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and heat transfer
 
Executive summary
This paper details some of the developments and enhancements made 
in Simcenter Flomaster™ software that takes its solver across the 
saturation curve.
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Introduction

Figure 1. Exemplar power station Rankine cycle network.

As global energy consumption is increasing, the 
security of fuel supply, power plant safety and 
emissions, and climate change are under scrutiny. 
Those involved in the design, build and operation of 
current and future generations of plants need to 
have all the tools required to demonstrate that they 
are meeting and exceeding efficiency, safety and 
emissions targets.

Siemens’ Simcenter Flomaster thermal simulation 
tool has provided designers and operators of power 
stations crucial information on proposed or existing 
installations for decades. Underpinned by a raft of 

empirical data, Simcenter Flomaster was created for 
evaluating the nature and extent of water-hammer 
events in liquid systems and now also provides gas 
and two-phase steam simulations.

Simcenter Flomaster for the complete  
Rankine cycle
Figure 1 represents an example of how Simcenter 
Flomaster can be used to simulate the complete 
Rankine cycle in a typical power station circuit. We 
will examine the various aspects of this circuit to 
explain further how the two-phase engine works.
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These fundamental considerations of pipe flow are a 
particular challenge when considered in the context 
of two-phase flow because flow patterns will 
change depending on orientation (vertical, hori-
zontal, or any angle in between), temperature and 
pressure. Flow regimes in a vertical pipe are very 
different to those that are oriented horizontally in 
the same pipe. The effect that this has on pressure 
drop and heat transfer is covered in great detail 1. 

Simcenter Flomaster offers two approaches to 
pressure drop modelling that allow solution times to 
be optimized: homogeneous and separated mixture. 
The homogeneous approach is a simple method 
predicated on the assumption that both phases have 
the same velocity and that an average of the fluid 
properties can be sensibly used for the purposes of 
the analysis. 

By contrast, the separated mixture model only 
assumes that the temperatures of the two phases 
are equal. Each phase is assumed to occupy its own 
individual pipe (the areas of which are based on 
knowledge of the physical pipe geometry and 
calculation of the void fraction of the fluid). 

Pressure drop for the homogeneous model is based 
on calculation of the static, momentum and fric-
tional pressure drop in the pipes. Calculating pres-
sure drop for a separated mixture that’s made up of 
the same components is more complex because of 
the need to account for the differing densities and 
the void fraction (which itself will change 
depending on the orientation of the pipe). Frictional 
pressure drop is a particularly complex area and has 
been the subject of much research over the years. A 
number of correlations have been derived, four of 
which are implemented in Simcenter Flomaster:

1.	 Friedel 2

2.	 Lockhart and Martinelli 3

3.	 Chisolm 4

4.	 Müller-Steinhagen and Heck 5

As a result, the designer is able to judge the level of 
sophistication of model appropriate to the system.

Whereas the pressure drop calculations must take in 
to account the pipe orientation, heat transfer calcu-
lations must also consider the flow regime within 
each segment of the pipe. An accurate two-phase 
heat transfer engine must be a sophisticated frame-
work that tracks not only pipe orientation and flow 
regime, but also predicts the method of heat 
transfer itself and when it changes (i.e., from 
sub-cooled to saturated nucleate boiling and on to 
post-dry out heat transfer). This is critical to accu-
rately predict wall and fluid temperatures and 
critical heat flux, providing the designer with an 
appreciation of the limits of safe operation for the 
plant in question.

Given the complexity of the mechanisms of 
two-phase heat transfer and its relevance to safe 
design, it is an area that has also received much 
attention from academia. Accordingly, Simcenter 
Flomaster provides a choice from three commonly 
used correlations:

1.	 Gungor-Winterton 6

2.	 Shah 7

3.	 Chen 8

The above correlations are relevant once the bulk 
fluid temperature exceeds its saturation tempera-
ture and continues until critical heat flux occurs. 
Beyond this point, post-dry-out heat transfer begins, 
the exact nature of which will again depend on the 
flow regime in that region of the pipe.

Two-phase flow is a complicated and involved 
subject; wherever possible, Simcenter Flomaster 
allows designers choose from a selection of widely 
accepted models and correlations on a given topic. 
Some discretion also can be used as to the level of 
modelling detail required: pressure drop can be 
based on a separated or homogeneous model, heat 

Two-phase pressure drop and heat transfer
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Figure 2. Two-phase simulation model.

transfer can be defined in terms of a heat loss (or 
gain) per unit length of pipe, or full heat transfer 
can be simulated, taking in to account pipe and 
insulation thicknesses and compositions.

The pipe model is a fundamental component of 
Simcenter Flomaster, and it forms the basis of the 
Boiler: Water Tube model, a component designed to 
simulate industrial water-wall type boilers. 

In the example shown in figure 1 (and component 1 
of the more detailed view of figure 2) it can be seen 
how this four armed component can be used to 
simulate the flue-gas on one side and the water/
steam on the other side of the circuit.

The Simcenter Flomaster network shown in figure 1 
can be simplified and represented schematically as 
shown in figure 3.

