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a b s t r a c t

The purpose of this study is to present a 2D transient numerical model to predict the dynamic behavior of
a tubular SOFC. In this model, the transient conservation equations (momentum, species and energy equa-
tions) are solved numerically and electrical and electrochemical outputs are calculated with an equivalent
electrical circuit for the cell. The developed model determines the cell electrical and thermal responses
to the variation of load current. Also it predicts the local EMF, state variables (pressure, temperature and
species concentration) and cell performance for different cell load currents. Using this comprehensive
model the dynamic behavior of Tubular SOFC is studied. First an initial steady state operating condition
is set for the SOFC model and then the time response of the fuel cell to changes of some interested input
parameters (like electrical load) is analyzed. The simulation starts when the cell is at the steady state in
a specific output load. When the load step change takes place, the solution continues to reach to the new
steady state condition. Then the cell transient behavior is analyzed. The results show that when the load
current is stepped up, the output voltage decreases to a new steady state voltage in about 67 min.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Solid oxide fuel cells (SOFCs) are a highly efficient, environmen-
tally benign method of electric power production. SOFC systems
have been proposed for electric utility power generation in both
large central station power plants and distributed generation
stations [1]. Considerable amounts of research work have been
conducted to SOFC, making the SOFC close to the commercial appli-
cations. One of the challenges for application of SOFCs is their
relatively slow response to the input parameters time variation.
Understanding the transient behavior of SOFC’s is also important
for control of stationary utility generators during power system
faults, surges, and switching. Therefore, the transient modeling of
the fuel cell is useful to predict the cell dynamic behavior and oper-
ation. In 1994, Achenbach [2] analyzed the dynamic operation of a
planar solid oxide fuel cell. He examined the transient cell voltage
performance due to temperature changes and current density with
lumped assumption for the cell temperature distribution. Hall and
Colclaser [3] also developed a thermodynamic model for prediction
of transient operation of the Tubular SOFC. Sedghisigarchi and Feli-
achi [4] combined heat transfer dynamics and species dynamics to
form a new dynamic model. Also Xue et al. [5], considered a one-
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dimensional transient model for heat and mass transfer simulation
assuming an electrical circuit include the Ohmic resistances and
capacitors for the energy storage mode of operation. Iora et al. [6]
considered the internal reforming/shifting reactions in fuel channel
in their study. Qi et al. [7,8] developed a quasi 2D model of a tubu-
lar SOFC based on the changes along the gas flow direction using
the control volume (CV) approach. In their model, the cell length
is divided to several serial segments. Each segments includes five
CVs, i.e. air tube, air channel (in two sections), cell body (electrolyte
and electrodes) and fuel channel. They obtained a non-linear set
of differential equations for the heat and mass transfer as well as
electrical and electrochemical variables. By solving these equations
simultaneously, they calculated the cell time response to the load
change. One obvious weakness of these dynamic models is that they
used constant heat and mass transfer coefficients based on a fully
developed flow approximation at constant wall temperature and
mass flux. In fact the tubular SOFC is a heat-generating tube with
different flow streams on both the inner and outer side. We will
avoid the fully developed flow approximation of Nusselt and Sher-
wood numbers at constant wall temperature/concentration in this
2D transient model by a complete field solution of the governing
equations for the heat and mass transfer in the entire domain of a
tubular SOFC working in a cell stack. Also the radial gradient of the
state variables (i.e. temperature and species mole fractions) in air
and fuel channels is predicted and therefore the time they need to
diffuse in whole domain is taken in to account in present dynamic
model.
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