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Abstract

Butterfly valves get this name because the visual of their working principle resembles the wing movements of a butterfly.
In this way, flow control is more ergonomic, and it becomes possible to save water. However, in addition to these
advantages, the difficulty of minimizing flow resistance is observed as a disadvantage. The costs of design improvements
made in valve products, which are produced by the casting method and involve labour-intensive production stages such as
assembly and welding, are quite high. In these cases, computer-aided design and test simulation become more important.
In this study, the designs of the products were carried out by using computational fluid dynamics and finite element
methods. Details of the simulations and design verification stages were included, the designs were made with Solidworks
and these data were validated by ANSYS. As a result of the study, a body and ring designs were achieved with an
improvement of 26% compared to existing products and 32% compared to the industry average. Finally, national and
international patent applications have been made for the unique curved body and gradual shaft designs obtained during the
development phase of the product.

Keywords: Valve design, Simulation, Flow resistance, Water save.

Yeni Nesil Minimize Edilmis Akis Direncli Kelebek Vana Tasarim

Ozet

Kelebek vanalar, ¢aligma prensibine ait gorselligin bir kelebegin kanat hareketine benzemesinden dolayi bu ismi almistir.
Bu sayede akis kontrolii daha ergonomik olmakla birlikte su tasarrufu da saglanmis olur ancak bu avantajlarin yani sira
akis direncini en aza indirmenin zorlugu da bir dezavantaj olarak goriilmektedir. Dokiim yontemiyle iretilen ve montaj,
kaynak gibi emek yogun iiretim asamalarini igeren vana iirlinlerinde yapilan tasarim iyilestirmelerinin maliyetleri oldukca
yiiksektir. Bu gibi durumlarda bilgisayar destekli tasarim ve test simiilasyonu daha da 6nem kazanmaktadir. Bu caligmada
hesaplamal1 akiskanlar dinamigi ve sonlu elemanlar yontemleri kullanilarak iiriinlerin tasarimlar1 gerceklestirilmistir.
Simiilasyon ve tasarim dogrulama asamalarinin detaylarina yer verilmis olup, tasarimlar Solidworks ile gerceklestirilmis
ve bu veriler ANSYS ile gecerli kilinmustir. Calisma sonucunda mevcut iiriinlere gore %26, sektor ortalamasina gore ise
%32 iyilesme saglayan bir govde ve klape tasarimi elde edilmistir. Son olarak iirliniin gelistirme asamasinda elde edilen
Ozgiin kavisli govde ve kademeli mil tasarimlar1 i¢in ulusal ve uluslararasi patent bagvurulari yapilmistir.

Anahtar kelimeler: vana tasarimi, Simiilasyon, Aks direnci, Su tasarrufu.
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1. Introduction

According to current research, it was determined that annual water consumption the ratio is 800
m®/person [1]. 2.3 billion people are trying to continue their lives by completely deprived of drinking
water [2]. According to the similar studies, the number of countries that will have problems regarding
to reach the water and survive under these conditions up to 54 by 2050 [3]. By considering these data,
the world population will be expected to reach approximately 9.4 billion and it is predicted that 40%
of them will not be able to benefit from the drinking water [4]. Therefore, it is inevitable to use water
resources effectively and prevent waste [5]. For this purpose, fluid transportation and storage systems
reducing water loss to minimum levels become mandatory [6]. The valve designed to ensure this
decreasing flow resistance in systems is of importance [7]. Making these designs is a quite costly
process [8]. For this reason, computer-aided design and simulation programs are used [9].

