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Numerical simulation of the steam flow
through a balanced control valve

)

Balanced control valves need lower lift force due to the use of a balancing valve cone. The main
cone is freely suspended on the stem and that is why this type of control valves inclines to vibrations.
It is necessary for this type of valves to pay special attention to the steam flow conditions and to the
aerodynamic forces. The flow through the balanced valve was studied using a mathematical model and
also experimentally.

Numerical calculations of the flow through a balanced valve is based on application of Navier-Stokes
equations for compressible flowing medium together with k — & turbulence model. The RAMPANT code
was used for calculations. The task was solved alternatively for the assumption of axially symmetrical
flow and the 3D flow. The unstructured mesh with (12 — 18) - 102 triangles was applied for axially

symmetrical flow. The mesh of 160 - 10® tetrahedral elements was used for 3D flow and the Multigrid
solver was applied for getting better convergence.

The results of numerical simulation are compared with some experimental results of the balanced
control valve.

1. Introduction

The balanced control valves need, due to the use of the balancing cone (1),
lower lifting force. The main cone (2) is freely suspended on the stem and in the
application of the so called beam control, is also the stem freely suspended on
the beam — see diagrammatic arrangement on Fig. 1. Due to the free position of
the main cone and of the stem, is this valve type very apt to vibrations. Special
attention must be paid to the conditions of steam flow and to the aerodynamic
forces. The flow through the valve shown in Fig. 1 was investigated by means of
the mathematical model and also experimentally for different geometric arrange-
ments. Attention is paid in the paper to the influences of the main and balancing
cone shapes on the structure of steam flow through the control valve.

'SKODA TURBINY s.1.0., Plzefi, Czech Republic
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Fig. 1. Diagrammatic arrangement of the balanced control valve.

2. Computational model

The numerical solution of the flow through the balanced valve is based on the
use of the Navier-Stokes equations for the compressible medium, with the k — e
turbulence model reflecting the turbulence. The code RAMPANT was used for the
computation. The problem was solved with the assumption of axially symmetrical
flow, the 3D flow formulation and with consideration of axially symmetrical flow
inlet. The triangular non-structured mesh is applied for the region of the axially
symmetrical flow with the elements number (12— 18)-103. For the 3D solution the
mesh is used which represents the section of 1/6 valve, which contains one of six
relieve openings in the main cone. The computation mesh is formed by 160 - 103
tetrahedral elements. The example of the boundary planes of the 3D computation
mesh is obvious in the Fig. 2. The solver Multigrid is used in the calculation to
accelerate convergence.

The openings in the circumference of the main cone were for the axially sym-
metrical solution replaced by a fissure. The shapes of the main and balancing
cones were investigated in 2 variants according to Fig. 1: old execution A, newer
execution B.

In the next part interest is focused on two regimes of the superheated steam
flow through the valve according to the Fig. 1. The first alternative presents the
typical example of partially opened valve, with the relative lift of the main cone
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Fig. 2. 3D mesh on the computational region boundary.

pressure ratio € = 0.75. The second variant deals with the opened valve. The

h/D = 0.04 (h — lift of the main cone, D — smallest diffuser diameter), with the
relative main cone lift h/D

0.6 and the pressure ration £ = 0.96.

3.

Calculations and analysis

0.04

Partially opened valve h/D

3.1.

At first we present the results of the axially symmetrical flow through a par-

tially opened valve.

The isolines of the Mach number are shown in the Fig. 3. The pressure ratio
e = 0.75 in the whole valve corresponds the Mach number of the isentropic flow

M;s = 0.68, but the local Mach number values are considerably higher.

2t

For the older variant of the main aifid balancing cone shape A, exceeding of

the sonic velocity, occurs even in the channel under the main cone. The maxi-
mum Mach number M,,,, = 1.6 is reached in the supersonic region. Behind the

supersonic region follows the shock wave and the velocity drops down below the

sonic values.

For the main cone shape according to the variant B, velocity in the proxi-
mity of the valve seat is more favourable. The Mach number reaches the value

Mz = 0.9 and the flow along the diffuser wall is more fluent. It is obvious for

gradient. The variant B indicates the evident stream separation at the bottom
of both cones, with small differences in velocities. It corresponds to a more even

the variant A that at the bottom of the main and balancing cones there is an
attached flow with the velocity gradient and this means also with the pressure
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Fig. 3. Isolines of the Mach number for partially opened valve (h/D = 0.04) a) variant A, b) variant B.

pressure distribution. The aerodynamic force, which acts in the axis direction on
the movable part of the valve is for the variant B lower by 6.4% compared to the
variant A. :

The flow structures are obvious from the velocity vectors distribution shown
in Fig. 4. In variant A we observe the drop of the velocities at the diffuser wall
resulting in the flow separation. In the diffuser wall proximity there is created the
region filled with vortices. Steam flow is cumulated in the proximity of the diffuser
axis. Flow separation does not occur at the bottom of the main and balancing
cones, but the flow is close to separation. Small vortex regions are visible in the
inner space of the main cone.

