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Simulation of transient two-phase flow
in parabolic trough collectors using Modelica

Dipl.-Ing. Tobias Hirsch Dr.-Ing. Markus Eck Dr.-Ing. Wolf-Dieter Steinmann
German Aerospace Center, Institute of Technical Thermodynamics

Pfaffenwaldring 38-40, 70569 Stuttgart

Abstract

Parabolic trough power plants are a very promising op-
tion for the generation of electricity from renewable
energy resources. The Modelica library ’DissDyn’ is
developed to study the transient behaviour of the two-
phase flow inside the absorber tubes of such plants.
Equations are based on a homogeneous equilibrium
model for the pipe flow with axial discretization. The
advantages of manually transforming the equations
into explicit state space form are shown. The models
are validated with analytical solutions and measured
data. Using test signals for disturbances in solar irra-
diation important information on the liquid loads on
field separator and drainage system are gained. By
adding feed-forward control schemes it is shown that
these loads can be reduced significantly.
Keywords: solar thermal power plant; two-phase
flow; simulation; renewable energy; absorber tube

1 Introduction

One way of generating electricity from renewable en-
ergy resources is the collection of solar radiation to be
used in solar thermal power plants. Today’s only com-
mercially operated solar power plants in the Mojave
Desert in California are based on a parabolic trough
collector field. A synthetic oil is heated in the ab-
sorber tube and generates steam of 10 MPa/370◦C in
a heat exchanger unit. The steam is used to run a
conventional steam turbine. Current research activi-
ties [1] are dealing with the direct solar steam (DISS)
generation in the absorber tube itself. Improvements
are expected by omitting the heat exchanger unit and
allowing for higher steam temperatures thus leading
to an increase in turbine efficiency. To avoid ma-
terial problems caused by an undefined end of the
evaporation section the collector loop is divided into
two sections, see fig. 1. The evaporation section is
run with a water surplus which has to be separated

from the steam before the entrance into the superheat-
ing section. In the current design realized at a DISS
test loop in Almeria (Spain) a maximum of 1.2 kg/s
of superheated steam at 3 to 10 MPa and 400◦C is
obtained from one collector loop. For the first pre-
commercial power plant with this technology the dy-
namic behaviour of the system determines the design
of key components like compact field separators and
the underlying drainage system. A dynamical simula-
tion tool based on the Modelica language is developed
to study the effect of irradiation disturbances and to
evaluate different control strategies. For the assembly
of the final system and the numerical integration the
Dymola program is used.

pre-heating/evaporation

recirculation line

irradiation

feed water line turbinecondensor

super-
heater

buffer

compact phase separator

Figure 1: Configuration of a parabolic trough solar
power plant with direct steam generation

2 Two-phase flow model equations

The central part of the model library is the fluid dy-
namical model of the two-phase flow in the absorber
pipes. In the following the underlying assumptions
and model equations are presented. For complex mod-
els it is advantageous and in this case necessary that
the selection of state variables is done by the program-
mer and not by the symbolic transformation tool Dy-
mola. It is shown that the combination of pressure and
specific enthalpy is the best choice for the state vari-
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ables of the fluid elements. The benefits of this manual
selection of states and transformation of equations are

• stable and numerically efficient simulation

• independence of system assembly

• reliable initialization procedure

• well defined closure equations.

2.1 Conservation equations

Depending on the location along the collector loop dif-
ferent flow regimes are found in the absorber tube.
Starting with single-phase liquid flow in the preheat-
ing part the flow changes into two-phase flow as soon
as saturation conditions are reached. In the super-
heating section the flow is again single-phase. Su-
perheating conditions also occur in the evaporator sec-
tion when the end of the evaporation section drys out
due to irradiation transients. Therefore the simulation
model must be able to simulate the flow in the three
regimes but also the transition between them. With a
length of about 1000 m pressure losses in each loop
are significant Fluctuations in irradiation cause large
changes in mass flow and, as a consequence, in abso-
lute pressure in the field. For this reason it is neces-
sary to use pressure-dependent properties for the fluid.
It is assumed that the flow is homogeneous over the
pipe cross-section. In the two-phase region equal ve-
locities and temperatures of water and steam phase
are assumed (homogeneous equilibrium model). The
simulation model is intended to study effects result-
ing from mass and energy transport which are much
slower than the propagation of changes in pressure.
Therefore infinite velocity of propagation is assumed
for the pressure. This reduces the momentum equation
to a stationary momentum balance for frictional pres-
sure losses. The fundamental equations for conserva-
tion of mass, energy and momentum for the control
volume shown in fig. 2.1 thus yield

