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Abstract For engineers, the challenge is both the design and

The interdisciplinary modelling language Modelica is €valuation of the central heating plants and the grid
increasingly used in the design and evaluation of itSelf. The methods used up peesentfor this purpose

energy systems. Heat supply represents a considerabl§@ve Primarily included static calculat®nof the
share of the global energy supply. Especially in sygem behawor_fospemﬂcopera_tmg p_omt_s\Nlth thls_
Europeancities, district heating grids are often used Methodthe maximum load in winter is given priority

and implementedor heat coverage The increasing 2nd partial load cases are only considered
integration of renewable energies and the extension ofSubordinatelyHowever, in order to be able to compare
existing grids require engineers to be able to analyze!h® System behavior with regard to energy efficiency
and evaluate the behavior of such griget only =~ OPerating costs and ecological footprint, it is
statically in certain operating conditigndut also particularly important to consider these partial load

dynamicallyto enable the representation of complex €&Ses. In addition, the integration of condimsed
system interaction systems, such as storage, require a dynamic analysis

This paper showand describea new approachs approach rather than_ a §tatic operating fpaimalysis
to how Modelica models can be used to evaluate theP2sed on system equilibrium.
dynamic behavior of districtheating grids. It Static grid calculation tools, such as STANET or
furthermore introduces a consistent framework to BENTLEY, ~combine a clear, GtBased grid
parameterize these models with @i&ta via the COM representatiorwith a calculation of the behavior of
interface. The advantages of the shown approach individual grid components, such as pipes, branches

compared to previously used static methods are shown@d house connectisnbased on extensive databases.
with specific casstudies Thesetools enable the calculation of temperature and

pressure behavior in different grid areas for specific
operating points on the basis of an iterative calculation
approach.They also enable a clear grid and result
) representation on the basis of map dataich facilitate

1 Introduction an easyto-understand result evaluation and

The development and planning of energy systems interpr(_etation._However.,t.h_ese tools do not have
represents an increasing challenge for engineers. orflynamicmodeling capabilities. _
the one hand, the goal of decarbonization in energy_ Pressure and temperature aoalarphysicalstates
supply equires an increasing integration of volatile |NiS makes the use of thergatile modelling language
renewable energies. This volatiity requires the qu(_ellca ideal fc_)r adding dynamic considerations to
integration of additional storage systemstimately ~ €Xisting calculation approaches. The approach of
resulting in the introduction ohdditional degrees of ~Mmodelling district heating networks on the basis of
freedomand thus complexityin powerplant control. Modelica ha_s already been discussed in several
On the other hand, the distribution of energy f€searchstudies. .
between production and consumers must be adapted to S00Ns etia 2014 implemented a complex district
increasing decentralization and partial chemgof ~ n€ating grid model including heat production,
exergy levels. This appliatistinctly to district heating dlstrlbutl_m andthermal bund_lng modelsvith reduced
grids, which are particularigomplex andvidegread. ~ COMplexity based on Modelicaf a renewablenergy
The bwering of temperature levelwithin these grids ~ Puilding campus.The study consideredtemperature
leads to significantly reduced distribution lossBsis ~ 105ses withinthe grid as well as resultant pressure
temperature reduction alsnables the integration of ~drops depending on pipe frictiorschwan, et.al2014
alternative heat sources such as solar thermal, whichimplemented a Modelica model of a small rural town

are notdependenbn conventinal combustiotbased center with complex building models, district heating
heat production. grid piping and renewable heat production basethen

Keywords district heating grid, renewable energies,
heat supplyGlSdata integration
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Green Building library modelsHagg 2016 adapted RanleAYazerno®luaB6ioxF Baacax(l)
available pipe models of the Modelica Standard
Library (MSL) by replacing the finite volume method The modelalso calculates the individual pressure

with a spatial distribution operator approach. GURS @ SipeRlepBndBig opipe roughnesg2),
SChWGiger, et.al2017 implemented a Pythmsed p|pe bends (3) as well as other f|tt|ngs (4)
frameworkto automatically generate a district heating Furthermore, it identifies pressure losses due to

