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In this paper numerical analysis of the condensing steam flow in a converging-diverging
nozzle is investigated. The ANSYS Fluent results are compared with the results of the
in-house academic Computational fluid dynamics code with respect to the capacity for
thermodynamic assessment. The “local” real gas equation of state is used as a
mathematical complement of flow governing equations in the in-house code. In the
Fluent code, the thermodynamic functions as well as the steam and water physical
properties are calculated based on the IAPWS formulation with the use of the UDF. The
condensation model with the Fuchs and Sutigin correction of the droplet growth
equation and nucleation rate with the Kantrowitz correction is implemented in both CFD
codes. The CFD results are compared with the obtained experimental data. The
experiment was carried out using an in-house steam facility with a transonic steam
tunnel. The investigated geometry is a converging-diverging nozzle as adopted under
the International Wet Steam Experimental Project with the diverging section expansion
rate of 3,000 s−1 and the total throat height of 40 mm.
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INTRODUCTION

A broad understanding of condensing steam flows in power and aircraft industry is very
significant. Condensation is a physical phenomenon that transforms a gas phase into a liquid
phase. It may begin with a sudden expansion combined with the acceleration of the flow from
subsonic to supersonic conditions. It is a common way to utilize the Laval nozzle, which is a
convergent-divergent nozzle (CD nozzle), to speed up the working gas to supersonic flow
conditions. After passing through the sonic region, in the divergent part of the nozzle, steam
is supercooled to such an extent that a rapid condensation occurs and releases a large amount
of latent heat to the gas phase. The name of this phenomenon is homogeneous spontaneous
condensation and it involves high flow losses. The phenomenon is undesirable but inevitable.
The first people who performed complex 2D simulation for the condensing flows were Young
and White, who investigated the sensitivity of spontaneous condensation process, such as the
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effect of nucleation rate on the droplet size (White and
Young, 1993). Over the following years a significant effort
was made to properly model condensing steam flows thanks
to the works of Schnerr (Schnerr et al., 2000), Halama
(Halama et al., 2004) and many other researchers (Zhang
et al., 2019; Xu et al., 2020) from around the world. The
issues related to condensing flows are still topical. A
mathematical model was developed by Yang et al. (2017)
to predict the spontaneous condensing process in supersonic
flows which indicates a good agreement between numerical
and experimental results. A CFD model was developed by
Wen et al. (2019) for the condensing flow of CO2 in a
supersonic nozzle. The results of this study offer an
efficient and environmentally friendly method to reduce
CO2 emissions in the environment, which is the
condensation of CO2 in supersonic flows. Cao et al.
(2020) simulated the flow field in the last stage of the
steam turbine under low flow-rate conditions using the
wet steam model. They showed the effect of the vortex
location on the droplet diameter. Ding et al. (2021)
increased the simulation accuracy of the wet steam flow
using a poly-dispersion model. They showed that it is
possible to foresee energy dissipation and the droplet
spectrum in turbines. Amiri Rad et al. (2014) simulated
the wet steam flow in the convergent-divergent nozzle
one-dimensionally. They investigated the effect of the
boundary layer on the formation and growth of droplets
using mathematical models and compared with the inviscid
flow. They showed that the droplet radius increased by 3%, if
the boundary layer was considered in the simulation. Zhang
et al. (2020) approximated the Wilson point and temperature
parameters appropriately for the condensing steam flows in
the Moses-Stein nozzle. Ding et al. (2014); Ding et al. (2015)
approximated the location of the Wilson point and the flow
properties analytically using classical nucleation equations
and Young’s droplet growth model. They used a Bakhtar
nozzle in high pressure and a Wyslouzil nozzle in low
pressure to validate the results. They showed that the
analytical solution is in a good agreement the
experimental results. Various researches in the last
3 decades have improved the CFD modelling accuracy of
the condensing steam flows. They have mainly focused on
modifying the nucleation rate equation, improving the
droplet growth model and using more precise equations of
state for steam. The overall goal is to bring computational
results closer to experimental data.

Most of the published CFD results of the modelling of
condensing steam flows in CD nozzles do not include the
information regarding the enthalpy-entropy diagram of the
expansion line in the nozzle centre line. The line includes all
data that could be used to check the thermodynamic properties
of the expanded gas. This study presents numerical
investigations of condensing steam flows in a converging-
diverging nozzle. The analysis is conducted by means of the
ANSYS Fluent and the in-house academic CFD codes, using the
RANS density-based method with the k-ω SST turbulence
model, with respect to the capacity for thermodynamic

assessment. The IWSEP CD nozzle was selected for the
testing (Zhang et al., 2021).

