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Abstract

The paper reviews the development of the energy sys-
tem simulation tool DNA (Dynamic Network Analy-
sis). DNA has been developed since 1989 to be able
to handle models of any kind of energy system based
on the control volume approach, usually systems of
lumped parameter components. DNA has proven to
be a useful tool in the analysis and optimization of sev-
eral types of thermal systems: Steam turbines, gas tur-
bines, fuels cells, gasi�cation, refrigeration and heat
pumps for both conventional fossil fuels and different
types of biomass.
DNA is applicable for models of both steady state and
dynamic operation. The program decides at runtime to
apply the DAE solver if the system contains differen-
tial equations. This makes it easy to extend an existing
steady state model to simulate dynamic operation of
the plant. The use of the program is illustrated by ex-
amples of gas turbine models.
The paper also gives an overview of the recent imple-
mentation of DNA as a Matlab extension (Mex).

Nomenclature

CC Corrector error constant for integration
method

CP Predictor error constant for integration method
etrun Truncation error of integration method
f Differential equations
g Algebraic equations
h Time step size
Hh Higher heating value
Hl Lower heating value
i Iteration number

0Corresponding author: Emailbe@mek.dtu.dk, Phone +45
4525 4169

J Jacobian Matrix
m Number of equations
n Number of variables
u Time step
x Static variables
Yc Corrector Nordsieck vector
Yp Predictor Nordsieck vector
y Dynamic variables
a BDF method parameters
b BDF method parameters
k Time step ratio
t Time
t 0 Discontinuity passage time

1 Introduction

The simulator DNA (Dynamic Network Analysis)1

is the present result of an ongoing development at
the Department of Mechanical Engineering, Techni-
cal University of Denmark beginning with the Mas-
ter's Thesis work of Perstrup in 1989 [Per91]. Since
then the program has been developed to be generally
applicable and it covers unique features, so it may be
able to `�ll a hole' in the spectrum of simulation pro-
grams. Some of the important features are:

• Simulation of both steady state models (alge-
braic equations) and dynamic models (differen-
tial equations)

• Handling of discontinuities in dynamic equations
• Use of a sparse-matrix-based simultaneous solver

for the linear equations
• No causality is implied on the model input, i.e.,

no restriction of the choice of inputs and outputs

1DNA may be downloaded from the web pagehttp://www.
et.mek.dtu.dk



• Medium compositions can be variables
• Models of both thermodynamic states, transport

variables and radiative properties for relevant �u-
ids, e.g., steam, ideal gases, and refrigerants

• Features for modeling solid fuels of arbitrary
composition

The �rst version of DNA was named Network Analy-
sis (NA) and thus did not handle dynamic systems.
The differential equation solver and its integration
with the system model was implemented by Lorentzen
[Lor95]. The continued development[Elm99, EH99,
EH00, Elm03] of the program has resulted in addi-
tion of features for handling discontinuities caused
by events, and improvement of user friendliness, ef-
�ciency and �exibility. Moreover, the component li-
brary has been extended and includes models of:

• Heat exchangers
• Burners
• Gasi�ers
• Turbo machinery
• Fuel cells
• Fuel pretreatment, e.g., dryers and decanters
• Energy stores
• Engines
• Valves
• Controllers

as well as more specialized components and utility
components. Users may implement additional com-
ponents, which are usually written in FORTRAN77.
During the development of DNA four key terms,
portability, robustness, ef�ciency, and�exibility have
been kept in mind as the important properties required
to make a generally applicable tool for energy system
studies. During the recent years DNA has been intro-
duced in the education at the Department and has been
applied to several very different types of systems. It is
the experience that DNA also for students is a useful
tool which makes it possible to study even very com-
plicated systems with a high number of components,
and thus equations.
For the user, DNA is a modelling language and a com-
mand line program parsing and compiling this lan-
guage. DNA has been integrated with the GNU Emacs
editor as shown in �gure 1.
DNA is portable as it is written in FORTRAN77
and is distributed both in binary form (for Microsoft
Windows) and as source code. This makes it an
open source alternative to Aspen+, Gate Cycle, GT

Figure 1: DNA and GNU Emacs

Pro, Ipsepro, MMS/ACSL, Modelica and similar
component-based tools.
DNA has been compiled on several operating systems
(Microsoft Windows, Linux, hpux) and with several
compilers (Gnu Compiler Collection (GCC), Salford,
Lahey, Compaq Visual Fortran). The native version
of the open source compiler GCC, (Mingw on Win-
dows), compiles DNA without problems. When used
with Emacs and GCC, DNA is completely portable
and open source.