JULG PRGHO EDVHG RQ ORGHOR&J eldViibbdiaiencedy Z H U

Library. The master thesis diermanssoret.al. 2017 _ N i 65606
describes a framework using Matlab to automate the ¢laaeol GuaBduaBaox 6®moa( )
data processing, modelling and simulation of Modelica

N P
district heating models. Abgaxke RuaBdua@io X®%UD 3)
All these approacheand studieslready address a . o
wide range of required toolsets and simulation models AlyccudoArAbroagac ()]
which engineers require to analyze and evaluate district
heating grids in a dynamic wayrhe models and Alygd € g<x@CRAYV (5)
methods are mainly based onesearch work at
universities and associated companidsowever, The sum of these elementharacterizeghe total

planners and engineers involved in the practical pressure dropwithin a pipeline. The gradient
implementation of such district heating networks dependent absolute pressure lossesf a pipe are
require a uniform toolset based on standard planningalmostcompensatebetween flow and return (i.e. only
tools and databases as well as a unifpresentation of  the difference between temperatspecific densies

the results of planningpecific parameters.The of the fluidicmedium (&, & ), cause a pressure drop).
approach presented here enables the automated transfer The main pressure loss in a pipelinedispenent of

o_f data_l from standardized district heating network the pipefriction (i.e. 90% plusin horizontal pipes
simulation tools, such as STANET and BENTLEY, This pipe friction is highly reliant on the type of
using standard MS Office products arlde tCOM  stream, i.e. laminaor turbulent in a smootlor rough
interface. In this way the often 5,000+ parameters for pipe. To identify tle stream type, the pipe idtion
the modelling of a grid can easily be gathered coefficient (5 ;3gs calculated based on Reynolds
transferred and writteimto the model. In addition, the  , mber (Re), inclues the dynamic viscosity
result; qbtalned fro_m the model can be fed back into coefficient( R, &) as well as the roughness coefficient
the existing evaluatioprocedures ( Gy A@ndthe pipe diameter @ ; 1o

2 Modelling Approach 4 AL 00000 Bz
Simulation models of hydraulic grids are 2ol
comparatively easy to implement compared to complex
power plant systems. The number of necessary modelf
components is manageable. However, the size andt
complexity of aheatinggrid requiresan oveall model

(6)

The Reynolds number is thus used as an indicator
or the streantype. If the Reynolds number is smaller
han 2300, the stream type éefined asaminar.

with a multitude of equal model componentsieh are . '8

each defined by multitudeof parameters. This aspect % U a0 al- Eo (7)
characterizes the actual challenge indynamic

modelling. A Reynolds number between 2,300 an@d0,D00
Within this work a Modelicabasedlibrary of grid indicatesa turbulent streantypefor asmooth pipe.

componentdas been implementesith the following

six components: A . S 8
X Pipdine 9% U e ade aadl YEo (8)
x  Heating plant Any higher Reynolds number than 100,000
x  Grid node _ _ represents turbulent stredar arough pipe.
X House connection station
x Pipe branch B0 s adac 0 L 5 )
x Pipe junction Uageadael -7 0 40 7356200P

Thepipelineis the most important element of such a woue
library. This model component dedmesthe heat loss
overthe insulation( 38 o) 4n the flow and return pipes

of individual grid sectionasdescribed irequationl.:

All other model components of the library are less
complex. They are mainly implemented with reduced
complexity, to contribute to a suitable simulation
performancesuch asin the case of large grids with
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multiple house connection stations ancbmplex
pipdines

The house connection station modsl defined
through an inverse model which calculates required
volume flow depenenton simulated flow temperature
andtheassociatedeturn temperaturél retury -

. Eipir uUpagiROUL
o 2als ®<el O \h,‘--%_ ,\,\"—; 10
6E®Qeala 6E®QeaaeDe (,BaeF Quoi®spi®aispia U( )

The maximumreturn temperaturéTreturnma) IS @

system specific parameter, which depends on heating

surface configurationsand evermore importary, on

hot water supply system typédditionally, the return
temperature is determined by the maximum volume
flow of the considered house connection statiothéf
total heat consumption exceetti® definedmaximum
level, the maximum volume limit further decrease
resultant return temperature.

