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COMPARISON OF THE DISCRETE-ORDINATES
METHOD AND THE FINITE-VOLUME METHOD FOR
STEADY-STATE AND ULTRAFAST RADIATIVE
TRANSFER ANALYSIS IN CYLINDRICAL COORDINATES

Brian Hunter and Zhixiong Guo
Department of Mechanical and Aerospace Engineering, Rutgers, The State
University of New Jersey, Piscataway, New Jersey, USA

The time-dependent equation of radiative transfer is solved for an axisymmetric cylindrical

medium using both the discrete-ordinates method and the finite-volume method. Steady and

transient flux profiles are determined for absorbing and scattering media. Results for each

solution method are compared and shown for various grid numbers, scattering albedos, and

optical thicknesses. A comparison of computational time and memory usage between the

methods is presented. It is found that the finite-volume method uses more memory and

has a longer convergence time than the discrete-ordinates method for all cases, due to the

difference in angular treatment.

1. INTRODUCTION

For many applications, ranging from determining the thermal performance of
boilers and furnaces to modeling laser ablation of cancerous cells in skin tissue, the
solution of the equation of radiative transfer (ERT) in an axisymmetric cylindrical
enclosure is necessary. There are many methods to solve for the intensity field in such
an enclosure. Two of the most common methods, due to their relative simplicity and
elegance, are the discrete-ordinates method (DOM) and the finite-volume method
(FVM).

The DOM was first introduced by Carlson and Lathrop [1] in 1968 in their dis-
cussion of neutron transport. Fiveland expanded the theory for use in predicting radi-
ative heat transfer in three-dimensional enclosures with isotropic and anisotropic
scattering [2, 3]. Menguc and Vishanta [4] and Jamaluddin and Smith [5] provided
detailed solutions for radiative transfer in an axisymmetric, finite cylindrical enclosure
to predict behavior in furnaces and combustion chambers. Jendoubi et al. [6, 7] com-
pleted the framework of radiative transfer in an anisotropically scattering medium.
More recently, Guo and co-authors expanded the DOM to solve the time-dependent
ERT for ultrafast laser applications [8, 9], such as laser tissue welding and soldering
[10]. Other works by Guo and co-authors have combined the DOM for radiative
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transfer with Penne’s bio-heat equation for applications involving laser–skin tissue
interactions for the removal of cancerous tumors via laser ablation [11, 12].

First used mainly for predicting convective heat transfer, the FVM was pro-
posed for simulation of radiative transfer by Chui and Raithby [13]. They also intro-
duced a novel mapping scheme to ease the prediction of radiative transfer in
axisymmetric cylindrical media. Chai et al. [14, 15] expanded the method to consider
both two- and three-dimensional enclosures, and examined the treatment of irregular
geometries. Kim and Baek [16] further validated the method for use in both axisym-
metric and nonaxisymmetric cylindrical enclosures, and also applied the method to
solutions with nongray gas for combustion applications [17]. Murthy and Mathur
[18] also expanded the method for solution of radiative transfer problems with
unstructured grid meshes.

Although many studies have been completed using either of the methods, few
have looked at a detailed comparison of the two. Comparisons between the two

NOMENCLATURE

c speed of light in medium

Dm
i directional weight at face i in

direction m

I radiative intensity, W=m2sr

Ib blackbody emissive power

(¼rT4=p), W=m2sr

M total number of directions [¼
(N/ *Nh)]

n̂n surface outward unit normal

vector

Nr, Nz, N/, Nh number of divisions in each

direction

Qr, Qz heat flux at radial side wall,

axial end wall

r radial location, m

r position vector

(¼ rer
!þ /0 e/0

�!þ zez
!)

ŝs unit direction vector

(¼ mer
!þ ge/0

�!þ nez
!)

S source function, Eq. (2)

t time, s

T temperature, K

w discrete direction weight,

DOM

z axial location, m

amI discretization equation

coefficient at node I in

direction m

b extinction coefficient

(¼raþrs), m
�1

DA;DV surface area and volume of

CV, m2, m3

DX discrete solid angle, sr

E emissivity

h polar angle measured from

ez
!, see Figure 1

q reflectivity

r Stefan-Boltzmann constant

(¼5.67 * 10
�8W=m2K4)

ra absorption coefficient, m�1

rs scattering coefficient, m�1

/ azimuthal angle measured

from er
!, see Figure 1

/0 spatial azimuthal angle

measured from x axis, see

Figure 1

/r angular azimuthal angle

measured from x0 axis, see
Figure 1

U scattering phase function

U average scattering phase

function

x scattering albedo (¼rs=b)

Subscripts

b blackbody

med medium

n, s, e, w, t, b faces of control volume

N, S, E, W, T, B neighboring control-volume

nodal centers

P control-volume nodal center

w boundary wall

Superscripts

m0 previous iteration

m, m0 discrete radiation directions

mþ, m� edges of discrete solid angle

m� 1 previous control volume
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