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ThermoFlow
Thermo-hydraulic Modelling and

Development of a Modelica Standard Library
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Introduction
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Introduction - Applications
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Introduction - Software
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Physical Modelling - Features
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Physical modelling - Balances
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Euler view: Integrate partial diffs. over a finite control volume
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Physical modelling - State eqn
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Rewrite basic balances into state eqns. for increased efficiency

ρ,      ,    and T are calculated by property functions.
Similar structure has been derived for (p, s) and (ρ, T).
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Physical modelling - Empirics
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Constitutive relations for different units are found by empirics,
Dimension free numbers used: Re, Pr, Nu, Fr, ...
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Physical modelling - Medium
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Implemented as look-up tables or by approximation functions.
Iterative solutions           too slow for dynamic simulation.
Forward expressions in state give fast evaluation.
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Physical modelling - Medium
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ThermoFlow - Library goals
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ThermoFlow - Applicability
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ThermoFlow - Flexibility
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Existing Libraries
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New Library
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What do we want to model?
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Example : Power Plant
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Hierarchical decomposition

Power plant

Consumers

Power lines

District heating
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Component models

Power plant
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The power plant

Turbine

Boiler

Condenser

Pump
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The pump

Medium models

Mass balance

Energy balance

Momentum balance

Connections
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The momentum balance

Momentum balance

G_norm[1]=mdot[1]^2/d[1]/A;
G_norm[2]=mdot[2]^2/d[2]/A;
dG[2]=G_norm[1]-G_norm[2];

dz*mdot[2]=dG+(p[2]-p[1])*A-Ploss;

Modelica model :
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The connections

connector SingleFlow
SIunits.Pressure          p;
SIunits.SpecificEnthalpy  h;
flow SIunits.MassFlowRate mdot;
flow SIunits.Power        q_conv;
SIunits.Density           d;

end SingleFlow;

model pump
SingleFlow in,out;

model boiler
SingleFlow in,out;

connect(pump.out,boiler.in);
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Important aspects
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Key elements in library (1)
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Key elements in library (2)
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Library structure
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Class diagram
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Details
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Interfaces
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Class parameterization
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extends Exchangeable;
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Example
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connector SingleFlow

Pressure          p;

SpecificEnthalpy  h;

flow MassFlowRate mdot;

flow Power        q_conv;

Density           d;

replaceable model ConnectorExtension = GExtension ;

extends ConnectorExtension;

SingleFlow a(redeclare model ConnectorExtension= GPExtension);

connector GExtension

flow MomentumFlow G_norm;

flow MomentumFlow dG;

connector GPExtension

flow MomentumFlow G_norm;

flow MomentumFlow dG;

Real gamma;

Temperature T;
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Generic n-discretization
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for i in 1:n loop
dm[i]=mdot[i]-mdot[i+1];

de[i]=edot[i]-edot[i+1]-p[i]*dV[i]+q_source[i];
end for;
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Switching terms
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G_norm[i] = if mdot[i] > 0 then 

mdot[i]*mdot[i]/d[i-1]/A 

else 

mdot[i]*mdot[i]/d[i]/A;
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Library implementation
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Example
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Results
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Conclusions
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