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Abstract

The open Modelica library ThermoPower for the sim-
ulation of thermal power plants is presented, by illus-
trating the modelling principles and the main features
of the developed models. The library has been vali-
dated against experimental data coming from a labora-
tory drum boiler, and the main results are shown in the
paper. The library, plant model, and validation data are
publicly available through the Web.

1 Introduction

Dynamic simulation plays a key role in the design of
the control system of thermal power generation plant,
in particular when innovative design efforts are under-
taken. There is a long track of research and engineer-
ing effort in this field, dating from the pioneering paper
[8] through [10, 14, 1, 13] and numerous other works.
Also, many software packages have been developed
in the academic as well as commercial field, see e.g.
[4, 7, 19, 3, 2, 20, 17, 11, 15] and, in particular, [16].
Commercial modelling tools often suffer from the
drawback of being opaque: it is not clear to the user
which equations are actually been used to describe
a certain component, and it is hard, if not impossi-
ble, to incorporate the user’s specific know-how in the
model library [6]. Conversely, in university laborato-
ries many tools have been developed, in which the user
has full control over the model equations; however,
due to the intricacies of modelling thermo-hydraulic
systems and to the difficulty of integrating the corre-
sponding equations [14], ad-hoc modelling paradigms
and software packages are employed, which are nei-
ther interchangeable nor interoperable with each other,
not to mention their actual availability.
Moreover, when it comes to validating the models, it
is very difficult to obtain complete and accurate ex-
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perimental data sets from real plants [12]. Therefore,
there is a strong need for shared and agreed-on mod-
els, which can be actually run by by currently avail-
able simulation tools, as well as of benchmark data for
model validation. The adoption of the Modelica lan-
guage is a great opportunity in this direction.
The goals of the research work presented in this paper
can be summarised as follows.

1. Develop an open Modelica library for the mod-
elling of thermal power plants based on first prin-
ciple models, which is highly readable and ex-
tensible, and where models of the same physical
component with different level of detail may co-
exist.

2. Demonstrate that models of real-life complexity
can be dealt with by current Modelica tools.

3. Validate the library against experimental data
from a laboratory plant.

4. Make the library code and the experimental data
available to the scientific community.

The paper is organised as follows: Section 2 sum-
marises the principles by which the entire library has
been structured; Section 3 discusses the modelling
assumptions and the main features of the developed
models, while Section 4 is devoted to a brief descrip-
tion of the laboratory plant and of the experimental
data set; in Section 5, the main results obtained with
the plant simulator are shown. Conclusions and per-
spectives for future work are given in Section 6.

2 The library principles

This section outlines the principles of the presented li-
brary, motivating the adoption of Modelica as the host
environment. A more detailed discussion is reported in
[6], to which the interested reader is referred, while a
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longer explanation of the modelling principles adopted
in the library can be found in [13].

Use of first-principle equations. The equations of
the library models are derived from mass, energy and
momentum balances, and (when necessary) from well
established empirical correlations. Therefore, all the
quantities involved in the models can be given a phys-
ical meaning.

Openness and transparency. The features of Model-
ica are exploited to obtain a code that tightly matches
the way describing equation are written on paper. This
greatly facilitates documenting and maintaining the li-
brary, and allows the users to understand exactly what
they are simulating. Also, Modelica’s powerful syn-
tax can be exploited to investigate different modelling
options quickly, and the inherently open nature of the
environment permits modifications and improvements
with a limited effort.

Readability-reusability trade-off. The inheritance
mechanism is used sparingly, and with great care.
Even though inheritance appears very attractive when
structuring a component library, it is very difficult to
define sufficiently general basic models in the appli-
cation domain addressed here. Moreover, in a com-
plex hierarchy of models, modifying the equations of
some ancestor could have unexpected effects on the
siblings, potentially impairing readability, not to say
correctness. Since even fairly complex models can be
described with a few dozen lines of code, it is advis-
able that the behaviour of a single component be de-
scribed in a single place, rather than scattered through
many different classes. Inheritance should be limited
to the definition of ‘prototype’ components, i.e. par-
tial classes containing connector declarations and aux-
iliary equations such as ∆p = pin − pout . In the library
there is one notable exception to this design principle,
see section 3.4.1.