! Heat Load

Heating Limit
Temperature

Heat Consumption

Base Load

v

Qutdoor Temperature

Figure 1. Concept ofthe heat consumption calculation
in the House Connection Station model

The dynamic volume flovis only influencedby the
temperature difference between flow and resultant
return temperature as well
consumption. To provide suitable simulation
performance the heat consumption is not calculated
with a complex multzone building model but by a
look-up representeon of overall heat consumptiaf a
building, depenént on outdoor temperatuse(c.f.
Figurel).

This approach isspeciallyfeasible for residential or
office buildings and building complexes as well as
similar occupancy types hese building types do not
include high internal heat load®r major solar heat
gains (ifthe window share is not higher thaoughly
25%). Below the heating limit, thegat consumptiois
thus, mainly linearly dependenton the outdoor
temperature Above this limit, heat consumption is

comparatively constant (i.e. base loaatid is mainly
influenced by occupancy specific heat consumption
(i.e. hot water consumption)

The developed modelling approach describes the
grid behavior in an inverse direction. highly
VLPSOLILHV WKH VLPXODWLRQ RI
thermal behaviotby only using10 parametersThe
main results of grid simulationinclude pressure and
temperature behavior in different grid parts as well as
the total required heat supply andegsure drop in the
considered heating planfhis heating plantmodel
provides an outdoor temperaturgependentflow
temperature (i.e. heating curve) as well as the
maintenance return pressureFurther possible
calculatons include theotal heat supply €ben@nton
temperature differen¢c@olume flowandtotal pressure
drop depenent on resultant flow pressure. &e
values representthe most important dimensioning
variables of a heating plant.

A district heating network can be constructed as a
radial, ring or mesh system. Radtiaetworks represent
the simplest form o& network in whicha large main
pipeline feeds several distribution pipelinésrming
individual branchesin these branches, the pressafe
the main pipe is distributed homogeneously ozlr
distribution pipesThe resultant flow pressure is again
inversely calculated by the maximummessure dropf
all distribution pipes.The flow temperature for all
branches corresponds to the main pape the return
temperature is calculatagsingthe mixing ratio of the
distribution pipes.

Lgceavud Lugcesmoml Lagcesmose (11)

Lugasoud *fSlupamaossducamwacse (12)

Qraaoud Qradsoawl Qradaoaw (13)

Bipcens il 824710160 ®ypradvivio >8aavivio ®ypsadwivio (14)
ce

444 Y1016 >8adyivio.

Modelling ring or mesh systems requires additional
components (@. pipe junction) which calculate the

as simulated heat volume flow distribution between two pipes of a

junction, depending on the pressure digd. equation
15).

¢80auirouU

MyeaocadaMaou s (15)

7¢80aUiR 0B YAG A LD U.U

A grid node isalsoadded which is used to identify a
specific point of the grid between two parts of one pipe
(e.g. in case of a diameter reduction).

Furthermore, district heating grids can include two
or more heating plants at difeart grid positions. This
case highly increases the model complexity as it is not
possible to implement such a structure with a complete
inverse modelling approach.
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Figure 2: Example grid structure and corresponding Modelica simulaton model as well as sample result
representation
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The main challenge in these models is to identify the 2018) Therefore,a set of suitable MS Excel templates
dynamic movement of the grid poiat whichvolume and evaluation scripts provide an easy to use
flow reversaltakes place especially if both heating framework to integrate Modelica simulation models as
plants work with different operation strategies (e.g. well as common MS Office tools in a consistent
basic heat supply, residual heat supply). workflow for district heating grid analys.