∂ρ
∂t

+
∂
∂z

(ρw) = 0 (1)

∂
∂t

(ρu)+
∂
∂z

(ρwh) =
Q̇
V

(2)

∂p
∂z

= ∆p . (3)

The system is completed by the energy equation

AW ρW cW
TW

∂t
= Q̇ext − Q̇ (4)

for the surrounding pipe wall.
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Figure 2: Three control volumes for pipe flow.

2.2 Selection of states

Two variables are sufficient to fully describe the state
of the fluid element. The careful choice of the state
variables is of essential importance since it determines
the structure of the final system of equations. For this
work the state variables pressure p and specific en-
thalpy h are chosen for the following reasons. All
fluid properties can be expressed as a polynomial func-
tion of p and h. Using temperature T instead of h
is not possible since temperature and pressure are di-
rectly linked in the two-phase region. The steam frac-
tion ẋ can not be used since it is not defined in the
single phase regions. Friction losses cause a conver-
sion of mechanical into thermal energy while the sum
of both h = u + p/ρ stays the same. By using spe-
cific enthalpy as a state, pressure loss terms can easily
be defined by just changing the pressure and leaving h
constant. The most important advantage of this selec-
tion is that spatially discretized systems will result in a
set of de-coupled equations while a choice of e.g. mass
flows and specific enthalpy leads to a coupled system.
Using the fluid property functions

ρ = ρ(p, h) (5)

u = u(p, h) (6)

and average fluid velocity

w =
ṁ

0.25 π d2 ρ
(7)

the system of equations (1) to (2) can be rewritten ex-
plicit in the time derivatives

∂h
∂t

= fh
(

h, p, Q̇, ṁ
)

(8)

∂p
∂t

= fp
(

h, p, Q̇, ṁ
)

. (9)
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From these equations explicit state space form can be
obtained by replacing ṁ with an inverse pressure loss
relation and Q̇ with a correlation for heat transfer.

2.3 Fluid properties

Properties of fluids are defined for three re-
gions, namely single phase water (region 1), two-
phase water-steam (2) and single-phase steam (3) in
the range 3 MPa < p < 12 MPa and 100 ◦C < T <

500 ◦C. Since state variables p and h are pre-selected
all properties can be expressed as polynomial function
of these variables. In the two-phase region the steam
fraction x is defined as

x =
h−h′

h′′
−h′

. (10)

with the specific enthalpies at saturation implemented
in polynomial form

h′(p) = a0 +a1 p+a2 p2 +a3 p3 (11)

h′′(p) = A0 +A1 p+A2 p2 . (12)

The density in liquid and gas phase is approximated
by polynomials of pressure and enthalpy

ρl(p,h) = b0(p)+b1(p)h+ . . .+bn(p)hn (13)

ρg(p,h) = B0(p)+B1(p)h+ . . .+Bn(p)hn(14)

with the coefficients

bi(p) = bi,1 +bi,2 p+ . . .+bi,m pm (15)

Bi(p) = Bi,1 +Bi,2 p+ . . .+Bi,m pm . (16)

Note that for the homogeneous model the steam frac-
tion x based on the control volume is the same as the
steam quality ẋ based on the mass flows of the two
phases. The mixture density in the two-phase region is
then given by

ρ(p, h) =

(

1
ρ′

+ x

(

1
ρ′′

−
1
ρ′

))−1

(17)

ρ′ = ρl(p,h′(p)) (18)

ρ′′ = ρg(p,h′′(p)) . (19)