Partial Differential Equations. For the purposes of
this work, models based on 1-dimensional partial dif-
ferential equations are needed, which are not sup-
ported by Modelica in their native form. Therefore,
such equations are reduced to ordinary differential
ones by appropriate methods (e.g. finite volumes, fi-
nite elements) prior to their insertion in a Modelica
model.

Standard interfaces. In the library, connectors are de-
signed so as to be totally independent of the modelling
assumptions adopted for the component. The same ter-
minals are used no matter whether the fluid is assumed
to be one- or two-phase, the model is lumped- or
distributed-parameter, the momentum balance is static

or dynamic, the cross-sectional fluid velocity distribu-
tion is uniform or not, the phases in two-phase flows
are assumed to have the same velocity or not, and so
forth. To clarify with an example, we report the defini-
tion of the waterFlangeA and waterFlangeB con-
nectors, which describe the flanges of the components
that carry a water/steam flow:

connector WaterFlangeA
Pressure p;

flow MassFlowRate w;
input SpecificEnthalpy hBA;

output SpecificEnthalpy hAB;
end WaterFlangeA

connector WaterFlangeB
Pressure p;

flow MassFlowRate w;
input SpecificEnthalpy hAB;

output SpecificEnthalpy hBA;
end WaterFlangeB

In the code p is the fluid pressure, w is the mass
flowrate entering the component, hAB and hBA are the
specific enthalpies of the fluid in case its direction is
from an A-type flange to a B-type flange and vice-
versa. Correct models are obtained by always connect-
ing two flanges of complementary type. These connec-
tors allow to deal with flow reversal in a very straight-
forward way, as witnessed by the following code de-
scribing a simple constant-volume vessel.

model SimpleMixer
parameter Volume V=0 "Inner volume";
FlangeA in; FlangeB out;
Pressure p; Density rho;
SpecificEnthalpy h,hi,ho;
DerDensityByPressure drdp;
DerDensityByEnthalpy drdh;

equation
(rho,drdp,drdh) = prop_ph(p, h);
V*(drdp*der(p)+drdh*der(h)) = in.w+out.w;
V*((h*drdp-1)*der(p)+(rho+h*drdh)*der(h)) =

in.w*hi+out.w*ho;
hi = if in.w >= 0 then in.hBA else h;
ho = if out.w >= 0 then out.hAB else h;
in.hAB = h; out.hBA = h;
in.p = p; out.p = p;

end SimpleMixer;

The paradigm of connectors is exploited to standardise
also the interfaces involving 1-dimensional distributed
quantities used in modelling components like heat ex-
changers. Such connectors are characterised by a num-
ber of uniformly spaced nodes, and contain the nodal
values of the quantities under question, no matter how
the spatial discretisation is dealt with inside the com-
ponent. An example is the DHT connector, whose defi-
nition is

connector DHT;
parameter Integer N=2 "Number of nodes";
Temperature T[N];
flow HeatFlux phi[N];
end DHT;
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Flexible level of detail. Encapsulation is exploited to
allow for models with different degrees of detail, and
fully interchangeable. This means that, in different sit-
uations, the same component or part of the plant can
be modelled with different detail levels, with a small
effort on the part of the analyst.
Substance property calculation. Medium models for
water, steam, and ideal gas mixtures are already pro-
vided by the free Thermofluid library [21]. Simula-
tion efficiency could possibly be increased by using
third-party property calculation packages written in C
or FORTRAN. The library is open to such extensions.
Models for different fluids. It would be possible
to make the equations of a component highly in-
dependent of the fluid contained, thus reducing the
total number of library components. This is not very
convenient for the presented library, however. In
thermal power plants there are essentially two fluids
(water/steam and ideal gas mixture), and the thermo-
hydraulic phenomena involving these fluids are
described by equations that can be very different also
from the structural standpoint. Therefore, attempting
to write equations in a ‘general’ form involves a
significant complication of the equations themselves.
It is preferable to write specialised models for the two
fluids, and this is the approach adopted. The same
specialisation applies to connectors, of course.

