the
Unsteady Gas Dynamics field enabling further insight in future research work. According to the new pressure ratio, a pressure
pulse, generated at the exit of the tunnel which travels and perturbs the shock from its original position, setting it into motion.
During such activity, other numerous physical phenomena also happen at the same time. However, three broad phenomena
have been focused on, in this study - Traversal of a Wave, Fluid Element Interactions and Wave Interactions. The above
mentioned three phenomena create, alter and kill numerous waves for different conditions. The waves which are created by the
above-mentioned phenomena eventually interact with the shock and set it into motion. Numerous such interactions with the
shock will slowly make it settle into its final position owing to the new pressure ratio across the duct, as estimated by one-
dimensional gas dynamics. This analysis will be extremely helpful in the prediction of inlet &#39;unstart&#39; of the flow in a
supersonic engine intake and its prominence with the incoming flow Mach number, incoming flow pressure and the external
perturbation pressure is also studied to help design more efficient supersonic intakes for engines like ramjets and scramjets.
Keywords : analytical investigation, compression and expansion waves, fluid element interactions, shock trajectory, supersonic
flow, unsteady gas dynamics, varying area duct, wave interactions
Conference Title : ICAAAFM 2017 : International Conference on Aircraft Aerodynamics, Aerodynamics and Fluid Mechanics
Conference Location : Tokyo, Japan
Conference Dates : May 28-29, 2017

World Academy of Science, Engineering and Technology
International Journal of Aerospace and Mechanical Engineering

Vol:11, No:05, 2017

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 A
er

os
pa

ce
 a

nd
 M

ec
ha

ni
ca

l E
ng

in
ee

rin
g 

Vo
l:1

1,
 N

o:
05

, 2
01

7 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/a
bs

tr
ac

ts
/6

64
46

.p
df

ISNI:0000000091950263International Scholarly and Scientific Research & Innovation 11(05) 2017 1

https://publications.waset.org/abstracts/66446.pdf

