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Lecture - 22
A Finite Volume Method to solve Three-dimensional NS Equations in Complex
Geometry

Good morning everybody, today we will start a new topic on Finite Volume Method to

solve Three-dimensional Navier Stocks Equations in Complex Geometry.
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About the Algorithm

» Assumptions » Basic Features
* Incompressible * Applicable to three- dimensional
« Unsteady problems

* Non-orthogonal Hexahedral grids

* Laminar d
are use

* Constant Properties )
+ Collocated Grid Arrangement

V. Eswaran and S. Prakash, A Finite Volume Method for Navier-Stokes
Equations, Proceedings of the Third Asian CFD Conference, Bangalore,
1 Vol. 1, pp. 127-133, 1998

Here the assumptions are the following flow is incompressible, it is unsteady flow,
laminar. Of course, laminar assumption per say it has been mentioned, but even if the flow
is turbulent, we can use the same algorithm through appropriate turbulent flow models; to
appreciate turbulence models and there are ways to handle the issues of turbulence, but

same algorithm can be enhanced.

But, right now maybe you know for the purpose of it we can say that flow is laminar and
constant properties all the properties are constant. Basic features this is applicable to three-
dimensional problems. And the grid is such that elements are all non-orthogonal
hexahedral, basically in order to mesh a geometry the body fitted coordinate is used and

the grid meshes are such that it fits in the geometry appropriately.



While doing so the individual elements those are hexahedral with different sizes and
different orientations and here, we will use collocated grid arrangement. That means, all
the dependent variables u v w p and temperature (T) will be defined at the same location
at the center of the cell.

A basic version of this algorithm was presented by professor Eswaran and Doctor Satya
Prakash in a conference at Bangalore and this version was developed by professor Eswaran
and Doctor Satya Prakash completely indigenously in 1998. Later on, some work was done
and work is still going on for further improvement. | will mention about those aspects at
the end of the lecture.
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Governing Equations

Continuity Equation:
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* the unit vector in the direction of the velocity component u;

Now, governing equations are obviously first equation comes Continuity equation, that is
divergence of velocity vector in a flow field is zero and in a in an element of course, it is
zero and we have the written volume integral of divergence of velocity vector over the

control volume of interest equal to zero.

Then we have converted that volume integral into surface integral. Now, general transport

equation this equation 2 (Refer Slide Time: 03:47) is basically Navier Stokes equations in



three-dimensions and it can be representative equation for the scalar transport. That means,

for temperature or for energy transport as well.

And we have written the generalized form as you can see this is basically %fAV ppdV +

[, (V. (pugp) — TyV.Ve).dV = S.

Basically, this will produce something like V2¢ type of terms, together with diffusion
coefficient it is basically the diffusion either momentum diffusion or energy diffusion and

it is integrated over the volume of interest and this is the source term.

So, this is the generalized way of writing this, here we combined the convection and
diffusion part so together and evaluate this volume integral through the surface integral

basically the confining surfaces. And we apply the mass lumping here. So, basically this

%fm/ pddV is basically mass and into ¢, it is % of that quantity.

And this source term as you can see in the Navier Stocks equations x y and z direction or
you know 3 perpendicular directions it is Vp dot n dV. So, pressure gradient forms the
source term similarly we will have to write corresponding source term in the energy
equation when we reuse this equation as the energy equation. So, n; is the unit vector in

the direction of the velocity component ;.
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Cell Centroid -> Capital Letters
Face Centroid -> Small Letters

The control volumes are defined by
the coordinates of their vertices,
which are connected by straight
lines. The coordinates of control
volumes are calculated by the Grid
Generation technique. A Collocated
Grid arrangement is employed. The
dependent variables (u, v, w and p)
are defined at the same location, the
centroid of the control volume shown

in the Figure. The centers of the six
neighboring control volumes are
indicated by E, W, N, S, T and B ( for
the east, west, north, south, top and
bottom neighbors). The face center Xy \
points, e, w, n, s, tand b are located at | B
the corresponding face centroids of =>4




Now, the control volumes I have already mentioned are defined by the coordinates of their
vertices, you can see 1, 2, 3, 4 then 5, 6, 7, 8 coordinate of their vertices which are
connected by straight lines. So, asyou cansee 12,2 3,34,4 1similarly56,67,78,85
these are connected through straight lines.

The coordinates of control volumes are calculated by the grid generation technique a
collocated grid arrangement is employed. The dependent variables u,v,w and p are
defined at the same location the centroid of the control volume shown in the figure. The
centers of the six neighboring control volumes, so center of this control volume is p and

centers of the neighboring control volumes.