A great number of modelling environments and li-
braries for power plant simulation are available in the
literature, see e.g. [4, 7, 19, 2, 20, 11, 15, 5], and in the
last years several were developed within the Modelica
environment (a remarkable example is [21]). There is
not the space to give an exhaustive review here. How-
ever, two peculiarities of the proposed modelling ap-
proach, and therefore of the library, are worth point-
ing out. The first, as already mentioned, is the ‘flat’
structure of the model hierarchy, aimed at maximis-
ing the readability. The second is that, by writing the
models as is done here, one can (but is not obliged to)
reach the maximum level of detail that is advisable for
simulations aimed at system-oriented studies, i.e., for
example, at the synthesis and validation of the control
system.

3 Developed models

3.1 Boundary conditions

Ideal pressure sources and sinks have been defined
(SourceP, SinkP), as well as mass flowrate sources

and sinks (SourceW, SinkW); note that the difference
between source and sink is purely conventional, as
both of them can handle flow in either direction. Hy-
draulic and thermal variables can be either constant, or
determined by external signals.

3.2 Branching components

Flange terminals only support connection of
two components; therefore, the FlowJoin and
FlowSplit components are provided to model flow
branching. The model are based on static mass and
energy balances equations, supporting all the feasible
flow directions and avoiding numerical singularities.

3.3 Elementary physical components

3.3.1 Valves

The ValveLiq and ValveVap models are based on
the standard IEC 535 sizing equations for valves with
liquid and vapour flow, respectively; critical flow can
be modelled in both cases, as well as check valve be-
haviour. Flow reversal is supported, avoiding numer-
ical singularities for small or zero pressure drop. The
opening characteristic can be customised.

3.3.2 Mixers, collectors, tanks

The Mixer and Collectormodels are based on stan-
dard mass and energy balances, assuming uniform
pressure and temperature in the control volume; they
differ only by the number of connecting flanges. Heat
exchange with the metal wall can be also accounted
for. Tank models a gas-pressurised tank, with gas
charge and discharge valves.

3.3.3 Pumps

Since storage of mass and energy are negligible, the
PumpMechmodel is expressed by algebraic character-
istic equations derived from the manufacturer’s design
data, that relate the pump head and the resistant hy-
draulic torque applied by the fluid to the shaft to the
rotation speed and the volumetric flow rate. A boolean
parameter allows to account for the total rotor inertia,
when required. It is also possible to use the simpler
model Pump, where the rotation speed is an input sig-
nal, the hydraulic torque is not computed, and a con-
stant efficiency is assumed to determine the enthalpy
difference between the inlet and the outlet.
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Figure 1: Steam drum.

3.3.4 Drum

The Drummodel is the core of drum boilers models [9,
14]. In order to describe correctly the dynamics of fast
transient, the model does not assume that the liquid
and vapour phase are in thermodynamic equilibrium,
i.e. at saturation state. Referring to figure 1, the basic
equations are mass and energy balances for the liquid
and vapour phases:

dMv

dt
= wrv +wev −wv−wc−wcs (1)

dMl

dt
= wf +wrl +wc +wcs−wd −wb−wev (2)

dEv

dt
= wrvhrv +wevhvs −wvhv −wchls −wcshvs +

+Qmv−Qvl − p
dVv

dt
(3)

dEl

dt
= wf h f +wrlhrl +wchls +wcshvs −wdhd +

−wbhl −wevhvs +Qml +Qvl − p
dVl

dt
(4)

dEm

dt
= −Qml −Qmv−Qme, (5)