Computational Fluid Dynamics (CFD) is considered a sub-branch of fluid mechanics and caused from
liquids problems using numerical algorithms by providing analysis [10]. CFD method is used as an
identifiable simulation tool [11], especially in processes involving flow such as liquid/gas [12]. This
method is often used to determine the operating modes of all types of functions and convection [13],
which includes flow, heat-mass movements [14]. But every fluid by using time analytical methods
may not be possible to determine the behaviour, and numerical methods can be used to solve this
problem [15]. Analytical methods are generally based on mathematical functions [16]. Numerical
methods are used when producing solutions in the form generally provides numerical results [17]. The
results calculated using these methods are very close to the real values and can be adjusted to the
desired level [18]. In cases where it is desired to increase the sensitivity of the results the number of
operations that need to be solved by the computer is increasing [19]. Hence this takes a long time, that
causes both calculation times to increase and the computer to work inefficiently [20]. On the other
hand, these simulations are used in the design of butterfly valves, where fluid behaviour is investigated
and increasingly used in the industry, have become more important [21].

Butterfly valves have been designed to control fluid systems within the time specified in the parameters
on preventing the movement [22, 23]. Possible damage to the valve carries risks such as leakage, cracks
and explosion with material contamination and loss [24]. More importantly leaks in the system, such
as poisoning and fire cause dangerous situations to occur [25]. Butterfly valves should be preferred to
prevent such situations [26, 27]. The biggest advantage of butterfly valves on the application is
providing high flow rates compared to its dimensions [28]. This issue becomes important especially
when there is a lack of space in controlling chemical fluids [29]. Therefore, these products are
commonly preferred in the systems, that contain chemicals, wastewater and distribution networks [30-
34].

The motivation that started this study was reducing the friction on the ring surface of the butterfly
valves with an original design that cause to achieve energy efficiency. For this purpose, first the target
properties of the products exposed to the fluids have been defined, then the dynamics calculations,
simulation studies, computer-aided design and prototype manufacturing processes have been carried
out, respectively. The valves used in this study were designed to comply with EN GJS 400-18 LT
standard. Moreover, the raw materials were selected to fulfil the TS EN 1267 standard requirements.
The prototype with process and flow line design simulation was adjusted according to the EN 1074
with the scope of drinking water, distribution lines, industrial applications, water treatment facilities,
pump stations, industrial waste systems. When literature studies were evaluated, pipelines against high
stresses that may occur resistant must meet the EN GJS 400-15 (also known as GGG 40) standard
requirements, so simulation-supported analyses with the defined materials and prototype production
activities were carried out with this purpose. Finally, the original curved for body and stepped shaft
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designs have been performed, successfully. Moreover, a national and an international patent
application have been made.

2. Methodology
2.1. Computational fluid dynamics

CFD is an analysis method, which is widely used in the valve industry. In this way, the flow conditions
of the valve are able to simulate by using various equations that describe 3D flows. It is very important
for designers to have all analyses results carried out before prototype production. It is possible to do
all in a virtual environment and causing to do everything right in the first time with less labour and
material loss. Thanks to this, it can be transferred economically in a short time to mass production of
the product. The three-dimensional designs of products have been carried out by using Solidworks
drawing program. ANSYS computer aided simulation program has been used for CFD analysis and
FEA. Butterfly valve with a diameter of 200 mm, and 1000 mm were chosen as sample to do the
experimental verifications of the study. As in applications 16 bar value most chosen, the nominal
pressure was selected as the same and defined like PN16. While CFD analysis carried out, K-epsilon
turbulence model was solved by keeping the y+ value at 3 and below. The limit in the layers (boundary
layers) and the mesh improvements have been made during the process.

Flow coefficient and pressure loss coefficient formulas were defined according to EN 1267:2012 (E)
standard. Accordingly, the flow coefficient (Kv) is calculated with Equation 1.

Kv = Q+/p + (4p X po) (1)

In the equation, Kv (m*/hour) is the flow coefficient, Q is the flow rate in m3/hour, p is the density of
water in kg/m?, po is the density of water in kg/m? at 15 °C, Ap expresses the pressure loss in the valve
(difference between inlet and outlet pressure).