If you imagine another control volume on the eastern face center of that control volume is
e upper case E. Similarly, if there is another control volume just on the western side of it
center of that control volume is given by upper case W. Similarly upper-case N, upper case
S, upper case T and upper-case B, so for the east, west, north, south, top and bottom
neighbors neighboring control volumes.

The face center points here we can see that face center point of eastern face is given by
lower case e and the western face also it is given by lower case w, similarly lower-case n,
lower case s, lower case t and lower-case b are located at the corresponding face centroids
of the control volume of b.

The edge centers like if we if you consider this as one edge or this side as one edge, so
they are also the center of the edges are called as ah. For example, here it is te and this

center is given by be, similarly this center of the edge is given by ne.
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Hexahedral ce" Cell Centroic.i -> Capital Letters

Face Centroid -> Small Letters
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And so when we go for i, j, k indices then this is the cell of interest we are calling P cell,
so the indices are i,j,k . So, i,j, k cell is basically the P cell. Similarly eastern neighbor
cell, cell which will located at the eastern neighbor it will be identified as i + 1, j, k,
western neighbor that cell is identified as i — 1, j, k, Southern neighbor will be identified
as i,j + 1,k; j is basically as you can see j is in this direction and this is increasing j

direction.

So, i,j + 1,k; Northern neighbor i,j —1,k;, Top neighbor is i,j,k + 1 and Bottom
neighbor is i, j, k — 1 and East West direction variation is the variation in i. As you can
see that eastern side i is increasing i + 1 i + 2 and western side i is decreasing you

knowi — 1 i — 2 etcetera.
Similarly, j is in North South direction, so j is increasing in southern direction j + 1

j + 2 etceteraj will decrease in northern direction j — 1 j — 2 etcetera and k is in
top and bottom direction. So, basically k + 1k + 2 is in the you know top direction

and the bottom directionitwillbe k — 1 k — 2 etcetera.
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General computational cell in physical space. Suggested Partitioning of a general hexahedron

A general hexahedron, defined by eight arbitrary corner points, partitioned into five tetrahedra
(see Figure). The volume of a tetrahedron is given by one-sixth of the triple product of the
three vectors emanating from one of the vertices and ordered according to the right-hand
directions. For example,

6Vigzg =Tyy * (13 X75y) Nj=n—1

+‘ W. Kordulla and M. Vinokur, “Efficient Computation of Volume in Flow

Predictions”, AIAA Journal, 917, Vol 21, No. 6, 1983.
-

So, that is basically the grid topology. Now, we will discuss how to calculate the volume
of hexahedral and the volume of tetrahedrons, this is a very important aspect and this topic
was discussed in detail in a very well known well referred paper of Kordulla and Vinokur
which was published in AIAA Journal in 1983.

Now, let us consider a general hexahedron defined by 8 arbitrary corner points like you
know 1, 2, 3,4, 5, 6, 7, 8. Now, this hexahedron can be divided into five tetrahedrons right,
five tetrahedral and we can calculate volume of each tetrahedron. Like you know here we
can divide it in such a way that we can get the following tetrahedral 1 is given by 1, 4, 3,

8, another is given by 1, 6, 5, 8 another is given by 3, 6, 7, 8.

It is clear one is given by 1, 4, 3, 8 another is given by 1, 6, 5, 8 another is given by 3, 6,
7, 8. So, these 3 plus 2 more those 2 more are 1, 6, 3, 8; 1, 6, 3, 8 is one; another is 1, 6, 3,
2 so these are the five hexahedrons. And we know how to calculate volume of such
hexahedrons like you know that is written here also, it is given by one-sixth of the triple
product of the three vectors emanating from one of the vertices and ordered according to

the right-hand directions.

For example, how to calculate volume of tetrahedron given by 1, 4, 3, 8?2 And it is then
according to what we have written it is triple product that means and triple product of the

vectors emanating from one of the vertices. So, from 1 the basically the vectors are then



we cansay 4 1,3 1and 8 1. So, triple product of r,; 13, and rg; divided by 6 is the volume
of the tetrahedron 1438.

