
Executive summary
This paper details some of the developments and enhancements made in 
Simcenter FlomasterTM software that takes its solver across the saturation 
curve.
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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.

Figure 1: Exemplar power station Rankine cycle network.
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Two-phase pressure drop and heat transfer

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, horizontal, 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 cov-
ered in great detail (1). 

Simcenter Flomaster offers two approaches to pressure 
drop modelling that allow solution times to be opti-
mized: 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 frictional 
pressure drop in the pipes. Calculating pressure drop for 
a separated mixture that’s made up of the same compo-
nents 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 calculations 

must also consider the flow regime within each seg-
ment of the pipe. An accurate two-phase heat transfer 
engine must be a sophisticated framework 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 accurately 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 aca-
demia. 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 temperature 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 design-
ers 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 homoge-
neous model, heat 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 
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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 con-
denser, 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 incompressible 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 information 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 perfor-
mance 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 func-
tion 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.

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 thermodynamics of the fluid and 
reference this against the geometric information pro-
vided 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 differ-
ent 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).

Figure 2: Two-phase simulation model.

Figure 3: Simplified schematic of power station.

Figure 4. Steam turbine model.
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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 genera-
tor 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 economizer 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.

Simulating two-phase heat transfer in shell and tube 
type heat exchangers is no less complex a task tha. 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 con-
densation on the external surfaces of the tubes. For 
further details, see the Wolverine Tube Engineering 
Data Book III (2007, Wolverine Tube Inc.).

A complete thermodynamic model of both the shell and 
tube side of the condenser allows its performance 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 demon-
strates how Simcenter Flomaster is able to bring together 
detailed individual component models to allow designers 
to model complete industrial systems. Such models 
afford the opportunity to analyze complex interactions 
between components and ultimately to judge the effec-
tiveness 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 genera-
tion of steam rising from high-pressure condensate 
entering a low pressure tank. Under the correct thermo-
dynamic 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 develop-
ment for the product. The two-phase model is an 
extremely sophisticated one, using the most industrially 
relevant and well-regarded correlations available. It 
offers as much choice as possible so that designers can 
tailor their simulations to an appropriate degree of 
accuracy and complexity.

Figure 5: Heat exchanger condenser and cooling water circuit.



White paper | Analyzing two-phase steam pressure drop and heat transfer

6Siemens Digital Industries Software

References
1. Non-Boiling Heat Transfer in Gas-Liquid Flow in Pipes - A Tutorial. 

Ghajar, A.J. Jan-March 2005, J. of the Braz. Soc. of Mech. Sci. & Eng., .
2. Improved Friction Pressure Drop Correlations for Horizontal and 

Vertical Two-Phase Pipe Flow. Friedel. Ispra : s.n., 1979. European 
Two-Phase Flow Group Meeting, Paper E2.

3. Proposed Correlation of Data for Isothermal, Two-Phase, Two-
Component Flow in Pipes. Lockhart, RW and Martinelli, RC. 1949, 
Chem. Prog 45, pp. 29-48.

4. Chisolm, D. Two-Phase Flow in Pipelines and Heat Exchangers. s.l. : 
Longman Higher Education, 1983.

5. A Simple Friction Pressure Drop Correlation for Two-Phase Flow in 
Pipes. Müller-Steinhagen, H and Heck, K. 1986, Chem. Eng. Progress, 
Vol. 20, pp. 297-308.

6. Simplified General Correlation for Saturated Flow Boiling and 
Comparisons of Correlations with Data. Gungor, K.E. and Winterton, 
R.H.S. 1987, The Canadian Journal of Chemical Engineering, Vol. 65, 
pp. 148-156.

7. A General Correlation for Heat Transfer During Film Condensation in 
Pipes. Shah, M.M. 1979, Int. J. Heat Mass Transfer, Vol. 22, pp. 
547-556.

8. Correlation for Boiling Heat Transfer to Saturated Liquids in Convective 
Flow. Chen, J.C. 1966, Int. Eng. Chem. Process Design and 
Development, Vol. 5, p. 322.



Siemens Digital Industries Software

Headquarters
Granite Park One 
5800 Granite Parkway 
Suite 600 
Plano, TX 75024 
USA 
+1 972 987 3000

Americas
Granite Park One 
5800 Granite Parkway 
Suite 600 
Plano, TX 75024 
USA 
+1 314 264 8499

Europe
Stephenson House 
Sir William Siemens Square 
Frimley, Camberley 
Surrey, GU16 8QD 
+44 (0) 1276 413200

Asia-Pacific
Unit 901-902, 9/F
Tower B, Manulife Financial Centre
223-231 Wai Yip Street, Kwun Tong
Kowloon, Hong Kong
+852 2230 3333

siemens.com/software
© 2013 Siemens. A list of relevant Siemens trademarks can be found here. Other trademarks 
belong to their respective owners.

77728-C4  8/13  N

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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