This approach guarantees a continuous transition be-
tween the three regions. The calculation of tempera-
ture as function of pressure and enthalpy requires that
for a fixed pressure exactly the same temperature is ob-
tained when approaching the saturation line from the
liquid region and the gas region. For this reason poly-
nomial approximations are set up relativ to saturation
conditions,

Tl(p,h) = T ′ + c0(p)+ c1(p)(h−h′)+ . . . (20)

Tg(p,h) = T ′ +C0(p)+C1(p)(h−h′′)+ . . .(21)

For the calculation of the saturation temperature An-
toine’s law

T ′ =
TB

(

TA − log10

( p
100

)) −TC (22)

with the constants TA= 8.1, TB=1656.39, TC=223.2 is
used.
To complete the set of fluid property functions poly-
nomial approximations for the dynamic viscosity, spe-
cific heat capacity, heat conductivity and surface ten-
sion have been derived for both phases. These quanti-
ties are needed for the calculation of pressure losses,
and heat transfer coefficients. Table 1 gives an
overview on the order of the polynomials and the ac-
curacy achieved. High accuracy is desired for satura-
tion enthalpies to reduce the errors in calculating very
small steam fractions.

Table 1: Polynomial order of property functions and
accuracy in the range 3...11 MPa, 500...3500 kJ/kg

Variable Order in p Order in h Rel. error
h′ 3 0.2%
h′′ 3 0.02%
ρl 3 2 2%
ρg 2 3 0.5%
ηl 2 4 1%
ηg 1 2 1%
λl 2 3 1%
λg 2 3 1%
cp,l 2 3 1%
cp,g 2 4 1%
Tl 1 3 0.5%
Tg 3 3 0.5%

σ (T ′) 3 1%

2.4 Spatial discretisation

Regarding the whole collector loop, mass flow and
specific enthalpy at the inlet and pressure at the outlet
are given as boundary conditions. For the spatial dis-
cretization of equations (8) and (9) an upwind scheme
is applied for mass flow and specific enthalpy. Pres-
sure losses are concentrated downstream of the control
volume. Thus the equations yield for control volume i

∂hi

∂t
= fh

(

hi,hi−1, pi, Q̇i, ṁi, ṁi−1) (23)

∂pi

∂t
= fp

(

hi,hi−1, pi, Q̇i, ṁi, ṁi−1) . (24)
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2.5 Pressure loss

The mass flow terms in equations (23) and (24) have
to be expressed as function of the state variables. This
is realized by the inverse pressure loss relation

ṁi = ṁi (

pi, pi+1, hi) . (25)

To avoid implicit equations a pressure loss correlation
which can be solved analytically for ṁ is used [2].

2.6 Heat transfer

The heat flux Q̇ between wall and fluid is defined with
the wall temperature TW and the fluid temperature T in
control volume i

Q̇i = αi π d l
(

T i
W −T i )

. (26)

The heat transfer coefficient α can be calculated in
terms of the state variables

αi = αi (hi, pi, ṁi) (27)

with ṁi given in equation (25).

Replacing mass flow and heat flow terms in equa-
tions (23) and (24) the final simulation equations in
explicit state space formulation are obtained

∂hi

∂t
= fh

(

hi,hi−1, pi, pi−1, pi+1, T i
W

)

(28)

∂pi

∂t
= fp

(

hi,hi−1, pi, pi−1, pi+1, T i
W

)

.(29)

3 The DissDyn library structure

The library contains fluid-dynamic models for two-
phase flow in heated pipes as well as models for
components like tanks, phase separators, valves and
pumps. Models are added to convert the direct normal
irradiation into a heat flux on each absorber section.

3.1 Connector definitions

There are four different types of connectors currently
defined in the library:

MassFlow
m dot [kg/s] mass flow
h [J/kg] specific enthalpy
p [Pa] pressure

AmbData
t amb [◦C] ambient temp.
v wind [m/s] wind speed
alpha wind [deg] wind direction

SolarIrr
altitude [deg] altitude angle
azimuth [deg] azimuth angle
I Dir [W/m2] direct irradiation
I Diff [W/m2] diffuse irradiation

ParabolIrr
cosphi(n) [-] cos(φ)
alpha tr(n) [deg] track angle
I Dir(n) [W/m2] direct irradiation

This list is completed by the standard Modelica
Signal connector. All fluid-dynamic components
can be linked using the same connector MassFlow.
This connector is based on the definitions in the
TechThermo library developed at the institute [5]. The
other three connectors are used to transfer information
on solar irradiation and related quantities like incident
angles.