Thefirst approacho solvingthis modelling problem

consideed the application of the Néer-Stokes 4 Simulation Examples

equationfor the development of a nenverse pipe ) i ) .
model One complexsimulation example is a mediusize

However, first implementations with this district heating grid in a town in eastern Germaity.
methodology showed  significant  disadvantages Nas @ total pipeline length approximately50 km.The
regarding simulation performancelhe alternative  tot@linstalled heating power output is 20Mwhichis
approachimplements pipecomponentsi.e. flow and d|V|_ded by about 4Q% to 60% between a base load and
return) withtwo inverse directionsThe modelis able ~ "esidual load heating plant (ckigure2). _
to dynamically detectreverse flow and switch grid _'n€ grid only has to overcome slighgeodetic
calcuhtion between botlpipe elementsThis shows  differences in heightf about 40 mA maintenance
that to achievenaximum simulation performance more Pressure of mestimatecs bar isthus provided by the
complex modelling techniques and methodsrea  residual heating plant. _
necessary However, this disadvantage can be The grid is currently under reconstruction. It

compensated using scripased partly automated previously consisted of two main individual grigsch
modelling frameworks. with their own heating plantsupplying heatto the

north western and south eastern pdrthe ciy. Both

. former grids will now be connected to one complex
3 MOde”mg Framework district heating grid with a base amrdresidual load
The library components described above show the heating plant. Furthermore, a small local heating grid
implemented approach for modelling the behavior of a in a peripheral residential area will be connected to
district heating grid in the Modelica modelling  benefit from the increased heat plypefficiency of the
language. However, in this area of applicatitime new gridwith modern cogeneration power plants
main challenges faced atiee parameterization of the Finally, new customers of the district heating grid
model and the evaluation and presentation of theshall be acquired. Therefore, additional pipelines to
results. A typical district heating grid with a total peripheral buildings (e.g. large school complex) will
length of approx50 km and 250 house connection be built in thesouth west and north east area.
stations requires the processing of 000 plus Simulation results of static district
parameters as well as the evaluation of more tt@001 heating grid simulatiotools
grid components. 14000 T

Dynamic simulation results with
Most parameters of district heating grids todeg Modelica models
already available in electronic forsuch asin daa
bases of Glhased but static district heating grid
simulation models(e.g. BENTLEY, STANET, etc.)
These data bases camst oftenbe easily exported to
common data formats like *.csv or *.tandtherefore

be imported irMS Excel.

12000

=
(=1
[=]
o
o

\

8000

6000

heating power [kw]

4000

Furthermore, SimulanX, the Modelica simulation 2000
environment used to implement the above described 0
library components, provides a scrised (via 0 50 100 150 200 250 300 350
Python or VBA)access to theimulation model via the time ]
MS COM interfacelmported grid parameters cérs residual load power plant  —base load power plant

be used to automatibp parameterize the implemented . , .
district heatinggrids, simulation model. Even the  Figure 3: Simulated heat power output in both heating

PRGHO VWUXFWXUH LWVHOI L QOWGFFPQIEIS?W%qffEEW a.?@‘?—‘?ﬂlﬁﬁ?@ﬁ"&?e”
orientation and connections) can be implemented via static and dyhamic grid simuiation
script using model internal annotatiofi$erefore,the

model structte represents reatorld grid layout and To effectively plan the reconstruction it is necessary
available GIS data (i.e. x and y coordinates) provide to analyze the resultant requirements on total heat
sufficient information for automatic modelling. supply as well as pressure drops in both heating plants

Besides automat variant analyzesSimulationX with regards to the developed operation strategy.
furthermore enablean automatic exporbf simulation Additionally, an evaludion of all relevant grid areas in
results viathe sameCOM interface(Neidhold et.al. regards to maximum flow pressure aslvesl heat and
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KMR DN 40

Figure 4: Example simulation results +maximum flow speed and specific pressure drop in one of the grid parts