EXPERIMENTAL DATA

The experimental data were obtained from the facility at the
Department of Power Engineering and Turbomachinery of the
Silesian University of Technology (cf. Figure 1). The steam
tunnel is fed with superheated steam from a boiler. The
greatest mass flow rate of steam is around 3 kg/s. The
superheated steam conditions are regulated by sliding pressure
in the boiler and the desuperheater at the live steam pipeline.
Upstream of the test section (6), the parameters are precisely
controlled by a control valve 1) and an extra desuperheater 14) to
ensure steam parameters that correspond to the low-pressure
turbine stages. The total inlet absolute pressure ranges from 70 to
150 kPa(a) and the total temperature ranges from 70 to 150°C.

In this paper, the investigated geometry is a convergent-
divergent nozzle (CD nozzle) with a low expansion rate of
3,000 s−1 and a throat height of 40 mm. This nozzle, which is
the subject of investigation under the IWSEP, is made of
aluminium (PA6) using CNC machining. As shown in
Figure 2, a 110 mm-wide nozzle was installed in the test
section of the steam tunnel located in the machinery hall of
the Department of Power Engineering and Turbomachinery of
the SUT. The test section with dimensions 1000 × 110 × 400mm,
is made of stainless steel (1.4301) as well as the whole piping
system.

To measure the static pressure distribution at the bottom
and the top wall, the measuring system includes 40 pressure
sensors (20 measuring points on each wall). The
measurement was carried out along the nozzle every
10 mm starting from position x = 0 m (nozzle throat).
When all process parameters were completely stable, the
static pressure values were averaged from samples of 5-s
measurements. The static pressure distribution was
collected by means of the Honeywell pressure sensors with
a frequency of 400 Hz. The pressure pipes were purged before
and after each measurement. To measure the liquid phase
content, a light extinction measuring probe was used (Cai
et al., 1992; Majkut et al., 2020). The measured data which are
listed in Table 1, are for one set of inlet boundary conditions,
including pressure, the droplet diameter and the liquid mass
fraction (Zhang et al., 2021). The pressure data are given
along the bottom wall, whereas the liquid phase was measured
along the centre line of the nozzle. More details on the
experimental campaigns for the IWSEP nozzle can be
found in (Zhang et al., 2021).

CFD METHODS

Computational fluid dynamics (CFD) methods can be grouped
into pressure-based and density-based solvers. For calculating the
density in the compressible flow and in the density-based solver,
the continuity equation is utilized and for calculating the
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pressure, the equation of state is used after the energy equation is
solved. For calculating the pressure in pressure-based solvers, a
pressure correction equation which results from combination of
the continuity and momentum equations is solved. The density is
then calculated from the equation of state. As it can be noticed,
the equation of state plays a crucial role in both type of solvers.
Both density- and pressure-based solvers are available in the
Fluent software. The in-house CFD code is a density-based solver
because historically these solvers have been mainly used for high-
speed compressible flows. The in-house CFD code of the
Department of Power Engineering and Turbomachinery of the
SUT was developed over 25 years ago, before commercial CFD
codes such as Fluent for instance, and was made available to
academics. In both codes, the first-order upwind scheme with the
AUSMD Riemann solver was set up in the calculations. The
MUSCL scheme was used to increase the accuracy of spatial

discretization. The numerical mesh was prepared in the ICEM
CFD software according to the mesh-independence study
previously made for this nozzle by Zhang et el. (Zhang et al.,
2021).

FIGURE 1 | Steam tunnel facility (Dykas et al., 2018a) 1 - control valve; 2 - by-pass; 3 - stop gate valve; 4 - stop gate valve at by-pass; 5 - inlet nozzle; 6 - test
section; 7 - outlet elbow; 8 - water injector; 9 - pipe; 10 - safety valve; 11 - condenser; 12 - suction line; 13 - throttle valve; 14 -desuperheater; 15 - condensate tank; 16 -
control system of the condensate level; 17 - condensate pump; 18 - discharge line; 19 - stop valve; 20 - water injector pump; 21 - cooling water pump; 22 - condensate
pump; 23 - pump.

FIGURE 2 | View of the investigated nozzle in the test section.