3.2 Solar irradiation models

The transformation of direct irradiation coming from
the sun into heat flux on the absorber tubes can be sub-
divided into three steps as illustrated in fig. 3. In the
SolarIrradiation model altitude and azimuth
angles of sun position are calculated based on the day
of the year, time of day and geographical latitude and
altitude. This component is prepared for the imple-
mentation of functions predicting the intensity of di-
rect as well as diffuse solar irradiation throughout the
day. At present, the magnitude of direct irradiation is
specified by an external signal source.
In the second stage the irradiation finally reaching the
individual collector is reduced by cloud coverage or
by taking the collector out of focus. In the model
ParabolicField the position and orientation of all
collectors in the field is stored which is used to calcu-
late the optimum track angle and the resulting incident
angle for each collector individually. The magnitude
of direct irradiation specified via the SolarIrr con-
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Signal-
source

Solar
Irradiation

Parabolic
FieldAbsorber 1

azimuth
altitude
I_Dir
I_Diff

I_Dir[n]
cosphi[n]
alpha_tr[n]

Absorber 2

Absorber i

1

23

Figure 3: DissDyn-components used to model the path
of solar energy from sun to absorber tubes

nector is reduced by a cloud coverage and focus infor-
mation of the collector. The focus signal of each col-
lector (range 0 to 1) can be read via the Modelica sig-
nal connector. Varying cloud coverage is represented
using an one-dimensional cloud coverage signal that
can be moved with arbitrary speed and direction over
the collector field as shown in fig. 4

coverage
s

vcloud

collector field

x

y

one-dimensional
cloud field

0
1

Figure 4: Cloud coverage

The final stage is the transformation of irradiation
reaching the collector into the effective heat flux on
the absorber tube. This task is implemented in the
absorber model where efficiency data for the indi-
vidual collectors are stored.

3.3 Absorber and pipe models

The model equations for two-phase flow in pipes pre-
sented in section 2 are used to construct models for
simple pipe flow and for the flow in absorber pipes
of parabolic trough collectors. The spatial discretiza-
tion can be defined by the number n of axial ele-
ments along the pipe section. This is shown schemat-
ically in fig 5. For the computation of heat losses
the ambient temperature is given via the AmbData-
connector. The absorber models have another con-
nector ParabolIrr by which information on actual
irradiation, incident angle and theoretical track angle
is provided. Since these values are constant along
one collector each absorber model is intended to

AmbData

21 3 4 5 6 7 8 9 n...

(only absorber)

M
a
s
s
F
l
o
w

M
a
s
s
F
l
o
w

ParabolIrr

Figure 5: Structure of absorber and pipe model

represent one collector. A row of collectors is com-
posed of a number of identical collectors and their in-
terconnecting pipes. For convenience reasons a model
collector Row is defined which holds a set of
absorber and pipemodels connected in series. All
relevant geometrical parameters for the absorber
and pipe model can be defined in this top level
model. The irradiation and ambient data information
is passed to each component as depicted in fig. 6.

AmbData

Pipe 1-2

ParabolIrr

Coll 1 Coll 2 . . . Coll n

M
a
s
s
F
l
o
w

M
a
s
s
F
l
o
w

Figure 6: Collector Row model as a collection of
absorber and pipe models

3.4 Fluid system components

The set of fluid models is completed by fluid system
components like

• phase separator

• T-junction for flow combination and distribution

• control valve

• pump

• tank .

Except of the phase separator model all of these com-
ponents are based on stationary conservation of mass
and energy.

3.5 Control system components

To implement control functionality Modelica control
models and specialized models are used. These mod-
els are linked by Modelica Signal connectors. Al-
though these models can in principle be constructed
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from Standard Modelica blocks new models are de-
fined in order to have direct access to all relevant vari-
ables within one model.