where Mv, Ml , Ev, El, Vv, Vl are the mass, internal
energy, and volume of the vapour and liquid phase
holdups, Em is the thermal energy of the metal wall,
p is the drum pressure, w is a mass flowrate, h is a
specific enthalpy, Q is a heat flow. The meaning of
the subscripts is: rv: risers (vapour fraction), rl: risers
(liquid fraction), l: liquid phase, v: vapour phase, c:
condensation, cs superficial condensation, ev: evapo-
ration, f : feed, d: downcomer, b: blowdown, vs: satu-
rated vapour, ls: saturated liquid.
The bulk and superficial condensation flowrates, evap-
oration flowrate and convective heat exchange be-
tween the two phases are computed according to

wc =
(1− xv)ρvVv

τc
(6)

wcs = KcsAsup(Ts(P)−Tl)) (7)

wev =
xlρlVl

τev
(8)

Qvl = KsupAsup (Tv −Tl) (9)

where ρl , ρv, Tl, Tv are the liquid and vapour densities
and temperatures, xl , xv are the steam qualities in the
liquid and vapour phases, τc, τev are suitable time con-
stants, Asup is the area of the liquid surface, and Kcs,
Ksup are suitable coefficients. The (non ideal) phase
separation at the risers outlet is modelled as follows:
hrl is the saturated liquid enthalpy at the drum pres-
sure, while hrv is such that the corresponding steam
quality is 1− (ρv/ρl)α.
The model is implemented in order to have the follow-
ing state variables: drum pressure, liquid and vapour
enthalpy, level, and metal wall temperature.

3.4 Building blocks for complex components

3.4.1 1-dimensional fluid flow

The Flow1D model describes the 1-dimensional flow
of single-phase water in a tube of constant cross-
section. The basic equations are the distributed-
parameter mass, momentum, and energy balances:

A
∂ρ
∂t

+
∂w
∂x

= 0 (10)

∂w
∂t

+A
∂P
∂x

+ ρgA
dz
dx

+
Cf ω
2ρA2

w|w| = 0 (11)

ρA
∂h
∂t

+ ρAu
∂h
∂x

−A
∂p
∂t

= ωϕ (12)

where ρ is the fluid density, w is the mass flowrate, p is
the pressure, A is the tube cross-section, g is the accel-
eration of gravity, z is the elevation, Cf is the Fanning
friction coefficient, ω is the tube perimeter, u is the
fluid velocity, h is the fluid enthalpy and ϕ is the heat
flux entering the tube across the lateral surface. Equa-
tions (10)–(11) describe the fast pressure and flowrate
wave dynamics, while Eq. (12) describes the slower
dynamics of heat transport with the fluid velocity; the
equations are then discretised with the finite volume
method, considering a single volume for the former
two (which need a coarser approximation in the fre-
quency range of interest for power generation models),
and many volumes for the latter.
Among the relevant features of this model, the follow-
ing ones are worth mentioning: flow reversal is fully
supported; the dynamic momentum term ∂w/∂t can be
switched off to avoid fast pressure oscillations; the Cf

coefficient can be either constant or computed by the
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Colebrook equation; the compressibility effect result-
ing from the finite volume approximation of (10) can
be associated to either the upstream or downstream
pressure; a bank of identical tubes in parallel can also
be modelled.
The Flow1D2ph model can also deal accurately with
two-phase flow; although being based on the same
equations (10)–(12), the significant differences with
respect to to Flow1D suggest writing two completely
independent models.
The Flow1DDB model extends (in Modelica’s terms)
Flow1D by also computing the heat transfer coeffi-
cient γ via Dittus-Bölter’s equation; correspondingly,
the DHT connector (which is replaceable) is substituted
bye the extended DHThtc connector, which makes the
values of γ visible to the outside. To describe the su-
perheater, where the fluid is slightly wet or superheated
steam, the Flow1D2phDB model was created, which
still computes the heat transfer coefficient with Dittus-
Bölter’s equation, but accounting only for the vapour
fraction.

3.4.2 Pressure drop

The PressDrop model provides the model for a
generic pressure drop proportional to the kinetic pres-
sure. The equation is modified by adding a small
linear term, to avoid singularities with small or zero
flowrates, thus reading:

pin − pout =
Kf (|w|+Kl)w

ρ
(13)

The same modification also applies to the models de-
scribed in section 3.4.1.