TABLE 1 | IWSEP experimental data.

p0 = 77.80kPa(a), t0 = 101°C, Δt = ~9°C

x, cm y, cm p, kPa(a) D32, nm y, %
0 2 43.51 - -
1 2.00521 40.46 - -
2 2.01887 38.42 - -
3 2.03889 39.34 - -
4 2.06392 44.15 - -
5 2.09303 41.21 - -
6 2.12558 38.35 - -
7 2.16112 35.98 - -
8 2.19930 33.99 - -
9 2.23987 32.48 - -
10 2.28264 30.83 - -
11 2.32746 29.38 - -
12 2.37422 27.98 - -
13 2.42283 26.82 - -
14 2.47323 25.50 - -
15 2.52536 24.47 350 4.7
16 2.57919 23.42 - -
17 2.63468 22.43 - -
18 2.69183 21.64 - -
19 2.75062 20.74 - -
20 2.81104 - 370 5.6
25 3.13773 - 385 6.4
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In-House Code
The presented herein in-house CFD code has been elaborated
over 20 years ago and has been successfully applied for CFD
modelling of condensing steam flow for many technical
applications, nozzle blade cascades, etc. (Dykas, 2001; Dykas
et al., 2018a; Dykas et al., 2018b; Starzmann et al., 2018). In
the in-house CFD code, the RANS method for the compressible
steam flow was stated as:

z

zt
ρ + z

zxj
ρvj � 0 (1)

z

zt
ρvi + z

zxij
(ρvivij + δijp − τij) � 0 (2)

z

zt
ρE + z

zxj
(vjρE + vjp) � z

zxj
(keff z

zxj
T + τijvj ) (3)

The continuity Eq. 1, the momentum Eq. 2 and the energy Eq. 3
are defined for a steam/water mixture, where ρ is density, t is time,
v is the velocity vector, δ is the Kronocker delta, p is pressure, τ is
the stress tensor, E is total internal energy, keff is effective
conductivity, T is temperature. The total specific internal
energy is calculated from the relation:

E � hv(1 − yhom) + hlyhom − p

ρ
+ 1
2
vj, (4)

where yhom is the liquid mass fraction arising due to homogenous
condensation and hv and hl are the specific enthalpy of vapour
(steam) and water, respectively.

The “local” real gas equation of state is used in the in-house
code as a mathematical closure of partial differential equations
(Dykas, 2001). The purpose of using this equation is to make an
equation as simple as possible, but very accurate at the same time.
As the flow through the nozzle occurs in a bounded range of
steam parameters, it is not necessary to use the equation of state
covering the whole region of superheated steam. That’s why a
simplified form of the real gas equation of state has been created.

The mathematical form of the used real gas equation of state 5)
is similar to the virial equation of state with one virial coefficient.

p

ρRT
� z(T, ρ) � A(T) + B(T)ρ (5)

where

A(T) � a0 + a1T + a2T
2,

B(T) � b0 + b1T + b2T
2.

Coefficients a0..2 and b0..2 of polynomials A(T) and B(T)
depend on temperature only and can be found by
approximating the thermodynamic properties of steam given
in the IAPWSIF′97. It can easily be noticed that this equation
is represented by a relatively uncomplicated approximate surface
(cf. Figure 3, Dykas, 2001).

Eq. 5 was named the ‘local’ equation of state (LEOS), as it
can be used in a limited parameter range only. This equation
can be applied to arbitrary real gases, not only to steam, and
to the ideal gas assuming a0 = 1 and a1, a2, b0, b1, b2 = 0. The
numerical algorithm for the RANS equations closed by the
real gas equation of state is more complicated than the one
for the ideal gas equation of state. It lengthens the
computational time, but ensures accurate calculations of
steam parameters.

LEOS coefficients are determined using a twenty-year-old
in-house program, the graphic interface of which is currently
not of the best quality (Figure 4). Figure 4 presents the
numerical tool for determining the LEOS coefficients. The
IAPWS formulations usually do not cover the supercooled
steam region, i.e. the region much below the saturation line.
Therefore, by building the “local” real gas equation of state, it is
necessary to create a possibility of smooth extrapolation of the
steam properties from the superheated region into the
subcooled one. The extrapolation may proceed along
isobars/isochores (Figure 4 left) or along isotherms
(Figure 4 right). The red vertical line denotes the

FIGURE 3 | Mollier diagram of the “local” real gas equation of state near the saturation line.
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approximate expansion line in the nozzle, and the “+” sign
symbolizes the location of total parameters. The black
quadrangle shows the LEOS range for which the coefficients
were determined. After many tests it was proved that assuming
for the LEOS a range covering the supercooled region, the
determined real gas equation of state for steam gave incorrect
results in CFD modelling. This is probably due to exceeding
the range of the IAWPS formulation for the metastable region.

