
Executive summary
This paper will examine the different capabilities of the Simcenter 
FlomasterTM software compressible solver suite, demonstrating the use of 
Simcenter Flomaster on a gas turbine feed network, then proceeding to 
examine the capabilities of the compressible solver suite.
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The design and optimization of power generation sys-
tems is becoming an ever increasing requirement as 
well as challenge. New designs, re-models, retrofits, 
fuel change, planned and emergency shut-down sce-
narios, and environmental regulations are requiring the 
industry to efficiently design and analyse these complex 
systems. These designs must consider both steady state 
and transient scenarios many of which cannot be safely 
tested with the built-out system but simulated in virtual 
prototyping software to worst case conditions. This 
level of software offers efficiency and accuracy that 
rules of-thumb and spread sheet solutions cannot pro-
vide. And where small increments of operational effi-
ciency can mean millions or billions in cost savings over 
the life of the plant, fine tuning the system becomes a 
prime goal of the designers.

Simcenter Flomaster is a computational fluid dynamics 
(CFD) software product capable of delivering accurate 
thermodynamic predictions across a range of applica-
tions. Beginning life in the 1980’s as a solver specialis-
ing in the transient solution of liquid networks, 
Simcenter Flomaster extended its capability in the 
1990’s to encompass networks running compressible 
fluids. Based on the same solver architecture and empir-
ical database that had proven so successful for liquid 
networks, the compressible solver quickly established 
itself as an equally capable analysis tool. It has estab-
lished itself for those dealing with gas networks ranging 
in scale from natural gas distribution over many hun-
dreds of kilometres, cooling simulations in the automo-
tive industry. 

Since this development, Simcenter Flomaster has contin-
ued to evolve and is now used widely in the industry to 
model gases as well as two-phase steam (see “Analyzing 
two-phase steam pressure drop and heat transfer” 
whitepaper). One of the most significant and complex 
developments that has spun off from the compressible 
solver is the Simcenter Flomaster gas turbine solver.

This paper will examine the different capabilities of the 
Simcenter Flomaster compressible solver suite, demon-
strating the use of Simcenter Flomaster on a gas turbine 
feed network, then proceeding to examine the capabili-
ties of the compressible solver suite.

Gas turbine feed example
Figure 1 shows an overview of the entire network under 
consideration. The scenario to be simulated is as fol-
lows: under normal operation, a single gas supply line 
feeds two separate turbine units. However, should one 
of the units need to be shut down (via the closure of a 

control valve) the delivery pressure to the remaining 
unit should not fluctuate. 

Of particular interest for this case are the controller 
components, which can be used to simulate the opera-
tion of different components (such as valves or pumps) 
over the course of a simulation. The yellow components 
in figure 1 represent controllers; signal connections to 
and from controllers and gauges are always represented 
by dotted lines.

Simcenter Flomaster allows the user to control their 
networks via a number of means, ranging from basic 
tabular inputs where a given input is ascribed at a given 
simulation time, through to more intelligent feedback 
loops via proportional, Integral, derivative feedback 
control. It’s also possible to write scripts (via C# or 
VB.NET) to generate the scenarios or response required. 

This example used both. A simple tabular controller is 
used to shut off the flow to turbine 1, while PID control 
is used to try and ensure a constant pressure supply to 
the second unit during this shut down procedure. 

Figure 1: Gas turbine feed.

Analysis scenario 
Close feed to turbine 1 
Maintain pressure at 26 bar to turbine 2 inlet
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The Simcenter Flomaster PID controller works in con-
junction with two other components from the controller 
library, the Gauge and the Signal Generator, in order to 
form a complete feedback loop. The gauge component 
reads the pressure downstream of the control valve and 
feeds this value into the PID controller. This signal is 
compared with the desired value (supplied by the Signal 
Generator) and the required valve opening is then cal-
culated within the PID controller and fed to the valve 
component itself. The Simcenter Flomaster PID control-
ler works in conjunction with two other components 
from the controller library, the gauge and the signal 
Generator, in order to form a complete feedback loop. 
The gauge component reads the pressure downstream 
of the control valve and feeds this value into the PID 
controller. This signal is compared with the desired 
value (supplied by the signal generator) and the 
required valve opening is then calculated within the PID 
controller and fed to the valve component itself. 