2.2. Finite element analysis

The valve was designed in FEA complies according to the EN 1704 standard, where the boundary
conditions defined in the strength values. During the FEA phase the parts were presented in two
different numerical formats such as single and assembled. However, Rayleigh-Ritz method was
performed for the interpolation solution.  The specified boundary conditions were applied exactly
as defined in the standard. One and a half times the nominal pressure value for the body, ten percent
of the nominal pressure value for the ring part defined as excess. As a result, obtained from this part,
the material analysis and selection stage should take place.

2.3. Materials selection

The valve model includes 2 parts. First part is body that is in contact with the fluid and material
selection of the body is defined in TS EN 12266 and TS EN 1074 standards. According to these
standards body part must be high strength against the one and half times pressure. As a result of
analyses made according to standards the body material that can withstand the damage was chosen.
The material of the ring was also chosen by the same method with one small difference. As defined in
the standards, the selection materials for the ring are that can withstand ten percent more than pressure
value. The ring strength analysis has been made according to stress and deformation results. As a result
of evaluation for all these data EN GJS 400-15 (also known as GGG 40) material has been defined and
selected. This material matched according to the finite element mechanical analysis outputs, too. The
stresses in the system were discussed and analysed in a virtual-simulated environment. Hence, product
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and process design were carried out. 24 bar pressure was defined on the surfaces of body fluid contact
as a result of finite element analysis. The maximum amount to be applied to body surfaces pressure
values are shown in Fig.1.
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Figure 1. The highest-pressure load defined on the surface for finite element analysis

As the low melting temperature, suitable for prototype production fluidity, easy casting, ease of
machinability, high strength with high wear resistance, and high ductility properties, EN GJS 400-15
material caused to accelerate the process. Thanks to numerical simulation applications, material load-
stress distributions on operations dimensional changes and similar metallurgical and mechanical
properties at different parameters can be revealed before the prototype production. According to the
analysis of equivalent stresses on body design, verification process has been carried out. One and a
half of the nominal pressure of 16 bar for the solid that can operate under 24 bar pressure was applied
on the body by the mechanical analysis as shown in Fig. 2.
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Figure 2. Mechanical analysis of the material selected for the body design under 24 Bar pressure

240 MPa yield strength value has been considered as ten percent more than nominal stress for realized
ring materials mechanical tests by using numerical analysis method. Accordingly, 1.1 times more of
the maximum working pressure (16 bar) was defined as 18 bar for the ring as shown in Fig. 3.

Figure 3. Mechanical analysis of the ring assembled on the body and operating under 1.1 times the nominal pressure
value
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2.4. Flow simulations

CFD analyses for the products designed with EN GJS 400-15 material were carried out under 16 bar
pressure, 4m/s flow rate and with the valve in the fully open position by using finite element method.
Fig. 4 shows the general view of CFD for disc component.

ANSYS
817

Figure 4. Mesh analysis of the disc performed by CFD

A mesh independence test was performed to prove that the results of the mesh analysis performed were

reliable. Fig. 5 shows the corresponding graphic. Accordingly, the volume flow rate was determined

as 116,14569 at element number 8.000.000 and the value was 116,15249 at element number 9.234.500.
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Figure 5. Mesh independence study curve

In order to better interpret the characteristics of this behaviour, velocity vector analysis was performed.
Accordingly, when the valve is in the fully open position, the resistance of the valve and its body
against flow can be characterized more clearly. VVelocity vector analysis of the system in Fig. 6 is given
for a better understanding of the subject.
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Figure 6. Flow velocity vector analysis of the developed design

The other parameter that will support the velocity vector analysis of this system will be its
characteristic behaviour under 16 bar pressure. The pressure distribution of the system is shown in Fig.
7.
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Figure 7. Total pressure distribution on the surface
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When the flow occurs at a certain speed and pressure, the distribution analysis of the flow filaments
of the system is performed and the total strength is analysed. Fig. 8 shows the flow filament distribution
analysis of the system under 16 bar pressure at 4m/s vector speed.
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Figure 8. Flow filament distribution analysis

After all flow and pressure analyses were carried out, hydrodynamic forces on the valve were analysed.
Fig. 9 shows the CFD analysis visual of the hydrodynamic forces on the ring.