ANSYS Fluent
In the case of the Fluent code, the energy equation has the
following form:

z

zt
ρE + z

zxj
(vjρE + vjp) � z

zxj
(keff z

zxj
T + τijvj ) + SE (6)

where SE is the source term due to homogeneous condensation

SE � Syhom.(hv − hl). (7)
The physical properties of steam and water, i.e., saturation

temperature, saturation pressure, latent heat, specific heat,
thermal conductivity, viscosity and water density are
computed based on the IAPWS relations. They are computed
interactively in an external code and introduced to the ANSYS
Fluent code by means of UDFs.

Condensation Model
It is necessary to consider another transport equations to
model the phase change due to homogeneous condensation.
Partial differential equations (PDEs) express the number of
droplets per kilogram (n), created due to the nucleation
process, and the liquid mass fraction (y), due to
homogeneous condensation (hom). The additional transport
equations which are implemented in the in-house CFD code
(Dykas et al., 2018a; Dykas et al., 2018b) and in the ANSYS
Fluent software (Wiśniewski et al., 2020) take the following
form:

zρyhom

zt
+ z

zxj
(ρvjyhom) � Syhom (8)

zρnhom
zt

+ z

zxj
(ρvjnhom) � Snhom (9)

where S represents the source term: for —the source of mass of
the condensed liquid due to homogenous condensation, for Eq. 9
– the source of droplets per kilogram of steam generated due to
the nucleation process. The source terms are defined by the
following formulae:

Syhom � 4
3
πρρlrp3Jhom + 4πρρlnhomr2hom

drhom
dt

(10)

FIGURE 4 | Parameter ranges for which the coefficients for the local equation of state were determined; left–pressure/density extrapolation into the supercooled
region (LEOS 1), right–temperature extrapolation into the supercooled region (LEOS 2).
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Snhom � ρJhom (11)
where J is the nucleation rate presenting the number of nuclei
with critical radius r* formed in 1 kg of moist air in one second; r
is the droplet radius, which is calculated based on the water mass
fraction and the number of droplets:

r � ( 3yhom

4πρlnhom
)1/3

(12)

It should be noted that in the case of heterogeneous
condensation due to the presence of external nuclei, the
droplet radius also accounts for the radius of the suspended
particle.

The homogeneous condensation process is triggered by
spontaneous nucleation, whereby nuclei, reaching the critical
radius, form in the fluid due to rapid supercooling. In this
model, the critical radius was based on the Kelvin equation:

rp � 2σ
ρlRvTv ln(S) (13)

where σ is the steam surface tension, Rv is the individual gas
constant, Tv is the steam temperature and S � pv/ps is
supersaturation, the ratio of steam partial pressure to
saturation pressure. Assuming an equilibrium distribution of
motionless clusters multiplied by the collision rate based on
the kinetic theory of gases, the Volmer equation is formulated
to describe the formation of condensation nuclei in 1 kg of moist
air in one second:

Jhom � C

����
2σ
πm3

v

√
ρv
ρl
e
(−4πrp2σ

3kTv
)

(14)

where C is the Kantrowitz correction factor (Kantrowitz, 1951)
defined as:

C � αc

1 + 2(γ−1)
(γ+1)

(hv−hl)
RvTv

((hv−hl)RvTv
− 1

2) (15)

where γ stands for the ratio of specific heat capacities,mv is the mass
of one molecule, ρl is the liquid density at temperature Tv, and αc
represents the condensation coefficient, which is equal to one. In the
non-isothermal Kantrowitz correction, it was assumed that all
growing droplets have the same excess temperature. In the
presence of a large volume of the gas phase such as moist air, as
the collisions of condensed molecules with inert gas molecules are
much more common than those with condensed droplets, the
isothermal assumption is justified. . Finally, it reduces nucleation
by a factor of 50–100.

Once a cluster of nuclei is formed in supercooled vapour, their
further growth can be described as a function of supersaturation,
the droplet size and thermodynamic properties. According to the
gas dynamics theory, the collision frequency of steam molecules
with condensed nuclei is associated with the mean free path of the
steam molecules and the radius of water droplets. The larger the
Knudsen number (Kn), the smaller the diameter of the droplet.
The equation for calculating Kn is:

Kn � lS
2r

�
μl
p

���
πRT
2

√
2r

(16)

where ls is the mean free path of the steam molecule, μ is
dynamic viscosity of moist air, T is temperature, R is the gas
constant; p is the moist air pressure, r is the droplet radius. If Kn
< 0.01, the droplet growth process can be described as a
continuous flow region. If Kn > 4.5, the droplet growth is
governed by the free molecular flow. If 0.01 ≤ Kn ≤ 4.5, the
transition region is the case.