pressure losses in varying pipelinesnecessaryThis power plant however, exceeds the maximum of the
is ultimatelyrequiredto confirm that theplannedgrid base load withabout 13 MW at the end of January.
operation with the two power plants fits the  This significant difference between peak load and base
requirements of all customers and all weather load (about 2 MW)results mainly from the connected
conditions. Furthermore, the simutatiresults are used residential buildings which only consume little
in the sizing procesw determinethe right dimension amounts of heat to produce domestic hot water, during
of circulation pumps, cogeneration units as well as the summeritne (baseload periods)
peakpower boilers. Figure5 shows the corresponding dynamic pressure
Additionally, the simulation results characterize the drop behavior in both heating power plaminly
remaining grid capacity of all grid parts which can be depenént ofoutdoortemperature specifihieatpower
utilized (i.e. provide access to additional customers). output.In times of shutdown the pressure droplet t
They also indicate pros and cons of different piping residual power plant remains at the minimum level
solutions for additional grid parts. which isprovided from the base load powsantat its
grid position. During these times, the complete flow is
provided by the circulation pumps of the base load
power plant.In the case thapeakheat power is
required, the pressure drop in the residual load power
<000 plant significantly increases (up to 7 bawjten even
2000 |‘ ‘ above the base load heat power plasressure
2000 ' parametergmax. about 5.5 bar)n this case, most of
WKH JULGTV FXVW RyytHdresiddd) bad/ XSS O

2000 U»JMJ. I power plam.
1000 PN Figure 4 furthermore shows aection of the grid in
0 the north eastern area which shall be extended with

° © mﬁme[j?u B additional pipes to supply further singlamily houses.
——residual load power plant base load power plant The main ques“on regar@ the maximum gnd
capacity in this areahat is posed, i all considered
buildings can be additiorlgl connected to the grid
without exceeding maximum capacity.

The simulation resultshowedthat the maximum
Figure 3 depicts one of the previously described specific pressure drop in the considered pipelines as
result sets from the district heating grid simulation vv_eII as t_hg maximum flow speedoes not overrun
mode| showingthe dynamic heat power output of both p|pespeC|f|<_:_ limits (.e. 1 m/s flow speed and 150
the base load and the residual load power plant. It Pa’”.‘ specific pressure dr(_)p). Thu_s the _m_odel could
illustratesthat mest heat over the year is provided by con1_‘|_rm that the existing grld_ (_:apac_:ltyssuf_flment, to
the base load power plafiteat power output with a addltlonally_ connect all remaining singi@mily homes
maximum of 9MW can be supplied for almost half of in the considered street.
the year) The peakpower output of the residual heat

8000
7000

6000

pressure drop [mbar]

Figure 5: Simulated pressure drop in both heating
power plants in a reference yea

164 Proceedings of the 13" International Modelica Conference DOI
March 4-6, 2019, Regensburg, Germany 10.3384/ecp19157159



A Modelica-Based Framework for District Heating Grid Simulation

5 Heating Power Plant Models

simulate sophisticated HVAC systems including
renewables, storages, control strategy and eMobility.

The above described approach and methods enable 14 gnaple th above described dynamic simulation a

the dynamic simulation of district heating grids which

modelbased test platform was developed on the basis

allows engineers to better evaluate and plan such grids ¢ o example heating power plant. The simplified

This results in more detailed andccurate grid
parametrizations and information.

Using this information gainand utilizing the
Modelica modelling languaderther aspects of district
heating can be examineshd developed. One of these

areas is the development of detailed heating power

example plant consists of 3 different cogeneration
units, one heat storage system, 2 plea#t boilers and
a distict grid (summarized as erthermal load).

The challenge of building the above example plant
was that not all of the components needed where
available inthe standardModelica libraries, like Green

plant models to test and evaluate unit commitment City in SimulationX Since the cogeneration units

algorithms and methods.
Due to the global goal of decarbonization
cogeneration units have been promoted asiddle

term solution to decentralizing energy production.

These units comhie power and heat proction. This
improves overall process efficiencgndthussuch units

are common in district heating grids. The produced

electricity is directly marketedn the stock exchange,

neededd be controlled through externatxt files (via

a timedependenteference poweputput curve) that
were written by the unit commitment algorithms, an
interface as well as a new unit controller was
developed, that enabled the coupling of the planning
algorithm and the model. Another Interface was
established that enabled the link between the heat
prediction algorithmstémperature dependent) and the

meaning that prices vary on a quarterly hour bases jisirict heating grid.

(prices are released for thext 24 hours)Therefore,
through utilizing heat storage capacitidee trade with
production flexibility offersnew economicincentives
for heating power lant operators.