Figure 9. Total pressure distribution analysis applied on the surface on the ring
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2.5. Design verification, validation and prototype production

The casting model and core box of the valve, whose hydrodynamic properties were analysed and
designed, were produced on Computer Aided Manufacturing (CAM) software and Computerized
Numerical Control (CNC) benches. Fig. 10 shows the wooden pattern production of the ring.

Figure 10. Model production of the ring

Details of the pattern dimensions are given in mm in Fig. 11. to explain along with its dimensions.
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Figure 11. Model explanation along with its dimensions
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The model design of the body on which the ring would be mounted, where the designed mechanical
strength analyses were verified by simulation, is shown in Fig. 12.

Figure 12. The finish pattern of the ring for the body assembling

The dimension control of the cast body was carried out with the Faro Arm Quantum device and the
report of the measurements was obtained by Faro CAM2 software. Fig. 13 shows the report of the
precise measurements of the body casting.
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Figure 13. Dimension CMM report
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Simulated pressure tests of the produced body and the mounted ring were carried out in accordance
with EN 1074. Pressure tests were evaluated according to whether the valve was leaking or damaged
under 24 bar pressure for the body. The design in which the pressure test was carried out is shown in

Fig. 14.

Figure 14. The ring final design for the pressure test

According to the TS EN 1267 flow resistance test standard, the valve was modeled in the Solidworks
drawing program in a fully open position. The modeling performed is shown in Fig. 15.

2*DN 10*DN

Figure 15. Three-dimensional valve test verification model

Defining fluid inlet and outlet boundary conditions was of critical importance in this modelling.
According to the standard the inlet boundary conditions were defined at a distance of 2xDN from the
valve, and outlet boundary conditions were defined at a distance of 10xDN. Fig. 16 shows the fluid
direction design for CFD.
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Figure 16. Determining fluid directions for CFD

According to the conservation principle, fluid movement is by trying to define the flow structure in
detail at every point of the field or by using a finite by working with the region and establishing the
balance between the incoming flow and the outgoing flow. If the continuity equation is applied to
circular cross-section pipe flows, the continuity equation will be cylindrical due to the geometric shape
of the flow field and the control volume selected accordingly. It should be applied in coordinates
(r,0,z). Incompressible flows in cylindrical coordinate system and the continuity equation for is as
follows

10(rV,) 10(Ve) 19(rV,)
T or tr a0 Tr a2 O )

Here, 1, 0 and z are the radial (radius), tangential (circumferential) and axial directions, respectively,
and vr, vO and vz refers to the flow velocities in radial, tangential and axial directions, respectively.

Flow capacity measurements of the body and ring, which did not detect any problems in the simulation
studies and were produced accordingly, were made in the Kv test device. Fig. 17 shows the prototype
KV test setup.
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Figure 17. Kv test setup for the designed prototype

3. Results and Discussion

Product and experimental designs were carried out with a line pressure of 16 bar, and no plastic
deformation or leakage was observed in the product under 16 bar line pressure.

Simulation studies were carried out so that the fluid coefficient Kv was 3009.9 m*/hour when the valve
was in the fully open position under 16 bar internal pressure and 4 m/s fluid speed. The values obtained
as a result of the tests and flow analysis were measured as 2985 m3®Mhour. This measurement
corresponds to a margin of error of 5% when compared to the design, and in EN 1074 standards this
deviation is expected to be below 10%. For this reason, it was determined that the flow analysis and
physical test results were compatible with each other and no nonconformities were encountered. The
results are included in the physical test report given in Table 1.