With the exception of the return line from the 
condenser, the entire circuit is driven by natural 
circulation. Simcenter Flomaster simulates the input 
of thermal energy to the water at the Boiler: Water 
Tube, Superheater and Economizer components. 
Heat transfer from the steam is also predicted at the 
Heat Exchanger: Condenser component (this model 
is different from the CW Condenser used in incom-
pressible Simcenter Flomaster networks). Each of 
these components has four arms; one pair for the 
steam/water circuit and one pair for that of the flue 
gas. Based on the geometric and material informa-
tion provided, the composition of the flue gas and 
its temperature relative to that of the water or 
steam, Simcenter Flomaster will calculate the heat 
rejection from the gas at each of these components. 
The sensitivity of each circuit to changes in the 
performance of the other can be predicted and 
components sized more efficiently.

For purposes of the explaining the Simcenter 
Flomaster example shown here, the steam drum will 
be regarded as the start and end point of the loop.

Saturated steam leaves the drum and is passed 
through the super-heater before entering the first of 
the turbine stages. The flow-rate of steam from the 
drum is a function of the heat added to the water in 
the Boiler: Water-Tube component and the ambient 
conditions within the drum itself, which will define 
the boiling point for water.

Figure 3. Simplified schematic of power station.
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As the drum is accepting input from the return line 
of the circuit as well as from the walls of the Boiler: 
Water Tube, while at the same time feeding the 
boiler via a downcomer pipe, the water-level and 
pressure within the drum can vary. Therefore, the 
component needs to keep track of the thermody-
namics of the fluid and reference this against the 
geometric information provided by the designer as 
an input to simulate the correct mass flow rate of 
saturated steam from the drum. This example 
network actually goes a little further and includes a 
control valve downstream of the super-heater (and 
upstream of the economizer on the return line) to 
provide some direct control on the flow-rate of 
steam reaching the turbines. 

The steam turbine in this model is made up of 20 
different Steam Turbine components, representing 
the high, medium and low pressure sections of a 
complete unit. A Turbine-Shaft component is used 
to link each stage together (see figure 4).

The simulation of a steam turbine in Simcenter 
Flomaster is accomplished by evaluating the mass 
flow across the component (calculated based on 
design point data entered and an iterative solution 
to the pressure change across the component); this 
mass flow can be used along with the change in 
enthalpy to calculate the power output from the 
turbine stage. By linking it with a turbine shaft, the 
power (once converted to torque) can be compared 
with the braking torque of the generator to define 
the shaft speed of the turbine.

Simcenter Flomaster thus allows the designer to 
track the pressure, enthalpy and quality of the 
steam as it is expanded across multiple stages of a 
turbine. Power output can be predicted in the 
manner described above and the size and number 
of reheaters between stages can be judged.

After exiting the final turbine stage, the steam 
needs to be condensed back in to water before 
being pumped back to the drum, via a final econo-
mizer that extracts a final quantity of thermal 
energy from the flue gas before it is vented to 
atmosphere.

A much simplified cooling water circuit considered 
here, the main focus being on capturing the  
performance of the Heat Exchanger: Condenser  
and cooling tower components (see figure 5).

Simulating two-phase heat transfer in shell and  
tube type heat exchangers is no less complex a  
task than that discussed for the pipe model. The 
method used to account for a condensing flow 
within the Heat Exchanger: Condenser must take 
account of film condensation on the external 
surfaces of the tubes. For further details, see the 
Wolverine Tube Engineering Data Book III (2007, 
Wolverine Tube Inc.).

Figure 4. Steam turbine model.

Figure 5. Heat exchanger condenser and cooling water circuit.
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A complete thermodynamic model of both the shell 
and tube side of the condenser allows its perfor-
mance to be modelled at different operating points; 
the effect of ambient air pressure or temperature at 
the cooling tower can be considered and the knock 
on effect on condenser performance predicted. 
Simcenter Flomaster has three different cooling 
tower models; wet, hybrid and dry. The wet type 
shown in this model is based on the work of Merkel 
(Merkel, F. 1925. Verdunstungskühlung. VDI 
Forschungsarbeiten, no. 275, Berlin). 

Taken as a whole, the network shown in figure 1 
demonstrates how Simcenter Flomaster is able to 
bring together detailed individual component 
models to allow designers to model complete indus-
trial systems. Such models afford the opportunity to 
analyze complex interactions between components 
and ultimately to judge the effectiveness of a design 
for a range of input conditions, such as changes in 
flue gas temperature or composition.

Although the model shown in figure 1 demonstrates 
the deployment of a number of Simcenter Flomaster 
two-phase components, it does omit two additional 
model types; the Flash Tank and a range of steam 
trap components.

The flash tank allows designers to simulate the 
generation of steam rising from high-pressure 
condensate entering a low pressure tank. Under the 
correct thermodynamic conditions, a portion of the 
condensate will become vapor and will so separate 
from the liquid condensate. 

There are four steam trap components available:

•	 Steam trap: Ball float

•	 Steam trap: Inverted bucket

•	 Steam trap: Thermodynamic

•	 Steam trap: Thermostatic

Each are described in more detail in the Simcenter 
Flomaster help documentation and can be used to 
simulate physical components operating on the 
same mechanical or thermodynamic principle.

The Simcenter Flomaster two-phase solver and 
related component models represent a significant 
new development for the product. The two-phase 
model is an extremely sophisticated one, using the 
most industrially relevant and well-regarded correla-
tions available. It offers as much choice as possible 
so that designers can tailor their simulations to an 
appropriate degree of accuracy and complexity.
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