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Abstract. The governing equations for heat transfer and fluid flow are often formu-
lated in a general form for the simplification of discretization and programming, which
has achieved great success in thermal science and engineering. Based on the analysis
of the popular general form of governing equations, we found that energy conserva-
tion cannot be guaranteed when specific heat capacity is not constant, which may lead
to unreliable results. A new concept of generalized density is put forward, based on
which a new general form of governing equations is proposed to guarantee energy
conservation. A number of calculation examples have been employed to verify valida-
tion and feasibility.
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1 Introduction

A general expression for governing equations is widely used in numerical simulations of
heat transfer and fluid flow, in which different variables, diffusion coefficients and source
terms are written in a form of a generalized variable, a generalized diffusion coefficient
and a generalized source term, respectively. There are obvious advantages by utilizing
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this general form, such as unified form of discretization and programming for all the gov-
erning equations, remarkable improvement on programming efficiency, enhancement of
the versatility of the program as well. The popular general governing equation is written
below:

∂(ρφ)

∂t
+div (ρUφ)=div

(

Γφ
∗gradφ

)

+Sφ
∗ (1.1)

which is a classical method widely used in many textbooks [1–8], where φ is a general
variable to represent variables such as u, v, w and T, and Γφ

∗ is a generalized diffusion
coefficient corresponding to the variable φ. The first and second term on the left side of
Eq. (1.1) are respectively the unsteady term and the convective term, while the first term
on the right side is a generalized diffusion term, and the second term Sφ

∗ is a generalized
source term representing the summation of those terms in the governing equations except
the unsteady term, the convective term and the diffusion term. For a two-dimensional
laminar fluid flow and heat transfer in a Cartesian coordinate system, the specific mean-
ings of Γφ

∗ and Sφ
∗ are listed in Table 1 [9, 10].

Table 1: Coefficient and source term of the popular general governing equations.

Equation ρ φ Γφ
∗ Sφ

∗

Continuity equation ρ 1 0 0

Momentum eqn. (x direction) ρ u µ ρ fx−
∂p
∂x

Momentum eqn. (y direction) ρ v µ ρ fy−
∂p
∂y

Energy equation ρ T λ/cp ST/cp

In Table 1, x and y represent abscissa and ordinate, while u and v are the velocity
components in the x- and y- coordinates; fx and fy are the body forces. p, ρ, µ, λ and
cp respectively indicate pressure, density, dynamic viscosity, thermal conductivity and
specific heat capacity. This general expression has been widely applied in numerical heat
transfer to solve a large amount of practical engineering issues. However, by the theo-
retical analysis in this paper, it is found that energy conservation cannot be guaranteed
when specific heat capacity is not a constant, and this non-conservation may lead to un-
reliable results, which indicates there are some limitations of the above general form of
governing equations (Eq. (1.1)). In order to ensure energy conservation, this paper puts
forward a new expression of general governing equations based on theoretical analysis.

2 Analyses of proposed form of governing equations

The conservation law of a physical variable in a finite volume would only be satisfied in
numerical discretization by employing conservative governing equations [4]. According
to the classical heat transfer text books [11, 12], the conservative energy equation can be