3.4.3 Metal wall

The MetalWallmodel describe a generic cylindrical
metal wall, accounting for the thermal resistance due
to heat conduction; the heat storage due to thermal ca-
pacity is associated to the mean wall temperature (in
the radial direction). More sophisticated models could
be derived to better reproduce the actual radial temper-
ature dynamics, e.g. in thermal stress studies.

3.4.4 Heat exchange modules

The heat flux exchanged between two (or more) ob-
jects, such as a fluid flow and a metal wall, is in general
a function of the corresponding surface temperatures;
therefore, it can be computed by a model interfaced via
DHT connectors. The ConvHTe and ConvHTc models

Figure 2: The laboratory plant.

provide simple examples for co-current and counter-
current 1D configurations, with given heat exchange
coefficient γ. ConvHTe gamma extends the former by
using a variable value of γ, provided by the connected
object through its DHT gamma connector. More com-
plex configurations can be easily described with a few
lines of code.

3.5 Complex physical components

A whole range of heat exchanger models can be as-
sembled using the components described in Section
3.4, depending on physical configuration, operating
conditions and desired degree of detail. None of these
models probably deserves to be included in the library
as such; if a specific aggregate model is to be used
many time, the user can easily define it as a new model
inside his plant model. Some of them may neverthe-
less be included in the library to serve as examples.

4 The laboratory plant and data

4.1 Overview

The laboratory plant employed to validate the pre-
sented library is a physical model of the evaporating
section of a heat-recovery boiler, with a power scaling
factor of 1:600. The laboratory plant layout is shown
in fig. 2.
To be precise, only the circulating loop of the labo-
ratory plant exactly reproduces the thermo-hydraulic
conditions of the real boiler. The other components
(preheater, valves, pumps, etc.) provide the correct
boundary conditions for the evaporator. In particular,
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Figure 3: The available plant measurements.

the superheater supplies the necessary (limited) steam
superheating to allow a reliable measurement of the
steam flow upstream of the throttling valve.

The steam generation takes place at a nominal oper-
ating pressure of 60 bar, as in the real plant. The
evaporator is made of six electrically heated parallel
tubes, one downcomer and a vertical-axis drum, plus
the necessary headers and connection tubes. A feed-
water valve may be used for drum-level control, and
the throttling valve to control the drum pressure. The
heat rate to the evaporator is modulated by a power
regulator.

The relevant process measurements are summarised in
fig. 3; the measurement of the electric power released
to the evaporator is also available.

4.2 Plant tests

Many static and dynamic tests were performed on the
plant. These tests are plant responses obtained by im-
posing step variations to the evaporator electric power,
the throttling valve position, and the feed-water con-
trol valve position. During these tests, the plant was in
an open loop. Step variations were given, starting from
two different sets of steady-state conditions: the for-
mer at high load (around 100% of the maximum load),
and the latter at about half load. The boiler pressure
was kept nearly proportional to the load: full-load tests
were done at about 60 bar, and half-load tests at about
30 bar. Step variations were always imposed both up-
wards and downwards, their amplitude being in the
range 10-15%. Altogether, seventeen step-response
tests were executed and logged.

4.3 Data reconciliation

Experimental data coming from the tests were anal-
ysed, in order to build a consistent database. The
main problem evidenced was a discrepancy between
the feed-water and the superheated steam flow rate
measurement. Those flow rates must balance at any
steady state, as even a small imbalance causes a signif-
icant modification of the drum-level transients. Hence,
it is very important that the corresponding measure-
ment errors be corrected. In the case at hand, it is as-
sumed that the feed-water flow is error-free (it is in
fact much more accurate than the steam flow measure-
ment).
On the basis of steady-state measurements, the cal-
ibration constant of the instrument was recomputed.
Moreover, to compensate for unpredictable measure-
ment errors, the record of steam flow rate relative to
every step response was biased, so as to impose per-
fect balance at the initial steady state.
A further problem is that the heat rate to the super-
heater (supplied by an electrical resistor) is not mea-
sured. At any steady state, the heat rate Q may be
estimated by means of the thermal balance