So, it is given by one sixth of the triple product of the three vectors emanating from one of
the vertices and the vectors are defined as r;; = r; — ;. So, we can write then 6 times

volume of 1438 equal to r,; multiplied by r3; into rg,. So, this way if we can calculate
individually the volumes of 5 tetrahedral, then we will get the total volume of the
hexahedron.
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The surface vector S5 for the

surface with the corners 5678 in Figure is
Independent of the choice of the partitioning
Surface-diagonal needed to uniquely define the
volume. Thus, expressions can be written as, s

Ss678 = 0.5(r75 X Tgg)
= 0.5[(rgs X 155) + (%7 X 137)] 4
= 0.5[(rs6 X 175) + (179 X 159)] ) b
= 0.25((rg5 + 176) X (g +155)]
Two independent ways of partitioning cell surfaces

6Vol =13+ [(ray X 1yy) + (ryy X 1g0) + (g X 13y) + (rgy X 13y)
+(r5y X 13) + (51 X 15)]
=15y - [(ry X 13) + (g X 15) + (g X 135)]
=213y (Sugs + Sio34 + Sis2)

Now, following these two more short discussions, but as | said this Kordulla’s paper is
very important paper and many of you may be interested in that | have given the reference
please try to have a look at the paper and read the paper if possible. The surface vector
Sz675, Whether you calculate here Ss¢,5 Or Sgg75? In figure is independent of the choice of
the partitioning surface diagonal. See once we have partitioned it this way the 6 8 is the
surface diagonal at another instant, we have partitioned it this way 5 7 is considered as the

surface diagonal.

So, basically independent of the choice of the partitioning surface diagonal needed to
uniquely define the volume, thus expressions can be written as so Ss¢,5 We have given the

expressions like you know 0.5 into 5 into r4g and there are all these options are possible.



And these are independent of dividing the surface by the diagonal whether this diagonal
or this diagonal we can get these expressions and they mean basically is 5678. So finally,
what is very important for us that for some such you know arbitrary hexahedral, how to
calculate it is volume and we have written that you can bring 6 to right hand side that then
volume will be r,,/3; 71 means this diagonal which connects point 1 and 7 - into surface

area 1, 4, 8, 5 this surface 1, 4, 8, 5 plus surface area 1, 2, 3, 4.

That means, this surface base with respect to this particular hexahedral and plus 1, 5, 6, 2
that means this surface. So, basically this diagonal emanating from 1 and three surfaces
that are also emanating from or connected with 1. So, one surface is 1, 4, 8, 5 another

surface is 1, 2, 3, 4 and another surface is 1, 5, 6, 2.
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Surface areas and Volume
r,=r-r (3)

Eastface: S, =

(r74 X rgg) (4)

B |

West face: S, = =(ry X rsz) (5)
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+ W. Kordulla and M. Vinokur, “Efficient Computation of Volume in Flow
Predictions”, AIAA Journal, 917, Vol 21, No. 6, 1983.

So, having known this if we come back to our hexahedral that we have already defined we
can calculate different surface areas like you know eastern surface, western surface,

northern surface, southern surface, top surface and bottom surface.

So, these expressions have been given | have been given this surface area of eastern face

is given by %(r74 X 1g3). Similarly surface area of western surface is given by
%(r16 X 13,). Northern face this is the northern face given by %(r27 X Tg3). Southern face

is given by half surface area is given by %(r18 X T45).



Similarly, Top surface St is given by %(r75 X 1¢g) and the Bottom surface is given by

%(r13 X 1,4) and then just following our previous slide the volume occupied by this

particular arbitrary control volume is one third of r,; exactly what we did in the earlier
slide r,; multiplied by surface area of the southern surface. That means, 1, 4, 8, 5 plus
surface area of the bottom surface that means 1, 2, 3, 4 plus surface area of the western
surface that means 1, 2, 6, 5. So, this is how we will calculate the geometrical parameters,
we will see these are extremely important and we will need this at every step of our

calculation.
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General Transport Equation

For an incompressible flow of Newtonian fluids, the equation takes the form
1

o+ [Joo=3tvo 57 [ssar

and the source term for the momentum equation becomes,

1
-—|pl-dS
P g
Where [ is the unit tensor and p is the pressure.
Table: The variables of general transport equation
Equation ¢ [y S¢
Continuity 1 0 0
Momentum u,v,w I o o o
"a ax’' 3y’ 0z
Energy T k 0
+ b

Now for an incompressible flow of Newtonian fluid already we have written this, the

general form of governing equation we can write %fv ddV + [ [u¢> — %"’qu] .dS§ =

%fv S4dV . So, uppercase u, U ¢ minus Iy this is the coefficient of transport, momentum

transport or thermal transport. In the case of Navier Stokes equations, it (I') is coefficient
of viscosity by rho into grad phi dot dS surface vector equal to 1 by p this is the source
term integrated over the volume S. And the source term for when we are considering this

as momentum equation then source term will be the pressure term.