Table 1. Physical test report

COMPUTATIONAL FLUID DYNAMICS (CFD) ANALYSIS REPORT

VALVE TYPE : DOUBLE ECCENTRIC BUTTERFLY VALVE / Dikkan Ultra Series

X Default fluid i
DN : 200 R |1 ey © 4 omis )
PN : 16
OPENED POSITION OF OBTURATOR (%) : 100
Velocity from | Fluid Flow Differantial
s (P;:rs)s”re 0”“91(::)55”re CFD Result Rate Pressure (4P) K%
(mis) (m*h) (bar) (m'm)
15,99999 1597740 4096 452.4 0,02259 3009,9

Resistance to 1.5 x 16 bar = 24 bar body internal pressure and 1.1 x 16 bar = 18 bar leakage tests of
product components specified in TS EN 12266 standard have been successfully carried out. The values
in most valves might vary due to losses caused by friction resulting from the actual length of the flow
path, sudden changes in the flow direction, and surface roughness, but when the prototype
manufacturing real test results and simulation results were compared, no difference was detected in
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the Kv values of the product, computer-aided design and prototype production, so the data overlapped
almost exactly.

Fig. 18 shows images of the old and new body designs. The curved body, where flow properties were
improved, can be observed more clearly in this picture.
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Figure 18. Images of old (left) and new (right) body designs

Fig. 19 shows the visual of the old and new disc designs mounted on the valve. The green colour
represents the old design, and the red colour represents the new design. The gain in surface area, which
provides 20% more and homogeneous flow, can be noticed in this picture.
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Figure 19. Superimposed image of old and new disc designs

In the flow tests performed according to the minimum 240 N/mm? yield strength in the body design,
no negative effects were detected under 16 bar and no plastic deformation occurred in the product
under 24 bar pressure.

Resistance to 1.5 x 16 bar = 24 bar body internal pressure and 1.1 x 16 bar = 18 bar sealing tests of
product components specified in TS EN 12266 standard have been successfully carried out. In most
valves, these values vary due to losses caused by friction resulting from the actual length of the flow
path, sudden changes in the flow direction, obstacles in the flow direction and surface roughness, but
when the prototype manufacturing test results and simulation results are compared, no difference was
detected in the Kv values of the product and computer-aided design and prototype production. The
data overlapped almost exactly.

In the tests of the ring material, no problems were detected under stresses exceeding 1.1 times, no
deformation was observed under loads twice the maximum pressure, and the product successfully met
the requirements of the EN 1074 standard.

With the Solidworks sustainability report, a carbon footprint of 140 kg CO2 per product was achieved,
and 26% improvement in existing products. The design and prototype manufacturing of the product,
which would achieve 32% energy saving with a total energy consumption of 1400 MJ/product with
material, production and product life, has been carried out (Fig. 20). This chart was obtained by making
a systematic comparison of 24 national and international products in the sector. Finally, national and
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international patent applications have been completed for the unique curved body and gradual shaft
designs obtained during the development phase of the product.

Total Energy Consumption (mJ(/product)

CURRENT PRODUCT

SECTOR AVERAGE

NEW DESIGN

0

Figure 20. Total energy consumption graph

500 1000 1500 2000

4. Conclusion

Efficient use of water resources has become inevitable within the scope of combating the climate crisis.
Efforts continue to reduce the carbon footprint, which is one of the main reasons for the climate crisis
and a measure of global warming. As a result of this study, energy losses were reduced by 32% and
carbon footprint was reduced by 26% with improvements in flow coefficients in the butterfly valve
product designed. The 95% overlap between simulation-supported tests and real test data in body and
ring designs has once again demonstrated the importance of simulation-supported designs. As a result
of the studies carried out in the article, national and international patent applications were made for
the unique curved body and stepped ring structure. The first patent in the valve industry was published
in 1839, and patents for almost all valve components were obtained in the mid-1900s. Therefore, all
national and international patents were scanned, and it was determined that no patents were received
regarding the developed curved body and gradual ring design. This result made the study more original.
Finalization of the commercialization of the studies carried out in the article, a completely domestic
and national product that is long-lasting, highly energy efficient, and aims to protect environmental
and human health values has been introduced to the valve industry.

List of Symbols

CFD Computational Fluid Dynamics
FEA Finite Element Analysis

CAD Computer Aided Manufacturing
CNC Computerized Numerical Control
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