2 Physical Model

Figure 2 shows the translation of a 'mind-model` of
a simple Rankine cycle, i.e., a steam power plant, to
a network, which is an abstraction of the model. The
abstract representation indicates that the network for-
mulation is independent of the nature of the model. A
network consists of components with branches allow-
ing them to interact with each other and the surround-
ings. The branches may be connected through nodes
as in an electrical network.
Components may be supplied with more branches than
are in fact needed as connections in the model. This
extension is required to allow the addition of non-�ow
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Figure 2: Translation of a model of an energy system,
a simple steam power plant, to a network
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branches carrying heat, power and control signals. In
a network-based model each element has to be selec-
tively identi�ed. The way this is done, however, is
a matter of implementation. DNA applies a system-
atic tabular representation of the system. It should be
noticed, that the �ows in the branches do not have a
speci�ed direction. To obtain a correct solution the
component models should specify the �ow direction
during simulation.
The network approach is analogue to the way electri-
cal circuits are usually modelled. In an electrical cir-
cuit, it is of interest to determine currents and voltages.
The voltage difference over a component is the driving
force determining the electrical current through the
component. The two types of variables are principally
different: Currents are going through the components
and are connected to the branches, whereas voltages
are connected to the nodes. In an electrical circuit
the two Kirchhoff laws are applied in the mathemat-
ical model. Kirchhoff's Current Law states that the
sum of the currents to a node equals zero. Kirchhoff's
voltage law says that the sum of voltage changes in a
closed circuit is zero.
Analogue to the electrical circuit model the variables
in the energy system may be distinguished due to their
nature. Pressure is a node variable as pressure differ-
ences is the driving force for �ow thorugh the com-
ponents. The pressure drop in a closed cycle will be
zero.
There is, however, a fundamental difference which

complicate the application of a complete analogy.
Temperature differences cannot be omitted, so not
only one variable is present in each branch in energy
systems. Both mass �ows and energy (enthalpy) �ows
specify the state in the branch. For both mass and en-
ergy �ows an analogy to Kirchhoff's current law can
be applied. The sum of mass �ows to a node and
the sum of energy �ows to a node equals zero. This
means that we formulate the continuity equation for
mass �ows and the �rst law of thermodynamics for
the energy �ows.
Also the impulse balance could be seen as a basic law
for a component, but it is customary to apply it in a
more specialized way to be able to account for the very
different operating principles of the components in a
system.
Together with other device speci�c equations the im-
pulse balance is termed as constitutive relations. The
constitutive relations are also accounting for heat
transfer, power exchange, chemical reactions and
more. In the constitutive relations �uid properties
may often have in�uences. This means that thermo-
dynamic property models are of fundamental impor-
tance in energy system models. Because of the above,
the analogy between electrical circuits and thermody-
namic processes is limited, and the advantage of the
network theory is mainly, that it supplies a systematic
methodology for the preliminary implementation con-
siderations of a simulator.
The variables in DNA are divided into three types as
indicated in �gure 4:

Component variables These are all dynamic vari-
ables (Mass and internal energy of a �uid inside
the component control volume and internal en-
ergy of the solid mass of the component). In addi-
tion components may de�ne additional algebraic
and/or dynamic variables.

Branch variables These are variables connected to
the streams �owing in and out of a component.
They are mass �ow, speci�c enthalpy and possi-
bly mixture composition for a �uid �ow. Other
media that like this are heat �ow, mechanical or
electrical power.