Q = wv (hv(pv,Tv)−hd) , (14)

where wv is the superheated steam mass flow rate, hd

the fluid enthalpy at the drum outlet, and hv(pv,Tv) the
steam enthalpy at the superheater outlet, evaluated at
the local steam temperature Tv and pressure pv. Unfor-
tunately, hd is not easy to evaluate because the fluid at
the drum outlet is generally wet steam, whose quality
xd is close to one, but unknown. It has been assumed
that the steam quality is 1, and hd = hvs(pd), where
hvs(pd) is the vapour saturation enthalpy at the drum
pressure pd . Note that a (realistic) wetness of 3%, at
60 bar, yields hvs(pd))− hd ≈ 47 kJ/kg, i.e. a tem-
perature difference of about 14◦C at the superheater
outlet. In addition, the analysis of experimental data
shows that xd is not constant when the operating con-
dition is changed, but the information available is not
sufficient for deriving an empirical correlation for xd .
This is the most important uncertainty in the experi-
mental data, that could not be removed. Fortunately,
this uncertainty is relevant only for the superheated
steam temperature, while it is almost negligible for the
evaluation of the other process variables. The heat rate
to the superheater was generally kept constant during
any dynamic test. Therefore, its value was computed
from the initial steady state, using (14) and the approx-
imation hd ≈ hvs(pd).

 F. Casella, A. Leva                        Modelica open library for power plant simulation: design and experimental validation 

 

 The Modelica Association                                                                                         Modelica 2003, November 3-4, 2003



The experimental data records, completed with the
corrected steam flow rate and the superheater heat rate,
were assumed as the validation database.

5 Experimental validation

5.1 The simulation model

The Modelica diagram of the simulation model is
shown in figure 4. This model proves that cases of re-
alistic complexity (i.e., hundreds of differential equa-
tions) can be treated effectively. There is not the space
to give details. For further information, the reader is
referred to the library and model code.

5.2 Model calibration

Steady-state measurements were used to estimate the
process parameters affected by an intrinsic uncertainty,
i.e. the friction coefficients for the different compo-
nents in the circulation loop, the friction correlation in
the superheater, and the heat losses of the evaporator.
For the evaporator, it was assumed that friction obeys
to Colebrook’s law, and a concentrated pressure drop
was introduced upstream of the evaporating tubes, to
account for the flow measurement orifices and other
flow discontinuities. A multiplicative corrective co-
efficient was introduced in the second flow equation,
and was calibrated with steady-state data to match the
circulation flowrate.
The calibration of the friction correlation for the su-
perheater was done selecting the tube roughness so
that the relation between the Reynolds number and the
friction coefficient matched the points computed from
experimental data. As for the evaporator heat losses,
considering the evaporator thermal balance at different
steady states, it was found that the experimental data
fit the formula

Qlost = k (Twd −Tamb) , (15)

where Qlost is the lost heat rate, Tamb the ambient tem-
perature, and Twd the drum metal wall temperature.
Note that Qlost is typically around 10% of the input
electrical power, and varies significantly with the drum
pressure.

5.3 Individual validation of components

Individual validation of a component can be carried
out for components when the available measurements
supply complete boundary conditions for that compo-
nent. In the case presented, only the model of the

chocked-flow valve could be validated individually,
since all its boundary conditions (inlet steam pressure,
flow rate and temperature) were measured.

5.4 Global validation of the plant model

The global validation of the whole plant model is
aimed specifically at the analysis of relevant alterna-
tives in terms of component modelling and overall
model structuring. In the following the validation tests
are listed, together with the results achieved from the
point of view of modelling. It is important to notice
that the tests were made in open loop and applying step
stimuli: this leads to very informative results on the
model correctness, as no control system can conceal
discrepancies between the model outputs and experi-
mental data, and the stimuli cover a frequency range
wide enough to evidence the model behaviour with re-
spect to phenomena that are ‘fast‘ with respect to the
dominant plant dynamics. It is also worth stressing
that the model was calibrated only once (at high load),
and no modification to the model parameters was made
to perform the various simulations presented.