The continuous model is derived for very large droplets.
Considering that the droplet growth rate model should be
applicable for small droplets, several models which take
account of the Knudsen number were derived. Heiler (Heiler,
1999) was the first to use the Fuchs-Sutugin difference formula to
correct the Gyarmathy continuous model:

dr
dt

� 1
ρl
· (1 + 2Kn )(1 − rp

r )
r(1 + 3.42Kn + 5.32Kn2) · ( λvRvT2

v

(hv − hl)2) · ln(S) (17)

In the presented codes, the condensation model with the
Fuchs-Sutugin correction and the nucleation rate with the
Kantrowitz correction are implemented.

RESULTS AND DISCUSSION

A structured mesh was used for the analysed nozzle. It was
generated using the ICEM CFD software (cf. Figure 5). The
calculations were performed with the in-house CFD code and the
ANSYS FLUENT 2019R3 package with the UDF to cope with
additional transport equations and the IAPWS relations. Both
codes operated on the same numerical mesh. The steam
properties were taken from the IAPWS97 formulation. The
k-ω SST turbulence model was applied in both codes. After
the mesh-independence test (Zhang et al., 2021), the number
of the mesh nodes was adopted as 81 × 301 × 3 keeping the y +
value of 1. The nozzle walls are treated as no-slip, smooth and
adiabatic. The total pressure and the total temperature values
together with the turbulent intensity of 5% were set at the inlet.
The values of the inlet boundary conditions are listed in Table 1.
The boundary condition for the nozzle outlet was supersonic, and
symmetry was assumed for the lateral walls.

Studying the results of the International Wet SteamModelling
Project (IWSMP) (Starzmann et al., 2018) obtained worldwide
from research on condensing steam flows in nozzles, it can be
noticed that they were compared for static pressure and the mean
droplet radius only. The explanation was that only these values
were available from experimental research. True, direct

FIGURE 5 | Computational domain of the IWSEP nozzle.
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measurements of enthalpy, entropy or efficiency are impossible. It
is puzzling though that the numerical results obtained for all used
numerical codes with different condensation models and gas
equations of state more or less coincide with experimental
data. This was possible because condensation models include
many correction factors which can be easily used to calibrate the
numerical result to get satisfactory agreement with experimental
data. Presenting the enthalpy-entropy diagram of the expansion
line in nozzles together with isentropic efficiency would verify the
usefulness of the applied numerical codes. After all, the CFD
codes modelling the condensing steam flow are intended to
determine the losses related to the appearance and presence of
the liquid phase in the flow, and this cannot be done without
proper determination of the thermodynamic parameters
of steam.

The CFD results obtained by means of the two codes were
compared with experimental data with respect to the static
pressure distribution along the nozzle bottom wall and the
wetness mass fraction, as well as the droplet diameter along
the nozzle centre line (Zhang et al., 2021). Figure 6 shows the
comparison of the static pressure distribution along the bottom
wall of the nozzle. The results obtained using the in-house CFD
code with two local equations of state (LEOS1 and LEOS2) and
those produced by the ANSYS Fluent package were compared
with experimental data. In both CFD codes the location of the
onset of condensation is very similar and agrees with the
experiment. However, for the ANSYS Fluent results the
intensity of the condensation wave is much lower compared to
the in-house CFD code and the experiment. However, for
assessing the quality of an individual CFD solution more
experimental data is needed.

Figure 7 gathers the static pressure maps for the numerical
results produced by the two CFD codes. In spite of the same
numerical mesh and similar resolution of spatial discretization
(MUSCL method), it is observed that the quality of the ASNYS
Fluent results is poorer. In order to achieve similar spatial
resolution, the number of the mesh nodes in the X direction
in the numerical mesh for the ANSYS Fluent code should be at
least twice higher.

Good agreement can be seen between CFD results and
experimental data in relation to the mean droplet diameter (cf.
Figure 8) and the wetness mass fraction (cf. Figure 9). However,
there is a noticeable difference in the case of the mean droplet
diameter between the ANSYS Fluent results and the results from
the in-house CFD code obtained for two local equations of state,
the LEOS1 and the LEOS2. The best agreement between the CFD
results and the experimental data can be observed for the in-
house code with the LEOS2, i.e. the local equation of state that

FIGURE 6 |Comparison of static pressure along the nozzle bottom wall.