So, this is 1 by p surface integral of p into I, I is unit tensor it will be givenby 100010
001 dot dS. Now, the variables so this is we are calling this as general transport equation,

because the same equation can be used for continuity momentum and basically energy.



When we consider continuity equation then basically ¢ will be 1 and this term and these

two terms will be 0, in order to make them 0 that you know Ty, phiis 0, Sy is 0.

When it is momentum equation this ¢ will be u, v and w and T, will be u coefficient of

. . . d . d . 0
viscosity and S,, will be =% x momentum equation, £ for y momentum equation and =2 for

z momentum equation. And for the energy equation ¢ will be T and basically this Iy will

be k/C, because p is already there ok, this term has to be k/C,.

(Refer Slide Time: 29:04)

Equation (2) represents continuity equation for the case of ¢p = 1. The left hand side
of the resulting equation corresponding to ¢ = 1, may be discretized as

jpwdS: Z p(u-S),=Zpu,'S, (11)

j=ewnsth

Where §; is the surface vector representing the area of the j*hcell face and u; is the
velocity vector defined at the face center j.

The discretized form of the continuity equation in terms of the fluxes through
surrounding faces of the considered control volume becomes,

ZE:F,+F\.+F,.+F\+F.+F',:0 (12)
J

Where F; is the outward mass flux through face j , defined by

E =pu;-S; (13)

Now, again let us you know refer to the general equation 2 and try to get the expression
for Continuity Equation. So, in order to get the expression for continuity equation we have
to substitute ¢ equal to 1 and we have also seen that source Sy will be 0 and the coefficient

of diffusivity that means I’y will be also 0.

So, only the first term well be there which will contribute as surface integral of pu. S;and
that means in this case it is basically summation of pu.S; surface; whereas, j means

eastern, western, northern, southern top and bottom surfaces. So, itis ¥ ; pu;.s; .

Now, §; is the surface vector representing the area of the ith cell face and u; is the velocity

vector defined at the cell center of jor j surface. The discretized form of continuity
equation in terms of the fluxes through surrounding surfaces of the control volume, then

will be summation of F;, which means F, + F, + F, + F; + F; + F,.



And this summation obviously there will be no mass accumulation or no mass deficiency

will be 0. So, where F; is the outward mass flux through face j, defined by F; equal to u;. S;
and this u is vector. So, all the components of the velocity and S; is the surface vector,

vector representing all the surfaces each one of the surfaces.

(Refer Slide Time: 32:00)

E = pu;-S; (13)

The surface vector has components in more than one Cartesian direction.
All the velocity components contribute to the mass flux. Each Cartesian
Velocity component is multiplied by the corresponding Surface Vector
Component (projection of the cell face onto a Cartesian coordinate plane)

{13
u
So, we can write F; = pu;.S; and we can further explain it that the surface vector has

components in more than one Cartesian direction, all the velocity components contribute
to the mass flux. So, each Cartesian velocity component is multiplied by the corresponding

surface vector component.

So, each surface vector will have components in three Cartesian directions and we have
three Cartesian velocity components. So, that is why each Cartesian velocity component
is multiplied by the corresponding surface vector component projection of the cell face

onto Cartesian coordinate planes and then we evaluate this. This way we evaluate F; =
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The surface integral over convection flux of variable ¢ can be approximated in the

following form
quwldS:Zuq),[u-Sb,:ZF‘w‘ (14)

Where F; is the mass flux through face j and ¢; is the value of ¢ at the center of
face j.

Thus,
Jﬂw -dS = Fo, + Fydy + Ry + Es + Fede + Fy (15)
)

Here ¢, is the interpolated value of the variable ¢ at the center of the east face.
This interpolated value can be evaluated by using a central difference linear
interpolation between the neighbouring cell center values ¢, and ¢,..For example,
at the east face the value ¢,, defined at the center of east face is interpolated

arly as

7 7

e L, ) 16)
¢ 1',+v,.‘b’+v,+v,,¢’ (

u
Now, we go to the convective fluxes now surface integral over convection flux of variable
¢ can be approximated in the form that this is also through all the confining surfaces. So,

integral over the surfaces pu¢.dS ( fs pug.dS). So that means summation over

j,p¢;(u.S);, which again if we plug in our F definition we will get }.; Fi¢;.