5.4.1 Heat rate steps

Negative step variations were applied at high load to
the electrical power fed to the heating system. Feed-
water was not regulated, so the pressure variation due
to the heat rate perturbation caused also a variation of
the feed-water flow rate. To reproduce the actual con-
ditions, the simulator was fed with the measured feed-
water flow rate as an input.
The main result is that the process behaviour is re-
produced very accurately, except for the superheated
steam temperature. Its measurement is very noisy,
however, and its variations are comparable with the
errors due to uncertainty on the steam quality at the
drum outlet. Recall also that the heat rate released to
the superheater is not measured. These facts confirm
that the uncertainty exists, is relevant, cannot be elimi-
nated with the available measurements, but is confined
to the outlet steam temperature.
An example of these tests is shown in figures 5 and
6, depicting the drum pressure and level transients, re-
spectively. Notice that the pressure dynamics are re-
produced correctly over the frequency range that is in-
teresting for control (corresponding to a typical time
scale of some tenth or a few hundreds of seconds).
This is true thanks to the non-equilibrium model of the
drum.
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Figure 4: Modelica diagram of the simulation model.
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Figure 5: Drum pressure transient for a -10% heat rate
step at high load (simulated vs. experimental data).

5.4.2 Throttling valve steps

Responses to positive and negative throttling valve
steps, both at high and low load, showed good agree-
ment between the model output and data. For the rea-
son above, in these tests the feed-water flow rate (that
acts as a disturbance) was an input for the simulator.
In particular, the non-equilibrium phenomena repre-
sented in the drum model allow to reproduce both low-
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Figure 6: Drum level transient for a -10% heat rate
step at high load (simulated vs. experimental data).

and mid-frequency dynamics in the pressure responses
correctly, and are necessary for this purpose, as wit-
nessed by the effects of the involved parameters (e.g.,
τev) on the responses. Also the effects of thermal ex-
changes between the fluid in the drum and the drum
metal wall were investigated, showing that the corre-
sponding heat transfer coefficient has a significant in-
fluence on the superheated steam temperature. This
phenomenon is often neglected in the simulation mod-
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Figure 7: Drum pressure transient for a throttling valve
step leading to a 13% pressure reduction at low load
(simulated vs. experimental data).

els proposed in the literature.
Figures 7 and 8 reports the drum pressure and the level
transients in one of these tests, namely a negative valve
step at low load, and confirm the considerations made
in the previous section. Notice that in this particular
transient bulk boiling actually takes place within the
liquid drum subvolume.

5.4.3 Feed-water valve steps

Positive and negative feed-water valve steps were ap-
plied. Figure 9 shows the drum level transient in one
of these tests, demonstrating good accordance between
model and data.

6 Conclusions and work in progress

An open Modelica library for the simulation of ther-
mal power plants has been presented. The library has
been used to build a high-fidelity model of a labora-
tory drum boiler, which has been successfully vali-
dated against available data.
The library has been conceived in order to emphasise
model readability and extensibility; it contains a lim-
ited number of components which nevertheless allow
modelling a wide range of different physical compo-
nents. It should be stressed that the Modelica language
allowed translating sophisticated modelling concepts
into working code with remarkable ease.
The library is being released to the public, and is open
to contribution from other research groups (see URL:
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Figure 8: Drum level transient for a throttling valve
step leading to a 13% pressure reduction at low load
(simulated vs. experimental data).

http://www.elet.polimi.it/upload/casella/thermopower/).
The benchmark boiler model together with the experi-
mental data is being released as well.
The development of component models using gases as
working fluid (compressor, turbine, combustion cham-
ber, basic components for heat exchangers etc.) and of
finite element models for the 1-dimensional fluid flow
model is planned for the near future. It could also be
interesting to investigate the combined use of the Ther-
moPower library with control libraries and electro-
mechanic libraries to build complete models of power
generation equipment.
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