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Optimization of the Finite Volume Method
Source Code by using Polymorphism

R. Leithner, H. Zindler and A. Hauschke

Abstract—Often CFD programs are used for solving flow
problems that are based on finite volume methods (FVM). The FVM
solves the balance equations in an iterative process. Since the single
balances are coupled, different coupling methods like the SIMPLER
(Semi Implicit Method for Pressure Linked Equations Revised) are
used. Since the solving algorithm is passed through several times
during the iteration, all time critical branching like if statements
should be avoided. But branching appears several times, because of
the different handling of volume elements in the middle and volume
elements with boundary conditions. This differentiation can be done
once during the initialization of the algorithm and it is not necessary
to repeat the differentiation several times during the iteration. For
example the sorting of the calculation functions can be done by the
polymorphism of object orientated program languages like C++.
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I. INTRODUCTION

OR solving flow problems like in heat exchangers partial

differential equations for momentum, mass and energy
appear. These balances are solved by using the finite volume
method that discretizes the balance equations over location
and time. The single balance equations are coupled by
velocity, pressure and density. For solving this coupling
several algorithms for solving the momentum and mass
balance equations at the same time are developed. The
algorithm that is used as an example in this article is the
SIMPLER (Semi Implicit Method for Pressure Linked
Equations Revised). All solving algorithms work in an
iterative loop that solves the single balance equations one after
the other.

To set up the balance equations for each volume element
several coefficients have to be calculated (see Fig. 2) that
differ from each other depending on the time period and the
location of the volume element. Fig. 1 shows the array of the
volume elements for the case of an one-dimensional transient
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flow through a pipe. Two boundary condition types are
regarded:

1.constant pressure at both sides of the pipe
2.constant velocity at the inlet and constant
pressure at the outlet of the pipe

If the position of a volume element is checked during the
iteration to find the correct calculation instructions for the
coefficients of the balance equations, the algorithms would be
slow and difficult to understand. Therefore a solution, using
modern object orientated program languages, needs to be
found, that orders the calculation instructions of the
coefficients of the balance equations in the initial phase before
the iteration starts. During the iteration no further checking is
required. An efficient kernel can be achieved by an analysis of
the SIMPLER and of the virtual inheritance of object
orientated program languages.
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Fig. 1 Arrays of the volume elements with different
boundary conditions; Source: [8]
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Momentum balance / pseudo velocity
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Fig. 2 Arrays of the volume elements with different boundary conditions; Source: [8]

Il.  ANALYSIS OF THE SIMPLER-ALGORITHM

The SIMPLER-Algorithm was published by Patankar in
[2]. Walter has found in [3] a very good representation of the
SIMPLER-Algorithm for one-dimensional transient pipe
flows that is used in this article. There is just one difference in
the calculation of the source term. The transient summand of
the source term is calculated in a separate operation. All

calculation instructions of all coefficients are listed in
Fig. 2.

The iteration of the SIMPLER-Algorithm for a transient
one-dimensional flow through a pipe can be explained as
follows:

1) With the help of an estimated velocity array W;;O_S, an

estimated pressure array pi* and an estimated temperature

arrayTi*the array of the pseudo velocity Wi s is
calculated.

M)

2) The pressure array p; is calculated by using the array of
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3)

5)

6)

7)
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the pseudo velocity W .

)

Api Pi = Qi Pig + Qg Pig + bei

The estimated velocity array Wi*+0.5 is calculated.

*

AGW,05 = 8, Wi_g5 + 8o Wi,y 5 + 1 ®)

i+l
With the improved velocity array Wi:()'5 the pressure

correction array p, is calculated.

(4)

i P = i Pig + B Pioa + B
The pressure correction array f)i is used to calculate the

velocity array W, s .

®)

(ﬁi - ﬁi+1)

ei
The energy balance is solved.

il = Ay + Ay + by ©)

i+1

All other physical state variables like density or viscosity
are recalculated.