Tracking the positions of the valves under control shows 
the following

The blue line shows the percentage opening of the 
valve controlling the gas supply to unit 1. The red line is 
the position of the PID controlled valve. It should be 
noted that these plots do not reflect the resistance to 
the flow presented by the valves directly; this is dictated 
by the valve characteristic defined either by loss or flow 
coefficient. Thus different characteristics can be experi-
mented with to judge whether a different form might 
give a more amenable result. Simcenter Flomaster is 
supplied with valve data as published in Internal Flow 
Systems (DS Miller, Miller Innovations (2009)), and it is 
also possible to enter data from other sources as 
desired.

Figure 3 implies that the PID controlled valve is operat-
ing within its useful range, that is to say there is no 
indication that it is being required to open to near fully 
open or closed values in order to meet the requirement. 
However, this will obviously need to be compared with 
the pressure at the demand point to ensure the require-
ment is in fact being met.

Examination of figure 4 demonstrates that this is indeed 
the case: the blue line (tracking the time history of 
pressure at the turbine inlet) remains largely unchanged 
during the course of the shutdown of the second unit.

It can also be instructive to examine some of the other 
results that Simcenter Flomaster makes available. For 
instance, plotting the mass and volumetric flow-rates 
and the gas density upstream of the feed to turbine 1 
(figure 5) shows that the density of the gas supplied to 
the turbine increases when there is only one unit 
running.

Note the increase in density (green line) corresponds 
with a change in the mass and volumetric flow rates. 

Figure 2: Tabular controller (left) and PID control (right).

Figure 3: Valve positions during the simulation.

Figure 4: Pressure at turbine 1 inlet and valve position.
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This change in density is due to the fact that the gas is 
expanding less in this component with to a lower pres-
sure drop across it. In larger networks, such changes 
can be even more significant, and are particularly rel-
evant when starting up a line. The following basic 
example will demonstrate the principle more clearly.

Figure 6 represents a basic delivery line from a compres-
sor station to a delivery point. The pressure source 
(labelled 1) is modelled such that the pressure builds up 
to delivery pressure over 25 seconds (figure 7).

Looking at the mass flow rate at different points along 
the pipe (figure 8) shows that peaks can be temporary 
toward the inlet end of pipe. Also, that it takes signifi-
cantly longer for the compressor start-up time to 
achieve steady state condition.

A consequence of these phenomena is that velocities 
may temporarily and locally exceed those normally 
permitted for the gas being delivered. Simcenter 
Flomaster affords users the ability to predict and quan-
tify any such excursions early in the design process.

The detailed heat transfer model in Simcenter Flomaster 
also allows designers to predict the amount of pipe 
insulation that may be optimum for a given application. 
To demonstrate this capability, we will stay with the 
simple network shown in figure 6. So far, it has been 
assumed that the pipe can be modelled adiabatically, a 
reasonable assumption as the transient case under 
consideration occurs over a reasonably short time 
frame. However, should the focus of the study change 
to be one regarding the performance of the line at 
different ambient conditions, heat transfer can become 
an issue.

There are a number of means by which Simcenter 
Flomaster can account for heat transfer to and from the 
surrounding environment. Wall temperatures and heat 
transfer coefficients can be specified directly (and can 
vary along the pipe length), heat fluxes can be input 
(which again may vary along the pipe length if 
required), or the pipe walls and up to three layers of 
insulation can be modelled directly. It is even possible 
to simulate buried or submerged lengths of pipe. 

For illustrative purposes, we will fix the pipe wall thick-
ness and use the Simcenter Flomaster Experiments 
utility to iterate through a range of thicknesses of glass 
fibre insulation from 0 to 100mm. A gas inlet tempera-
ture of 20°C will be assumed, while the external air 
temperature will be set to 0°C.