Operators are required to plan their
production for the next 24h (DayheadPlanning).To

power

The cogeneration units were further developed to be
able to adjust running cycle sghat minimal unit
modulations were upheld. Furthermore, theilers
control technology was adapted so thapeakheat
operating mode was possible. Utilizing these new
library components a complete model based platform

automate and optimize this planning process, unit .o id be developed.

commitment algorithms have been developed which
take into account fluctuating electricity prices and

To examinethe abovedeveloped model and test its
validity different test scenarios were defined and

future heat demands. These algorithms can mostly onlyjmplemented. The first looked at plausibility and the

be tested using simplified static iferation methods.

This can be problematic as simplifications are often

made in the algorithm developmeptocesswhich

cannot be tested or evaluated using these static

methods. The following chapter will describe an
approach that enables a dynamic simatatand
evaluation of suchalgorithms using the Modelica
based library Green City

CoGen Unit 1
499 Ky Boiler 1,2

Storage
N

2450 KWWt

CoGen Unit 2 — - District Grid
B A

395 kwd
el
6

515 ] 745 Mh T.«'T),-’
[T AN

[
Pass CoGen Unit3
T w1000 KW el

‘ G | 1078 ke
g

2050 ki ===

Figure 6: Example Heating Power Plant

Green City is a newly developed simulation library in
(6, ,7,TV 6LPXODWLRQ;
cooling and electric@wer supply, storage systems and

consumption models in buildings and city quarters. It is
based on the existing Green Building approach used to

IRU KROLV

second at sensitivity to prediction errors. These test
scenarios were simulated using three daily case
exampleswhich are defined through different heating
periods {e. summer, winter, transition period).
Furthermore 2 algorithm types were used to create
different unit commitment plans for the above
described example days. One algoritappied only a
heatcontrolled @eration (baseline algorithm) and the
other implementing an electricity revenue optimization.
This allowed for an overaWNalidity evaluation of the
described model and the investigatairthe possibility

of algorithm assessment

3500
3000 J
2500

2000

1500

Heating Power [kW]
AY
A\

Hours

Sum of Plants (Heat-Led Algorithm) Sum of Plants (Electrcity Rev. Optimization)

= Grid Power

Figure 7: Example of Smulation Assessment
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The following figure shows an example of such a
plausibility investigation. It is visible that technological

temperatureDue to thehighly simplified approach of
building modelling (c.f.Figure 1), the grid model

processes such as running cycle adjustment and peakannot fully represent building storage capacitidss

power compensation through the boiler are correctly
implemented within themodel. Furthermore, the
incorporation of the heating storage is visiloethe
flexible relocation of heat production.

thus results in fluctuatingmeasurement values
regardng specific outdoor temperatue. It however,

sufficiently reproduces the hydraulic behavior in all
grid parts (peak loads, basic loads) which are necessary

The described test scenario evaluations showed thafor grid analyzes and system design.

the Modelica based model was able to plausialyict

the system technology of a hieg power plant
including cogeneration units taking into account
physical and technological constrainihe developed
simulation model thus, enables a dynamical and
transient validation of unit commitment planning
algorithms.The study shows that bothe plausibility
and sensitivity of such algorithms can be investigated
using the developed model based test platforhis
ultimately enables the optimization and evaluation of
such algorithms before real world implementation. It
also showed the advantagegfsdynamic investigations,
using the Modelica modelling language, opposed to
mere static approaches.

6 Conclusion

The presented simulation approach enables
engineers and scientists to simulate thermal and
hydraulic behgior of a district heating gridApposed
to conventional Gl$hased grid simulation tools, the
developed approach using the versatile modelling
language Modelica enablethe consideation of
weather dependemtynamic effects as well as storage
capacity influencesover a yearwithin one model
This inevitably enables engineets better evaluate
part load conditions.