Structure of the flow along the main cone for the case of variant B is different.
There is evident flow separation at the end of channel under the main cone and the
flow layer has higher velocity along the diffuser wall. Between the central and the
wall flow in the diffuser is the vortex region. Also at the bottom of the balancing
cone the flow separation is unambiguous. The vortex regions are present also in
the inner space of the main cone.

In Fig. 5 the distribution of the streamlines are shown. Main differences
between the variants A and B are in the outer flow layer in the diffuser. As it
was already mentioned, the variant A is marked by the flow concentration close
to the diffuser axis. In variant B one part of the flow goes near to the axis and the
other close to the diffuser wall. The total mass flow is increased for the variant
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Fig. 4. Velocity vectors for partially opened valve (h/D = 0.04) a) variant A, b) variant B.

0

a) b)

Fig. 5. Streamline distribution for partially opened valve (h/D = 0.04) a) variant A, b) variant B.
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B, when compared with the variant A, by 2.5%. The relative flow through the
channel under the main cone drops down from 39% in variant A, to 36% in
variant B.

Computation using 3D formulation of the flow did not show more significant
differences to the axially symmetrical flow. More precise conditions are of course
found in the proximity of the openings in the main cone. In Fig. 6 is as an example
shown a graphical demonstration of the 3D streamlines at inlet of the valve.

Fig. 6. 3D streamlines at the inlet for partially opened valve h/D = 0.04.

3.2. Opened valve, /D = 0.6

The flow field of the opened valve is nearly identical for the variants A and
B and that is why they only some results of the computation of the axially
symmetrical flow for the variant B will be discussed.

The Mach number of the isentropic flow M;s = 0.25 belongs to the pressure
ratio € = 0.96 related to the whole valve. The flow is with low velocities. From
the isolines of the Mach number, shown on the Fig. 7, it is visible that the highest
values of velocity are reached at the throat (min. diameter) of the diffuser M4, =
0.45. At the flow inlet in the diffuser is the velocity relatively uniform, inside of
the diffuser exists the velocity field with a maximum away from the diffuser axis.

The axial component of aerodynamic force at the valve movable part acts in
the flow direction, but is very small.

Fig. 8 indicates the distribution of the velocity vectors in the flow field. There
are obvious small regions with vortices at the bottom of the main and balancing
cones and also in the inner space of the main cone.
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Fig. 7. Isolines of the Mach number for the Fig. 8. Velocity vectors distribution for the
opened valve h/D = 0.6 variant B. opened valve h/D = 0.6 variant B.

The streamlines in the Fig. 9 indicate the uniform flow through the valve. The
relative flow through the channel under the main cone amounts to 93%.

3.3. Comparison of the computational and experimental results

Experiments were made with the balanced valve executed according to the
Fig. 1. The experiments were made in the air and also in the steam tunnel.

The comparison of experimental results for both variants gives the same results
as the calculation.

The mass flow of the variant B is greater by 6.5% than that of the variant A.
The axis component of the aerodynamic force is on the contrary lower for variant
B by 4,5%.

The experiments proved, that the execution of the balanced valve according
to the variant B gives more stable flow, with lower excitation forces, what has the
effect in the lower vibrations. In Table 1 are compared the values of acceleration
a [ms™2], which were measured on stems of the model valves for both variants.

4. Conclusions

From performed work there stem the following conclusions:

e verified was the possibility of the 2D and 3D computation of the flow of
compressible, viscous steam through the control valve with good results
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Fig. 9. Streamlines for the opened valve h/D = 0.6 variant B.

Table 1. Acceleration a ms™2 on the stem of the model valve

Variant h/D | 0.04 | 0.6
A 10" 2.5
B 6 0.5

* the comparison of two variants of the geometry of the main and balancing
cones proved the significant difference in the structure of the flow, especially
by the small lifts of the main cone

e the variant B with the modified shape renders better aerodynamic proper-
ties and the calculated improvements agree with the experiments

e experimentally measured vibrations have shown, that the modified valve
according to the variant B is also more stable due to the lower aerodynamic
excitation forces.
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Symulacja numeryczna przeplywu pary przez zréwnowazony zawor
regulacyjny

Streszczenie

Obliczenia numeryczne przeplywu przez zawdr zréwnowazony oparto na réwnaniach Naviera-Stokesa
dla przeplywu scidliwego oraz modelu turbulencji k-. Obliczenia wykonano przy uzyciu kodu obliczenio-
wego RAMPANT, przy zalozeniu przeplywu osiowo-symetrycznego oraz dla modelu tréjwymiarowego.
Uzyto siatki niestrukturalnej o liczbie (12-8)x 103 trojkatéw dla przeplywu osiowo-symetrycznego. Do
modelowania przeplywu tréjwymiarowego uzyto siatki 160 X 106 czworosciennych elementéw, a w celu
osiggniecia lepszej zbieznosci uzyto solwera Multigrid. Wyniki modelowania numerycznego poréwnano z
danymi eksperymentalnymi dla zréwnowazonych zaworéw regulacyjnych.