Where F; is the mass flux through face j and ¢; is the value of ¢ at the center of the cell,

this ¢ can be any quantity that can be convected. So, it can be 3 velocity components

u, v, w it can be temperature. So, this is how we define}. F;¢;. So, (fs pug.dS). we can

write this now then F, ¢, + E, ¢, + F, ¢, + E¢s + Fr e + F ¢y, all are summations.

Here for example, ¢, is the interpolated value, see e is the midpoint of the eastern small e
is the midpoint of the eastern cell face. So, ¢, is the interpolated value of the variable phi
at the center of the face. This interpolated value can be evaluated very simply by taking a
central difference, which is basically linear interpolation between the neighboring cell

center values.

That means, the cell of interest we have already defined is P and at the center ¢ is ¢ and
eastern neighbor at the center ¢ is defined as ¢ 5. For example, at the east face that means
¢. defined as the center of east face and this will be interpolated using the values of the ¢

defined at the cell P and ¢ defined at the cell E eastern neighbor.



So ¢, this is linear interpolation but central reference we can see so Vy volume of eastern
neighbor divided by volume of eastern cell plus volume of the cell of interest P into ¢p
plus volume of P cell of interest divided by total volume. That means, volume of E and
volume of P into ¢ whether ¢ is defined at the center of volume E and ¢ is defined at
the center of volume P. So, this way we can do the basically taking either side of the cell

face and do the linear interpolation following a central difference philosophy.

(Refer Slide Time: 37:52)
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+ Where Vi and V, are volumes of cells enclosing the points E and P respectively and
¢ and ¢ are the values of dependent variable ¢ at these points.

* Since all the dependent variables are defined at the same location in the considered
collocated grid arrangement, exactly the same interpolation scheme is used to express
all of them at the interfaces.

* However the use of center difference approximation mentioned above to compute the
convection fluxes, may lead to numerical stability problems.

* Therefore the convection flux is split into two parts, 4 first-order upwind differencing
scheme (UDS), and another part, which equals the difference between central
difference scheme (CDS) and UDS approximations.

* So, the actual convection flux come from a weighted contribution of UDS and CDS.

Fge = (F.9e)"™ +YI(E9)™ - (F.9.)"™] (17)

So, ¢, equal to V; we have written it again divided by V; plus V, multiplied by ¢, plus
Vp divided by Vg plus V, multiplied by ¢5. Where V; and Vp are volumes of cells enclosing
the points E and P respectively and ¢ and ¢, are the values of independent variable ¢ at

these points that is what we are explaining.

Vi Vp
= ¢p +
Vg +Vp Vg +Vp

be bk

So, basically the eastern neighbor volume of that cell is V E and ¢, is defined at it is center
cell of interest volume is V P and ¢ is defined at it is center. And this is way at the eastern

cell face center we define through the interpolation.

Since all the dependent variables are defined and the same location in the collocated grid

arrangement, exactly same expression or same interpolation scheme will be used to



express all other dependent variables, that means u velocity, v velocity, w velocity p all

the quantities will be interpolated can be interpolated following this philosophy.

However, the use of central difference a center difference approximation mentioned above
to compute the convection fluxes, may lead to numerical stability problems, that we have
seen earlier also that central difference sometimes for high velocity flows | mean can give

stability problem.

Therefore, the convection flux is split into two parts, a first-order upwind differencing
upwind difference scheme we are calling it UDS, and another part which equals the
difference between central difference and upwind difference approximation.

So, upwind difference scheme plus difference between central difference and upwind
difference so; that means, F, ¢, = (F,¢.)YPS + y[(F.¢p.)PS — (E,¢.)YPS] means in the
differentiation we will involve the upstream point, depending on the direction of the

velocity.

(Refer Slide Time: 41:28)

"[p{)“] Means greater of the two
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So, now from this philosophy F,¢, what we have written here, if we want to write it in
computational algorithm then we have to write ¢ within this bracket F, comma 0 minus
¢, within this double racket minus F, comma 0 plus gamma, gamma is a fraction and

multiplied by the central difference minus we are calling this upwind difference.



Fe(pe = ¢p[|Fe,0|] - ¢E[|_Fe’0|]
Vp

Vp
+v {Fe (m ¢p + m@s) — ¢pllFg, O] + ¢pg[|-F, 0|]}

Now, if you look at it typically this will involve up stream point depending on the direction
of the velocity and that is why this special symbol has been used, which is double bracket.
And this double bracket means if we write the P, Q inside a double bracket which will
mean greater of the two, right. So, velocity can be negative in that case you know this will
be minus F, will be greater of the two so and if it is positive then obviously it will be

greater of the two.