Figure 5: Gas flow rates and density.

Figure 6: 10KM of gas pipeline.

Figure 7: Compressor start up.

Figure 8: Mass flow rates along the pipe.
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The result from this study is shown below:

Hence Simcenter Flomaster can be used to judge both 
the likely performance of a given line at different ambi-
ent conditions and what steps offer the most cost effec-
tive manner to ensure the required standards are met, 
be they external pipe ‘touch’ temperature or internal gas 
temperature.

Gas turbines
The ‘traditional’ Simcenter Flomaster solver suite is well 
suited to addressing a number of design issues that will 
arise over the course of a gas turbine design cycle. From 
lubrication to fuel systems, Simcenter Flomaster has 
long had a place in the design and optimisation of a 
number of elements. Simcenter Flomaster gas turbine 
adds to these capabilities by focussing and extending 
the solver’s reach such that it can deal with a number of 
specific problems related to the design of gas turbines.

Gas turbines operate at extremes in terms of both tem-
perature and rotational speed, requiring that Simcenter 
Flomaster GT be able to simulate the complex flow and 
heat transfer characteristics of the internal passages of 
rotating machinery. One of the most significant devel-
opments of Simcenter Flomaster GT is the ability to 
characterise secondary air flows in and around the 
rotating disks of the gas turbine. Secondary air refers to 
that fraction of the air that is inducted in to the unit, 
but isn’t directly used for generating thrust or power. 
Instead, it is ‘bled’ off for the cooling of various compo-
nents, bearing chamber sealing, prevention of hot-gas 

ingestion and various other tasks. The overall efficiency 
of the gas turbine is therefore highly dependent upon 
ensuring the amount of air diverted from generating 
useful work is minimised and used optimally.

The secondary air solver is based upon its ability to 
characterise the geometry of the cavities in between 
the turbine stages.

Users have ability to segment the cavity into as many 
sections as is judged appropriate (figure 10), each of 
which will be modelled by a cavity component that can 
have up to 6 entrances and exits. Surfaces can be sta-
tionary, rotating or even counter-rotating. 

Given the significance of swirl in this type of simulation, 
Simcenter Flomaster GT provides templates for swirl 
correlations, enabling users to tailor their solution to 
one that reflects the best practice and knowledge base 
of their company.

Away from secondary air simulations, Simcenter 
Flomaster GT enables users to simulate the mixing of 
liquids or gases, thus the simulation of networks where 
the different fuel sources (for example synthetic and 
natural gas) can be used interchangeably. The integra-
tion of a three-dimensional co-ordinate system allows 
the specification of a rotational axis and hence blade 
cooling simulations will be able to consider centrifugal 
forces on flows and the effect on heat transfer 
calculations.

Figure 9: Gas exit temperature vs. insulation thickness.

Figure 10: Cavity drawing tool.
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Having started as a design tool focussed on the tran-
sient analysis of water systems, Simcenter Flomaster 
has been an established in the industry as the respected 
tool for the simulation of gas networks and even the 
complex fluid pathways that exist within gas turbine 
units. The ability to enhance the standard Simcenter 
Flomaster component libraries with custom compo-
nents and correlations means that Simcenter Flomaster 
can provide the security of a commercially available 
product with the power of the proprietary design 
knowledge that exists within your company. From the 
supply of fuel to a gas turbine, to the detailed study of 
secondary air flow with in a unit, Simcenter Flomaster 
provides a reliable and accurate solver to enhance your 
design process. 

Conclusion
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About Siemens Digital Industries Software
Siemens Digital Industries Software is driving 
transformation to enable a digital enterprise where 
engineering, manufacturing and electronics design 
meet tomorrow. Our solutions help companies of all 
sizes create and leverage digital twins that provide 
organizations with new insights, opportunities and 
levels of automation to drive innovation. For more 
information on Siemens Digital Industries Software 
products and services, visit siemens.com/software  
or follow us on LinkedIn, Twitter, Facebook and 
Instagram. Siemens Digital Industries Software –  
Where today meets tomorrow.
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