Node variables The node variable of a �uid �ow is
pressure. Other node variables are control signals
and rotational speed of a shaft.

During model build-up, the physical model is tested
for consistency to ensure that �ows of different media
are not connected to the same node.
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Figure 4: A general DNA component model

3 Mathematical Model

The mathematical model consists of equations for �rst
principles, i.e., the continuity equation and the �rst law
of thermodynamics for both nodes and components,
residuals given in the component models and equa-
tions for boundary conditions and initial conditions of
dynamic variables. Any type of variable which makes
sense at a particular place in the system may be used
as boundary condition.
The model of the system is stored in tables from which
the complete structure of the system may be retrieved.
This makes it possible to examine the consistency of
the model and is also used for automatic formulation
of the �rst principles. This approach ensures that the
most fundamental physics is always correct. At the ini-
tialization of the model the tables are also used for cal-
culating physically reasonable initial guesses for the
solver.

Component 1

Component 2

Node 2Node 1

Figure 5: A steady state model of cyclic process re-
quires removal of one mass balance

Cycles are very common in thermodynamic systems,
for instance the Rankine cycle in �gure 2. If a model
includes a cycle and no dynamics are modelled, the
systematic formulation of mass balances for the com-

plete system makes the problem over-determined, due
to a linear dependence between the mass balances. An
example is shown in �gure 5. For each of the two
nodes and the two components a mass balance applies.
This results in four mass balance equations to calculate
the four mass �ows. However, the equations are lin-
early dependent and none of them speci�es the mass
�ow, so a degree of freedom is missing. DNA auto-
matically removes a mass balance in order to handle
this problem. This approach resembles what is usually
called a tear stream in sequential solvers.
All equations are formulated on residual form includ-
ing algebraic equations, differential equations, initial
values of dynamic variables and boundary conditions
for the system, e.g., ambient temperature and pres-
sure. All of these are solved simultaneously by a nu-
merical method. This approach gives the user com-
plete freedom to decide which variables are inputs and
which are outputs. The only exception is component
parameters, such as an isentropic ef�ciency of a tur-
bine. These are in principle constants, but the user
may change them into output variables by setting one
additional boundary condition for each.

4 Numerical Methods

When the DNA model is parsed the program deter-
mines whether any of the components includes dy-
namics. If not the algebraic equation solver is used,
otherwise the DAE solver is applied.

4.1 Algebraic Equations

The problem is a non-linear system of equations given
on residual or implicit form:

g = 0 (1)

An iterative solution is obtained by successive deter-
mination of appropriate displacements of the variables
in the system in each iteration step:

xi+ 1 = xi + Dxi+ 1, for i = 1;2;3::: (2)

Algebraic equations are solved by the Newton method.
The Newton method has been selected due to its fast
�nal convergence rate. During the preprocessing the
model is analyzed and DNA automatically generates
initial guesses for the variables based on mass and en-
ergy balances throughout the system. This makes the
model convergence easily.



The method is implemented with the use of sparse-
matrix techniques, which decrease the computation
time signi�cantly. The method uses the Jacobian ma-
trix de�ned by:

J =
¶g

j

¶xk
for j = 1;n andk = 1;m (3)

In each iteration the change of the variables is calcu-
lated by solving thelinearizedsystem of equations for
Dx:

Ji � Dxi+ 1 = � g
i

(4)

In DNA a numerical approximation to the derivatives
is made by perturbing the variables and computing the
change in the residual value. As a consequence of the
loose couplings in the system of equations a signi�-
cant reduction of the computation time is obtained by
the use of sparse matrix techniques. The numerical
calculation of the derivatives used in the Jacobian ma-
trix can be done groupwise as more variables may be
perturbed at the same time as long as they do not af-
fect the same equations. It is the experience that a large
part of the computation time is used for calculating the
derivatives because they require several evaluations of
the system of equations. The equations include many
calls to the routines for thermodynamic properties of
media, which are computationally demanding.