4 Validation

The validation of the fluid dynamic models is done in
two steps. First the simulation results with different
spatial discretization are compared with analytical so-
lutions available under special assumptions like con-
stant pressure. Since these assumptions are not valid
in the real system a direct comparison with measured
data from the DISS test loop is needed in the second
step.

4.1 Analytical models

Under some assumptions the set of conservation equa-
tions can be solved analytically by Laplace transfor-
mations [3], [4]. Using the same simplifications for
the simulation the correct implementation and consis-
tence of the simulation model can be checked.
Fig. 7 shows a comparison of transfer function in
terms of amplitude and phase response for a 20 m ab-
sorber pipe section under two-phase conditions. For
this comparison the reaction to a 1% step in irradia-
tion with a spatial resolution of 1 element and 20 ele-
ments have been simulated. The corresponding trans-
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Figure 7: Transfer function of a 20 m two-phase ab-
sorber section: calculated with analytical model (-),
simulated with discretization 1 element (- -), 10 ele-
ments (· · ·)

fer function is derived by Laplace transformation of
the change in specific enthalpy at the outlet. While the
simulation with just one element has large deviations
from the analytical solution a much better agreement
is obtained with high resolution of 20 elements indi-
cating the consistence of the simulation model.
Comparison in the time domain plottet in fig. 8 shows
that for high resolution nearly exact agreement is ob-
tained. This means that the remaining deviations in
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Figure 8: Step response to a 1% change in irradiation
for a 20 m two-phase flow absorber

amplitude and phase angle at frequencies of more
than 1/s are not serious for the system since the contri-
bution of these frequencies is very small. Although the
resolution with 20 elements gives nearly exact agree-
ment the simulation with 5 elements is also very close
to the analytical solution.
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Figure 9: Simulated step response to changes in irra-
diation of -500 W/m2 at t=1500 s and +500 W/m2

at t=3500 s. 100 m evaporator section with resolution
of 2.5 m (-), 10 m (- -), 33 m (-.-), 100 m (. .)

In Fig. 9 simulation results are shown for a 100 m
evaporator section with large changes in irradiation.
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These results are obtained without the simplifying as-
sumption of constant pressure. The curves show that
the result with the coarse resolution of 10 m is quite
close to the one with fine resolution. Comparisons are
preformed for the preheating and superheating section
as well giving similar results.

4.2 Comparison with measured data

Especially the assumption of constant pressure along
the absorber is not fulfilled if multiple collectors are
connected in series. The comparison with the analyt-
ical models on the basis of constant pressure is there-
fore not sufficient to validate the model. For this task a
direct comparison with measured data from the DISS
test loop is performed for several test days. As an ex-
ample the reaction of the 500 m collector row (425 m
preheater/evaporator, 75 m superheater) to irradiation
fluctuations is shown in fig 10 in terms of inlet pres-
sure, steam mass flow and steam temperature.
Though there is a small deviation in the absolute value
of inlet pressure the dynamic behaviour is well pre-
dicted. Steam production and temperature are in good
agreement which is also observed in the other test con-
figurations. Both the check with analytical models and
the direct comparison with measured data show that
the model assumptions, especially the homogeneous
equilibrium model are valid for this application.

5 Transient simulation of a collector
loop

The simulation model is used to simulate the reaction
of a collector loop to changes in irradiation. Since the
dynamical behaviour is dominated by the amount of
liquid evaporated, the 800 m boiler section alone is
analyzed in the first step with the superheater replaced
by an adequate pressure loss term. Constant boundary
conditions for feed water flow and enthalpy as well
as recirculation flow and enthalpy are imposed at the
collector inlet. At the outlet of the field the pressure is
fixed at 7 MPa.
Using measured irradiation data as input for the sim-
ulation is not useful when looking on general system
behaviour. Moreover comparison of results with other
researchers requires the same set of input data. This is
avoided if a simple test signal is chosen which repre-
sents the main characteristics of real irradiation distur-
bances. In this work three single disturbances in series
are used as a test signal, see fig. 11. This signal is de-
fined only by the two parameters interval length ∆t and

change of intensity ∆I. The time constant of the collec-
tor system is closely linked to the residence time in the
boiler section. Since the residence time for an 800 m
boiler is approximately 700 s a series of short distur-
bances provokes an overlap of the system reactions.
By using the test signal with three ramps the effects of
this overlap can be studied. On the other hand, if long
intervals are chosen a single isolated disturbance can
be analyzed.
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Figure 10: Measured (-) and simulated (· · ·) DISS
plant operation on June 26, 2001. Spatial Resolu-
tion 10 m.

