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ABSTRACT

Kinetic Schemes over the years have become very useful and have
been shown to be robust while computing inviscid flow for various
types of bodies and for various flow regimes from subsonic to
hypersonic flows. Further, algorithms based on meshless methods
have shown to be more appropriate flow solvers for complex
bodies. Re-entry vehicles enter the atmosphere at hypersonic
spceds. The flow fields at theses hypersonic Mach numbers are
chemically reacting, involving dissociation, recombination and
possibly ionization of air molecules. The assumption of air as
perfect gas at these Mach numbers is inaccurate and the real gas
cffects have to be taken into account to obtain realistic estimates of
flow parameters. The objective of the present work is to incorporate
real gas physics considering oxygen dissociation in the inviscid
flow computations in the shock region to estimate flow parameters.
The governing equations are modified assuming chemical
equilibrium model. :

INTRODUCTION

In Inviscid gas dynamics, Euler equations play a very important
role as it can model many compléx- rotational flows of practical
intercst. Due to this fact many researchers have been engaged in
solving complex flow problems over complex geometries using
Euler equations. A large number of algorithms have been
developed to solve inviscid compressible flows in order to increase
the robustness, accuracy and reliability. Kinetic: upwind methods
(KFVS, PVU, and KNM) have their origin in kinetic theory of
gases [1,2]. It is well known that the Euler equations are the
moments of the Boltzmann equation when the velocity distribution
function is Maxwellian. Varieties of flow problems over complex
bodies have been solved using kinctic schemes and these
algorithms are found to bé robust [3]. However, grid generation is
not only a non trivial issue for complex bodies but also plays very
important role in accuracy of computations necessitating
development of grid free algorithms: LSKUM (Least Square
Kinetic Upwind method) is one such category for obtaining
numerical solutions for Euler equations. In this paper an attempt
has been made to develop a grid free flow solver based on kinetic
scheme and further to incorporate the real gas physics in
computations. ‘Some preliminary investigations have been carried
out -considering 1D shock tube problem and thc rcsults are
presented. : . v : :

KINETIC SCHEMES

In kinetic schemes which are’ also known as Boltzmann schemes,
Euler: . equations - are -~ obtained- by - moment method strategy
Consider 1D Boltzmann cquatlon - e
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Where, f=f(x,t,v) is the velocity distribution function and. v;is the
molecular velocity. The collision term J (ft) on .the RHS: of
equation (1) vanishes when the velocity distribution' is Maxwellian
F in the Euler limit.[3,4]. Generally. to, get the correct y, the ratio of*
specific heats, we need additional degree of freedom,called I which
is a variable corresponding to internal degrees of freedom. Defining
a moment function as .
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and then takmg moments of . Boltzmann equatlon leads. to Euler
cquatlons gwen by . “ .
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LSKUM ALGORITHM

ThlS algonthm is basically a grid free method in thc scnse that it is
capable of operating on any arbitrary distribution of pomts We
describe bncﬂy here the methodology.

o

Fig 1. Least squares on arbitrary distribution of points in 1-D.

The basic idea behind LSKUM consists in’ obtaining a discrete
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approximation of derivative a— at a -given point say Py -by using.
-

least squares based on the surrounding neighbours. We have

F,=F +Axi[2——)f~-~-i =1,n . Where,
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Ax, =x,—x,;AF,=F,—F, and i is the index of the grid point.
We use the least square method which is based on minimizing the
cerror

2
L AF
“eZlI_-:Z{AF,.~Ax,.(zx—) } , we then get a more general
i=1 o

weighted least squares formula [ ] as follows.
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Where w; is the weight factor which can be appropriately chosen to
construct upwind schemes [4,5].

REAL GAS EFFECTS

The flow fields around the reentry vehicle at hypersonic Mach
numbers are chemically reacting, involving dissociation,
recombination and possibly ionization of air molecules. More
realistic estimations of flow parameters can be obtained by taking

" real gas effects into account. In the present preliminary studies we
have considered the dissociation of oxygen molecule in equilibrium
conditions with air as working fluid. It is planned to take into
account other reactions into account and also to extend the work to
the multidimensional cases. Consider the dissociation reaction
given by

0,+0, &) 20+0, (%)

The energy e can be written ase=h v s
where h =oh, +(1-a)h
oxygen respectively. We have assumed the harmonic oscillator
model for the vibrational energy while computing ¢, the specific
heat at constant volume. The equilibrium constant K is related to
the other parameters by the following relation using which a can be
determined.

o and o, are the atomic and molecular
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The equilibrium constants K’s are exponential functions of
temperature and are expressed as

K(T)=Explc, +¢,T, +¢,T, +¢,T, +¢,T, | )

Where T, =10000/T,T, =T, xT,,T, =T, xT,,T, =T, xT,
and
¢, =1.335,¢, =—4.127,¢, =-0.616,c, =0.093,c, =-0.005

RESULTS AND DISCUSSIONS

With these modifications the LSKUM code has been run for shock
tube problem with various pressure ratios like 25,50,100 and 150
which cover hypersonic flow regime as shown in figures 2 to 4. For
lower pressure ratios we find not much difference in the perfect gas
and equilibrium model cases. However, for higher Mach numbers

we find an appreciable difference in the temperature behind the .

shock wave as expected. The details of analysis and additional

results will be presented. Grid free method offers many advantages
over other methods while computing flow over complex bodies.
Extension of the present study to higher dimension cases is being
carried out.
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Fig.2 Pressure ratio of 1:50
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Fig. 3 Pressure ratio of 1:100
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Fig. 4. Pressure ratio of 1:150
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