4.2 Differential-Algebraic Equations

It is the experience that a component-based energy
system model is normally a semi-explicit index-1 type
system of differential-algebraic equations (DAE), as in
equations 5 and 6

¶y

¶t
= f(y;x; t ) (5)

0 = g(y;x; t ) (6)

In [Lor95] it was decided that an up to fourth or-
der Backward Differentiation Formulae method (BDF)
was most appropriate for this kind of DAE systems.
The method advances in time according to the follow-
ing scheme [Cur80]:

k

å
j= 0

a jyu+ j
= hbkfu+ k

in which f = f(y;y0; t) = y0

(7)

4.3 Step Size Control

To introduce a possibility for using variable step sizes
theNordsieck formulationof the BDF method is intro-
duced. For each differential variable a Nordsieck vec-
tor, Y is formed. Instead of storing the solution points
back in time the Nordsieck vector stores the solution
and itsk �rst derivatives, so only information about the
last calculated point is needed.

Y = [ y;hy0;
h2

2
y00; : : : ;

hk

k!
y(k) ]T (8)

Throughout this section the symbolsy, Y, f , etrun, l ,
andw refer to one of the entries in the respective ma-
trix representing all of the dynamic variables.
A polynomial approximation to the solution will then
correspond to a Taylor expansion of the solution from
the last calculated point. For ease of calculation of
this, it is assumed that the lastk solution points are
equidistant [RH85]. This assumption is naturally not
true when the formulation is to be used with a vari-
able step size method. Due to this it is necessary to
require time step changes to be smaller than a given
limit, de�ned as a maximum ratio between two suc-
ceeding time steps.
A change of the size of a time step only involves a
multiplication of the ratio between time steps, i.e.k =
hnew=h to the jth power to each of the entries of the
Nordsieck vector:

Yi = [ y; (kh)y0;
(kh)2

2
y00; : : : ;

(kh)k

k!
y(k) ]T (9)

Another prerequisite for a variable step size imple-
mentation is an estimation of the error of the method,
i.e. the difference between the calculated approxima-
tion and the real solution. This is made possible by
introduction of an explicit predictor de�ned by

k

å
j= 0

a jyu+ j = hbk� 1fu+ k� 1 (10)

The predicted value for a method may be found by a
simple matrix operation:

YP
u+ 1 = PYC

u (11)

whereP is termed the Pascal Matrix.
In general an estimate of the local truncation error of a
variable is expressed as:

etrun = CChp+ 1yp+ 1
u (12)



Provided that the predictor (equation 10) and the cor-
rector (equation 7) are of the same order the truncation
error may be calculated using Milne's estimate:

etrun =
CC

CP � CC
(yC

u � yP
u) (13)

The difference between the corrected and predicted
Nordsieck vector may be written aslw. Thel vector is
usually normalized by setting its second entry equal to
one. Doing so the truncation error can be expressed in
a simple manner as:

etrun µ w (14)

These operations also make it possible to include the
integration method into the Newton solver which then
includes equations for the differential variables, their
time derivatives and their error estimates at each time
step. At each time step a system of eqautions of the
form in equations 5-6 must be solved.

4.4 Discontinuities

During a simulation of a dynamic system an equation
or its derivatives may be discontinuous between two
discrete values of the independent variable (time). In
such a situation special care has to be taken to pre-
serve order of the applied method [Hou83]. Discon-
tinuities will most often arise from models of events
due to intervention by human operators or a control
system. Discontinuities may be distinguished depend-
ing on whether they are de�ned at a given value of the
independent variable, or if they are de�ned at a given
value of a dependent variable. An example of the �rst
form is a process where an operator changes a valve
opening at a speci�ed time. An example of the lat-
ter is a valve which position is changed by the control
system of a plant.
The BDF methods are based on polynomial (Taylor)
expansions of each variable back in time. Due to this
the integration method must be restarted at the passage
of the discontinuity. Otherwise the approximation to
the solution would be wrong.
Discontinuities dependent on the independent variable
only are most easy to handle as they may be speci�ed
directly before the simulation begins. The integration
hereby may be stopped and restarted exactly at the pas-
sage. A feature to do so has been implemented in DNA
by Lorentzen [Lor95]. This feature is used extensively
when modelling control systems where sampling and
the possible changes of set points at the sample time
introduces a time dependent event and thus requires
the integration to be restarted frequently.