So, this will eventually decide the depending on direction of velocity will involve the
upstream point ¢, of ¢ and this is the central difference. So, you can see this symbol
double bracket has substituted when we define this you know, if you recall that
involvement of upstream points through the modulus sign in several schemes, we have

done so far, we have done that so and it is just equivalent to that.

Now F, ¢, following the same philosophy this is basically central difference and this is
sorry this is basically upwind difference and this is basically a factor multiplied by central
difference minus upwind difference. Same here this is upwind difference this is a factor
multiplied by curly bracket is getting closed here inside we have central difference minus

upwind difference.

So, this is you know flux at eastern surface, convective fluxes western surface, convective
fluxes southern surface in the same way just you have to follow the expressions and look
at how we have applied upwind differencing by involving up stream point F, ¢,, , F;¢; and
F, ¢, bottom surface, top surface, northern surface and everywhere basically we have
taken UDS plus central difference minus UDS minus upwind difference scheme. So, this

is how we can compute the convective fluxes.
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+ If a fully implicit method is used for time-stepping, the upwind parts of the above
equation are “implicit” in that they are incorporated in the coefficients of the unknown
velocity during the pressure-velocity iterations.

+ The CDS terms on the other hand are evaluated using previous iteration values and are
used as source term on the right hand side of the same equation. This is the so-called
deferred correction approach of Khosla and Rubin (1974).

* Multiplication of the explicit part by a factor y(0 <y < 1) allows the introduction of
numerical diffusion. (y = 0 means pure UDS, y = 1 means pure CDS).

+ The deferred correction approach enhances the diagonal dominance of the coefficient

matrix, which adds to the stability of the solution algorithm.

V. Eswaran and S. Prakash, A Finite Volume Method for Navier-Stokes Equations,
Proceedings of the Third Asian CFD Conference, Bangalore, Vol. 1, pp. 127-133, 1998

If a fully implicit method is used for time stepping the upwind parts of the above equation
are implicit and they are incorporated in the coefficients of the unknown velocity during
pressure velocity iteration. This | will explain again while doing the pressure-velocity
iterations. The central difference terms on the other hand are evaluated using previous

iteration values and are used as source term on the right-hand side of the same equation.

This is the so-called deferred correction approach. If you recall our first preliminary few
lectures when we introduced finite difference, finite volume methods we refer to the
scheme very well-known scheme Khosla and Rubins scheme is called deferred flux
correction approach. Professor Prem Khosla and professor Stanley Rubin, they formulated

it. Multiplication of the explicit part | have already mentioned.
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[[P.0]] Means greater of the two
Fién = ¢p[|F,, 00 - oxll - F, ”],.V,f’_‘;v“__‘;w (21)
VotV " VotV
F -F,0
: \ o oV Ve (22)
Fou = 6ellFu0l) = rl = Fo O + Rl yrde + =yt
~ op(IF:, 0] + 6zl - Fi, O[]}
W _ Ve Vs
Ry = ¢p[|F, 0] - ¢8(| - B, 0[] + WFR(——98+ %) (23)
S AR TANTA
- op(|F, 0[] + ¢8| - £, 0[]}

i

This is a; this y is a factor which is basically a fraction. So, this factor y which lies between
0 and 1 allows the introduction of numerical diffusion. If y equal to O this means pure
upwind differencing if y equal to 1 means pure central differencing. So, here basically we

have to since you know if you compare it with the schemes, we used for simply learn math,

there also we used something like alpha which varied between 0 and 1.

But there when it was tilting towards O it was getting closer to central difference when it
was you know tilting towards 1 it was shifting towards upwind difference here it is just
little different. When y is 0 it is upwind difference pure first order upwind and y equal to
1 is pure central difference second order central difference. So, for higher accuracy we can

go for gamma which is on the side of 1.

The differed correction approach enhances the diagonal dominance of the coefficient
matrix, when we will arrange this, you know pressure iteration matrix we will again
discuss it. But it is better to mention here now that differed correction approach enhances
the diagonal dominance of the coefficient matrix, which adds to stability of the solution

algorithm.

So, we have discussed today about the discretization of the continuity equation following
finite volume approach on arbitrary shaped hexahedral and also, we have discussed about

calculation of convective fluxes. In the next class we will take a diffusive flux and setting



up the pressure velocity correction scheme and we will discuss about the complete solution

algorithm.

Thank you very much, thank you.