5.1 Simultaneous disturbance on all collec-
tors

Fig. 12 shows the simulation results in terms of steam
and water mass flow at the exit of the evaporator sec-
tion. Irradiation disturbances act simultaneously on
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Figure 11: Test signal of three consecutive irradiation
disturbances.

all 8 collectors of the boiler. Three studies with three
different interval lengths are carried out. The inten-
sity for short interval length is 100%, for long inter-
vals only 70% in order to avoid reverse flow in the
pipes. From the steam signal it can be seen that it
takes about 700 s after the last disturbance to reach
again stationary conditions. With a maximum interval
length of 240 s all curves represent a superposition of
individual reactions.

interval length ∆t=30 s, intensity ∆I=875 W/m2
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Figure 12: Reaction of the 800 m evaporator section to
simultaneous irradiation disturbances on collectors 1-8
according to fig. 11. Plotted are steam and water mass
flow at the exit of the evaporator. Feed water 1.2 kg/s,
recirculation 0.25 kg/s, irradiation 875 W/m2, outlet
pressure 7 MPa.

The water flow shows large peaks with the maxima
located short time after the rising edge of the dis-
turbance. Since constant feed flow is injected at the
entrance of the collector water accumulates in the

system while irradiation is reduced. With increas-
ing steam production this additional water is blown
out and causes temporarily high liquid mass flux. In
the ∆t=30 s case two peaks appear in the water mass
flow signal. The first one immediately after irra-
diation increases and the second one with a delay
of about 700 s just before stationary conditions are
reached. While for short intervals (∆t=30 s, 120 s) the
second peaks of the three disturbances overlap and
form one large peak the single peaks can be identi-
fied for longer interval length (∆t=240 s). The max-
imum in liquid flow reached in this configuration is
about 2.5 kg/s which is 8 times the nominal value. This
results are very important to define the operating con-
ditions for the layout of the compact field separator
and the underlying drainage system.

5.2 Local disturbances

Small clouds can cause a local shading of just a num-
ber of collectors. Simulations are performed with as-
suming local shading of two collectors at a time. The
same test signal is used as before. An additional con-
figuration with a recirculation mass flow of 1.0 kg/s
instead of 0.25 kg/s is simulated to estimate the im-
pact of recirculation flow on the system dynamics.
Fig. 13 shows the results for a local shading of the pre-
heating section (collectors 1 and 2). From the steam
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Figure 13: Reaction of 800 m evaporator section to lo-
cal irradiation disturbance on collectors 1/2 according
to fig. 11. Plotted are steam and water mass flow at the
exit of the evaporator. Feed water 1.2 kg/s, recircula-
tion 0.25 kg/s (-) / 1.0 kg/s (· · ·), irradiation 875 W/m2,
outlet pressure 7 MPa.

production it can be seen that the system reacts very
slow. Since the fluid velocity is very small it takes a
long time before the change in specific enthalpy leads
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to a significant change in steam production. With in-
creased recirculation flow the residence time in the
preheating section gets smaller and reactions become
faster and more distinct. This effect can be seen clearly
in the water flow in the case ∆t=240 s. Although the
integral value of liquid pushed out of the absorber
is the same for both recirculation flows the temporal
distribution differs. Since evaporation starts further
downstream when collectors 1 and 2 are shaded liq-
uid is stored in the system. This leads to a temporarily
reduced liquid mass flow in the rest of the evapora-
tor and, as a consequence, to a short period of dryout
at t=500 s. By increasing the recirculation flow the
danger of superheating at the end of the evaporator is
reduced. On the other hand much higher liquid peaks
have to be accepted.
If the local shading is concentrated on collectors 4
and 5, see fig. 14, the reaction becomes faster and
the peaks higher. At long intervals there is only weak
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Figure 14: Reaction of 800 m evaporator section to lo-
cal irradiation disturbance on collectors 4/5 according
to fig. 11. Plotted are steam and water mass flow at the
exit of the evaporator. Feed water 1.2 kg/s, recircula-
tion 0.25 kg/s (-) / 1.0 kg/s (· · ·), irradiation 875 W/m2,
outlet pressure 7 MPa.