General discontinuities which may be dependent on
any variable in the system are more dif�cult to handle
because they have to be located in time so the integra-
tion routine is in fact restarted at the passage.General
discontinuities do include discontinuities in both the
equations themselves and in their derivatives.
According to [ESF98, Hou83] the best way to handle
this situation correctly is to locate the exact point of
passage of the discontinuity and restart the integration
here, or more precisely right after. To locate the point
in time where the discontinuity appears an additional
variable, i.e. aswitch variablewhich changes its sign
at the passage of the discontinuity is introduced. By
calculating the value of this variable it is possible to
detect the discontinuity.

0

f �

zs�

f +

zs+

time, �

f (� )

Figure 6: Discontinuities in equations are located by
introduction of switch variables,zs.

In �gure 6 an example of a discontinuous equation is
displayed. Until some point the equation is continuous
and smooth. At the point of the discontinuity the equa-
tion switches from one branch, (left of the dashed line)
to another (right of the dashed line). The graph of the
switch variable up to the discontinuity is indicated by
zs� . As seen the switch variable at some point passes
from a positive value to a negative value. This change
of sign informs the integration routine that a disconti-
nuity is about to be passed and that the model is about
to enter anotherstate. The solver then enters the pro-
cedure which locates the point of passage.
To locate the point of passage an iterative procedure is
needed. The known points on the solution may be used
to initialize this procedure. Of the previously obtained
points on the solution the last one before the detection
of the discontinuity and the rejected point after the dis-
continuity are used. As the value of the switch variable
has different sign at these two points the passage will
be located in-between them. For each iteration a solu-
tion of the full equation system is required to know the



value of the switch variable at this point. To keep the
method ef�cient it is therefore of interest to keep the
number of iterations low.
Different ways to iterate in the passage location may
be chosen. One approach is to apply two–point iter-
ative procedures like bisection, secant or regula–falsi
methods.
In [Hou83] another approach based on a polynomial
approximation of the set of known points on the (t ;zs)
curve is suggested as being more ef�cient. Firstly, it
should be noticed that the procedure to locate the point
of passage, if applied as indicated in �gure 6 would re-
quire an iterative or algebraic solution of ˆzs� = f(t ) =
0 with ẑs� being the approximation tozs based on the
obtained solution. If instead the inverse of f(t ), f� 1(ẑs)
is used to calculate the approximation to the passage
location, the calculation will require only one evalua-
tion of the function, and the passage pointt 0 will be:

t 0 = f� 1(ẑs = 0) (15)

Divided differenceshas been found to be an appropri-
ate way of storing the approximations to the switch
functions. When a discontinuity is encountered a lin-
ear approximation to the passage point,t 0, can be
found as:

t 0 = t (zs;u) +
t (zs;u) � t (zs;u� 1)

zs;u � zs;u� 1
zs;u (16)

whereu andu� 1 indicate the points after and before
the discontinuity, respectively. A better approximation
to the passage point may hereby be obtained. The frac-
tion in the right hand side of equation 16 is the �rst of
the divided differences used in the method. These are
for a k'th order polynomial approximation fromn de-
�ned recursively by [Kre88]:

t [zs;n; : : : ;zs;n� 1] =

t [zs;n; : : : ;zs;n� i+ 1] � t [zs;n� 1; : : : ;zs;n� i ]
t n � t n� i

wheret [zs;i ] = t i ; i = n� k; : : : ;n (17)

In �gure 6 the switch variable is following another
curve,zs+ after the discontinuity. This indicates that
the switch variable is described by another equation
after the switch, because it is required, that the switch
variable is always positive. The reason for not only
detecting sign changes of these equations is that by re-
quiring the equation always to be positive, it is possi-
ble to ensure that the model will be in the correct state
at the initial time step, i.e.,t = 0. The initialization of

