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Abstract : Visco-elastic materials combine the stress response properties of both solids and fluids and have found use in a
variety of damping applications – both vibrational and acoustic. Defense and automotive applications, in particular, are subject
to high impact and shock loading – for example: aircraft landing gear, firearms, and shock absorbers. Field responsive fluids – a
class of smart materials – are the preferred choice of energy absorbents because of their controllability. These fluids’ stress
response can be controlled by the application of a magnetic or electric field, in a closed loop. Their rheological properties –
elasticity, plasticity, and viscosity – can be varied all the way from that of a liquid such as water to a hard solid. This work
presents a simplified model to study the impulse response behavior of such fluids for use in recoil damping systems. The well-
known Burger’s equation, in conjunction with various visco-elastic constitutive models, is used to represent fluid behavior. The
Kelvin-Voigt, Upper Convected Maxwell (UCM), and Oldroyd-B constitutive models are implemented in this study. Using these
models in a one-dimensional framework eliminates additional complexities due to geometry, pressure, body forces, and other
source terms. Using a finite difference formulation to numerically solve the governing equation(s), the response to an initial
impulse is studied. The disturbance is confined within the problem domain with no-inflow, no-outflow boundary conditions, and
its decay characteristics studied. Visco-elastic fluids typically involve a time-dependent stress relaxation which gives rise to
interesting behavior when subjected to an impulsive load. For particular values of viscous damping and elastic modulus, the
fluid settles into a stable oscillatory state, absorbing and releasing energy without much decay. The simplified formulation
enables a comprehensive study of different modes of system response, by varying relevant parameters. Using the insights
gained from this study, extension to a more detailed multi-dimensional model is considered.
Keywords : Burgers Equation, Impulse Response, Recoil Damping Systems, Visco-elastic Fluids
Conference Title : ICAFM 2017 : International Conference on Advances in Fluid Mechanics
Conference Location : Tokyo, Japan
Conference Dates : March 27-28, 2017

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

Vol:11, No:03, 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:
03

, 2
01

7 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/a
bs

tr
ac

ts
/6

83
15

.p
df

ISNI:0000000091950263International Scholarly and Scientific Research & Innovation 11(03) 2017 1

https://publications.waset.org/abstracts/68315.pdf