overlapping of the single reactions. Compared with
the shading of the pre-heater the reaction time now de-
pends on the residence time in the two-phase region
which is much shorter. Since the whole evaporator is
nearly at the same temperature a change in steam pro-
duction requires no heating or cooling of the absorber
tube walls. The difference between small and high re-
circulation is small since recirculation mass flow has
only minor impact on the average velocity. Compared
to shading of collectors 1/2 the maximum liquid mass
flow has nearly doubled and the dryout effect is much
more critical. Even increasing the recirculation mass

flow can not avoid long periods of dryout.
Lokal Shading at the end of the evaporator in collec-
tors 7/8, see fig. 15 is characterized by very small re-
action time. The recirculation mass flow has no effect
on the result. Water mass flow reaches its steady-state
values very fast with nearly no dynamical overshoot-
ing.
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Figure 15: Reaction of 800 m evaporator section to lo-
cal irradiation disturbance on collectors 7/8 according
to fig. 11. Plotted are steam and water mass flow at
the exit of evaporator. Feed water 1.2 kg/s, recircula-
tion 0.25 kg/s (-) / 1.0 kg/s (· · ·), irradiation 875 W/m2,
outlet pressure 7 MPa.

6 Combination with control system

A central task of the control system is to inject as much
feed water as can be evaporated according to the actual
irradiation. A standard feed-back control loop based
on a liquid level control in the buffer tank reacts very
slow to changes in irradiation. A much faster reaction
is possible if measured irradiation is used to calculate
the necessary feed flow. Another method is to mea-
sure the actual steam production and use this signal
for the feed water pump. Due to model errors both ap-
proaches are not able to reach a specified set point in
the buffer level so in any case an additional level con-
troller is necessary. To analyze the potential of these
forward control schemes simulations have been per-
formed. Fig. 16 shows the results for a configuration
of an uncontrolled system, a configuration with feed-
forward control based on the irradiation measurement
and a configuration with feed-forward control based
on the steam production.
From the feed water signal the time lag between irradi-
ation based and steam production based approach can
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be seen. For liquid and gas mass flow at the evapora-
tor outlet this lag has nearly no effect. The steam pro-
duction gets more continuous with the feed-forward
control. There is a significant reduction of maximum
liquid peaks and as a consequence in buffer mass com-
pared to the uncontrolled system. The reason is that
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Figure 16: Comparison of uncontrolled (-) system
with feed-forward control based on irradiation sig-
nal (· · ·) and steam production (-.-). Recircula-
tion 0.25 kg/s, DNI 900 W/m2.

less water accumulates in the pipes that has to be
pushed out when irradiation again increases. In the
presented disturbance configuration both feed-forward
schemes give similar results. If local shading of
the pre-heating section is used the irradiation based
approach reacts much faster then steam production
changes. This leads to a contradictionary effect for the
buffer level. As a preliminary result it can be stated

that the feed-forward control has shown high potential
in reducing the necessary buffer size without signifi-
cant negative side-effects.

7 Conclusions

A Modelica library for two-phase flow in parabolic
trough collectors is developed and successfully vali-
dated against analytical models and experimental data.
For the transient simulation of these complex system
it is necessary to manually select the state variables
and to transform the equations into explicit state space
form. Only with this approach it is guaranteed that ini-
tialization and numerical integration are reliable with-
out loosing much of the flexibility the Modelica lan-
guage offers. The library is used at the institute to sim-
ulate the reaction of parabolic trough collector loops
with direct steam generation to fluctuations in solar ir-
radiation.
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