0

zs;1

zs;2

zo

e

1 2 3

0

zs;1

zs;2

zo

zo

e

1 2
2

1

Figure 7: Two different types of discontinuous equa-
tions. Left: The opening of a valve,zo as a function
of the output signal of a controller,zc, has two switch
variable equations and three states. Right: The output
of an on–off controller,zc, as a function of the error
value, e, has two switch variable equations and two
states with hysteresis.

the method may be carried out in two ways depending
on the nature of the modelled system.

In the left hand part of �gure 7 the output of a pro-
portional controller determines the opening of a valve.
However, the valve may only be controlled if the re-
quested value of the opening is between 'fully closed`
and 'fully open`, i.e. 0< = zo < = 1. This model will
include two switch variables which will be linear and
will be zero inzo = 0 andzo = 1, respectively. The
curves ofzs andzo in the �gure have different zeros
on the vertical axis. Depending on the value of the er-
ror control signal,e, the model will be in one of the
three possible states indicated. In this kind of model
the state will be explicitly determined in all situations,
also for the initial simulation step. The user is allowed
to specify the initial state explicitly, but if the initial
value is not consistent with the obtained solution it will
be changed and the solution will be recalculated.

In the right hand part of �gure 7 a different situation
as indicated by an on–off controller characteristic. The
control signal will be either zero or one, meaning that
the model has two possible states. If the error signal,
e, at some instance is below the lower limit the model
will be in state 1 and to the left of the dashed line in
the �gure. If the error signal grows to above the upper
limit the model will switch to state 2, where it stays un-
til the lower limit is reached again. In the mid region
both states are possible, and if it is initialized in this re-
gion the user will have to specify the initial state. The
initialized value may of course be found to be wrong if
the initial solution determines the error signal to be in
either of the outer regions. In this situation the initial
state will be reassigned and the model is solved again.
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Figure 8: Flow sheet of power plant boiler in low load
operation

5 Output and Post Processing

The output of DNA simulations is the complete set of
global variables mentioned in section 2 and their re-
lated thermodynamic state variables: temperature, en-
tropy, speci�c volume, and speci�c internal energy,
speci�c enthalpy and steam quality where applicable.
In addition, DNA may calculate exergy components,
both physical and chemical, of all �ows. The calcula-
tion of chemical exergy is based on Model II of Bejan
et al [BTM96].
System characteristics such as thermal ef�ciency, pro-
duced power, fuel consumption and so on are cal-
culated automatically based on the system structure
stored internally as tables.
As a “sanity check” all component models may de�ne
conditions for their applicability, i.e., requirements on
the direction of �ow of heat transfer. This feature
makes it possible to handle the second law of ther-
modynamics during post-processing. For a dynamic
system this is done for every time step to ensure that
these conditions are ful�lled for the whole simulation.

6 Integration with Matlab

Recently, it has been decided to use DNA as sim-
ulation engine for the research project Modelling

and Optimization of Biomass-based Energy Systems
(MOBE). MOBE is a joint project between Elsam, En-
ergi E2, Technical University of Denmark, Aalborg
University, Force Technology, Burmeister & Wain En-
ergy and Babcock & Wilcox Vølund. The aim of the
project is develop new control systems for low load op-
eration of once through boilers especially in biomass-
�red units. One problem of the project has been that
all the partners use different software for simulation
and that most of the experience in the �eld are steady
state calculations. For the design of control strategies
Matlab is a strong tool, so it has been a goal to have
the possibility to use it for this part of the work.

On the other hand it is necessary to be able to solve
implicit DAE's to simulate a boiler with combustion,
heat transfer in the furnace and superheaters as well as
the complex design of the steam evaporation and su-
perheating as shown in �gure 8. For this reason it has
been decided to use DNA as the simulation tool and
let Matlab call it when the simulated process should
advance a sampling time step.