GlIS-based grid simulation toolsowever, provide
copious data bases of required system elements (e.g
pipes of different sizes and manufacturers) as well as
an easyto-understandrontend to illustrate simulation
results with graphical references to individugiid
parts on the mag.o close this gap, the existing COM
Interface  between the Modelica simulation
environment SimulationX and MS Excel was extended
to automatically buildand parameterize gird models
utilizing the imported grid data baseurthermore, th

Pressure Drop vs. Outdoor Temperature

Pressure Drop [bar]

15
Outdoor Temperature [°C]

25 35

——Measurements ——Simulation

Figure 8: Comparison of measured vs. simulated
pressure drop depending on outdoor temperature

The simplified modeling approach enables high
performant models with sufficient simulation speed. A
50 km plus grid with about 2,000 grid elements and
about 1,400 model ates needsin estimated time of
one to two hours for a yearly simulatidfrurthermore,
the dynamic modelling approach of Modelieaables
the evaluaton of 100+ grid operating points w#hin a
single simulation run. Existing static district heating
grid simulation models onlgllow for the evaluatiorof
one operating point witheach simulation run (c.f.
Figure3).

Future devebpmentwill include extended process
automation tofurther expandthe approachenabling
the simulation, evaluation and presentationlarfje
scale district heating andtimatelycooling grids.

Nomenclature
Following definitions and symbols are usedhivi

interface was also used to implement post processingthis paper to describe the model functionality in

routines for result evaluation agdaphicpresentation.

The approach has been tested with sufficient
measurement datd several example grids. The results
are valid for district heating grscbf small to medium
size.

As anexample, measurement data obther20 km
district heating grid in a small city in eastern Gergnan
was used which allowed for a comparson of both
thermal as well as hydraulic behavior of the
implemented models.Figure 8 shows a brief

comparison of the measured vs. the simulated pressure

drop of this analyzed grid depending on the outdoor

equations 1 to 15.

§§a . - Heat losoverthe insulation
A 3 a2 e 0 cHGat transmission coefficient of pipe

Huazg - Length of pipe

6y g x - Medium temperature

Qsaeax - Ground temperature

laaem - Pressure drop ofipe depenénton
pipe roughness

&uag - Pipe friction coefficient

€30 x - Medium density
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Ruag - Pipe flow speed
@050 - Inner pipe diameter
Ruap - Pressure loss coefficieof pipe

Alggaxse -Pressure drop of pigeends

Alyy ccUauzPressure drop of pidétings

Abropao a¢- Constanpressure drop of
individual pipe fittings
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Ry & x - Dynamic viscosity coefficient Models of District Heating Networks with Modelica

Gag - Roughness coefficient Masterthesis,.Scho.oI of Business, Socie;y anpl Engineering

a4A - Reynolds number Energy Engineering, Malardalen University, Sweden

2017.

- Pipe friction coefficient of
laminarstream
30 age a4 2 a axc Pipe friction coefficient of
turbulent stream for a smooth
pipe
3 0 g adae 0 - Pipe friction coefficient of
turbulent stream for a rough

% U a0 a Neidhold, T.; Hofmann, TNew in SimulationX 3.9.ESI

Forum 2018 November &, 2018, Weimar, Germany.

pipe

B:gceaa - Returntemperature
B gceanes - Maximum return temperature
6, rae - Flow temperature
3A@ Ggaa=eaactBuUlding heat consumption
Msos - Maximum volume flow of

EXLOGLQJYV JULG FRQQHFWLRQ
%ha0x - Specific heat capacity of medium
Ls g ce ad U a- Absolute pressure of main return

pipe

Ls & ¢ e £ 0 &) Absolute pressure of return bradch
La o ¢ ¢ £ 0 s Absolute pressure of return brarich
Qragoua - Flowtemperature in main pipe

Q) g 2 5 6 g5 - Flow temperature in branchl

Q) g a8 2 6 8o - Flow temperature in branch2

6 o ce a6 U a- Return temperature in main pipe
6s o ¢ & £5 0 9 Return emperature in branchl

6s o ¢ ¢ £5 0 g Return temperature in branch2
Mg soge - Volume flow in branchl

Mg soge - Volume flow in branch2

My ¢ 46 ¢85 aa Volume flow in junctionl

Msoua - Volume fow in main pipe
¢Lyeaocwaa Total pressure drop in junctionl
¢y eaoceaa Total pressure drop in junctign
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