FIGURE 7 | Static pressure maps.
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extrapolates the gas properties into the wet steam region along
isotherms. This is probably caused by a better prediction of the
gas phase properties in the wet steam region. So far, all CFD
results have demonstrated satisfactory agreement with the
experiment regarding static pressure and wetness mass
fraction distributions. One visible difference is in the mean
droplet diameter, what is difficult to explain It just shows how
sensitive is the solution to the gas phase thermodynamic
properties.

Comparing the other thermodynamic parameters, it is found
that without an accurate real gas equation of state for the
mathematical closure of the steam flow governing equations,
huge differences arise in temperature, entropy, enthalpy, etc.

It can be seen that even slight differences between the LEOS1
and the LEOS2 cause significant differences in the results. It
should also be remembered that to model the wet steam flow, the
gaseous phase properties are needed, and these are normally not

available in the IAPWS data because much below the saturation
line their experimental verification is difficult.

Figure 10 shows small differences in the static temperature
distribution along the nozzle centre line between the CFD in-
house code with the LEOS1 and the LEOS2. After the
condensation onset, the static temperature obtained from the
ANSYS Fluent software differs from the in-house code results
significantly. Before the onset of condensation, all static
temperature distributions are very much the same.

Similarly, for the enthalpy-entropy diagram of the
expansion line (cf. Figure 11), all results are very similar
until the condensation wave. After the condensation

FIGURE 8 | Comparison of the mean droplet diameter along the nozzle
centre line.

FIGURE 9 | Comparison of the wetness mass fraction along the nozzle
centre line.

FIGURE 10 | Comparison of static temperature along the nozzle
centre line.

FIGURE 11 | Comparison of the enthalpy-entropy diagram of the
expansion line along the nozzle centre line.
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process, small differences are observed for the in-house CFD
code with the LEOS1 and the LEOS2. For the ANSYS Fluent
results, after the onset of condensation a very high increase in
specific entropy can be observed. This leads to the expansion
line of abnormal deviation to the right, out of the specific
entropy range marked in Figure 11.

Finally, the Ansys Fluent CFD results cannot be used to
calculate the isentropic efficiency of the expansion process in
the nozzle from the equation

η � h1 − h2
h1 − h2 + T2ds1−2

(18)

(where subscripts 1 and 2 denote the nozzle inlet and outlet,
respectively) because the isentropic efficiency value would then be
about 0.3 (30%). Considering the results from the in-house CFD
code, the calculated isentropic efficiency is 0.984 for the LEOS1
and 0.980 for the LEOS2. The losses due to the homogeneous
condensation process in the nozzle usually amount to a few
per cent.

SUMMARY AND CONCLUSION

This paper presents a comparison of the CFD results of the
condensing steam flow through the IWSEP nozzle. The flow was
modelled numerically using an in-house CFD code and the
ANSYS Fluent software. The numerical results were compared
with experimental data for one set of inlet boundary conditions.
The aim of the comparison was to find the differences between
the two CFD codes with regard to the thermodynamic parameters
which are usually not taken into account by researchers working
on this problem. The two quantities which are usually taken into
consideration in the analysis of condensing steam flows are the
static pressure distribution and the mean droplet diameter. In our
opinion, after many years of dealing with condensation models in
two-phase flows, the first and the most important thing is to be
sure that all thermodynamic parameters for the gaseous phase are
calculated properly.

Based on the analysis of the performed comparison, the
following remarks can be made:

• The in-house CFD code uses the real gas equation of state to
solve the governing equations for the compressible flow.

• In the ANSYS Fluent software it was difficult to implement
the real gas equation of state to solve the governing
equations. The steam properties were computed
interactively in an external code and introduced into the
ANSYS Fluent code using the UDF.

• Both CFD codes showed good agreement with the
experiment in relation to the static pressure distribution
and the wetness mass fraction.

• The mean droplet diameter values agree with the experiment
very well for the results obtained using the in-house code with
the LEOS2. This proves that the influence of the gas equation
of state on the results is very strong.

• Using the in-house CFD code, the expansion line for the
condensing steam flow in the nozzle can be drawn correctly,
which was not possible using the ANSYS Fluent software.

• The isentropic efficiencies calculated from the results of the
in-house CFD code have realistic and expected values.
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