The integration is implemented via the Matlab external
interface (Mex) [Mata, Matb]. One feature which has
been wanted for the development of DNA as a Mex
routine has been that it should run on both Microsoft
Windows and Linux. For this reason GCC is used as
compiler.

The algorithm used is:
1: Call Mexdna from Matlab with the DNA input �le

as argument. The call is done via a Mex gateway
�le.

2: Read the input �le and initialize the DNA model
3: Return to Matlab
4: while Simulatingdo
5: Change boundary conditions for control sig-

nals, load requirements and disturbances for the
model.

6: Call Mexdna with sampling time step as input
7: Simulate until sampling time is reached
8: Return measurements (simulation results) to

Matlab
9: end while

To pass variables between Matlab and the external pro-
gram a gateway routine is required. This routine han-
dles conversion between Matlab array pointers and the
external types. In order to keep all variables in mem-
ory while the execution control is in Matlab, the per-
sistent arrays feature is used.
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Figure 9: Gas turbine �owsheet

Air mass �ow 1.0 kg/s
Inlet pressure 1.0 bar
Inlet temperature 25.0 °C
Pressure ratio 10.0 -
Combustion temperature 1200.0 °C
Compressor isentropic ef�ciency 0.8 -
Turbine isentropic ef�ciency 0.85 -
Combustion chamber pressure loss 2.0 %
Combustion chamber heat loss 10.0 kW

Table 1: Boundary conditions for gas turbine model

7 Gas Turbine Example

A simple application example is in place. Figure 9
shows the �ow sheet of a simple cycle gas turbine with
compressor, combustion chamber and turbine. The gas
turbine is fuelled by natural gas (98% CH4, 2% C3H8).
The boundary conditions for the calculation are shown
in table 1. The DNA code for this model is shown in
appendix A.

The model assumes steady state and only uses the al-
gebraic equation solver. The number of equations in
the model is 22 which by the solver is grouped into
17 groups for the sparse matrix calculation of the Ja-
cobian matrix. Due to the low number of components
the grouping strategy does not result in a signi�cant
decrease of the number of perturbations. For the model
of the boiler shown in �gure 8, the number of variables
is 182 and the number of groups is only 24.

The simulation of the gas turbine model only includes
the global variables presented in section 2. During post
processing 91 additional outputs are found. Some im-
portant results of the calculation are shown in table 2.

Thermal ef�ciency (Hl ) 29.30 %
Thermal ef�ciency (Hh) 26.41 %
Fuel mass �ow 0.02 kg/s
Air Excess ratio 2.7 -
Compressor outlet temperature 362.67 °C
Turbine outlet temperature 681.25 °C
Fuel exergy input 1123.4 kW
Flue gas exergy loss 379.1 kW

Table 2: Output of gas turbine simulation

8 Conclusion

The paper has given an overview of the features of the
simulation program DNA. Some of the features have
been demonstrated by examples of gas turbine mod-
elling. From the work with the program during the
last 15 years we conclude that we now have a sim-
ulation tool which may have several unique features.
The recent development of the program with focus on
integration with Matlab may make the program more
interesting as a simulation engine for new users, pri-
marily, because the design of a control system may
easily be done with Matlab.
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A DNA Code for gas turbine model

TITLE Gas turbine

STRUC Compressor COMPRE_1 1 2 301 101 .8 1.0
MEDIA 1 STANDARD_AIR
ADDCO P 1 1 T Compressor 1 25 M Compressor 1 1
ADDCO P 2 10
START T Compressor 2 300 Q Compressor 301 1

STRUC Burner GASBUR_2 2 10 3 302 1200 .98
MEDIA 10 fuel 3 FlueGas

fluid fuel CH4 0.98 C3H8 0.02

ADDCO Q Burner 302 -10 T Burner 10 25 P 10 20
START Y_J FlueGas O2 .1 Y_J FlueGas N2 .9
START M Burner 10 .1

STRUC Turbine TURBIN_1 3 4 103 .85
ADDCO P 4 1
START T Turbine 4 200


