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Abstract

This paper presents a numerical simulation of flow past the butterfly valve in
static and dynamic analysis using commercial fluid dynamics software FLUENT. In static
analysis, the positions of the disk were set to be 0°( completely opened ), 30°, 45°,
60° and 75° under 1, 2 and 3m/s water speed. The values of angular velocity were

set to be 0.039 and 1.57 rad/s under 1m/s water speed in dynamic analysis. The
study focuses on the investigation of the characteristic of loss coefficient and torque
behavior of the 150 mm and 300 mm butterfly valve. From the results obtained, it was
found that the loss coefficient and torque values increased when the disk angle was
increased. By increasing the water speed, the loss coefficient remained constant while
torque value increased. In dynamic analysis of both angular speeds, the maximum
torque occurred around 70°—80° in closing turn and 100°—-110° in opening turn.
The experiment was also carried out to verify the numerical results. By comparing
between the experimental and numerical method, it was found that the loss coefficient
and torque value could be determined responsibly. The acceptable comparisons were
seen.
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Chapter 1 Introduction

The opened-closed controller or safety unit fordiflow in piping system is a
necessary element in every piping configuratione @h the most well-known is
butterfly valve. The butterfly valve has 3 main qmments consisting of the body, the
shaft and the valve disk. It is commonly set up itite system to induce the flow as
well as to be a safety device. Not only its lowtcobst also its simple mechanical
assembly that makes the butterfly valve to be usefar any other valves. Butterfly
valve also provides the large flow capacity atcbepletely open position. Moreover
when compared to various valve designs of comparsizk, butterfly valve are also
advantageous.

The main standard variables of butterfly valve, ssdering for classification
are the loss coefficient and the hydrodynamic terqlihe loss coefficient is
individual value in each type of valve. This valimat is caused by flow through a
valve becomes significant parameter for unique exalMormally, the primary
objective of butterfly valve is to regulate thevileate. This will be accomplished by
changing the geometry of the butterfly valve. Fraraple: opening or closing the
valve will change the flow characteristics insitle pipe. And for one butterfly valve,
the flow field characteristics will also behaveféiently in different angle of attack of
valve disk. However the loss behavior of any vajeemetry can be proposed by the
loss coefficient.

Another parameter is torque which is obviously usedotate the position of
the valve disk. The value of torque strongly depeod 2 factors consisting of
hydrodynamic torque and friction torque. Chandimg angle of butterfly valve disk
and flow capacity as well as the size of water @iae induce the flow which influent
the pressure profile on the disk surface and trseiltieg hydrodynamic torque.
Therefore, to investigate the hydrodynamic torqou@racteristic, the basic parameters
such as volume flow rate, size of pipe and positibdisk need to be set in different
cases.

In reality, the investigation of the loss coeffitiend torque from experiments
will take long time and a lot of money. In this easch, the numerical study of loss
coefficient and torque of a butterfly valve wasrizat out by using commercial fluid
dynamics software FLUENT. The study focuses onrliestigation of the steady and
statistical properties of the flow. The simulatas done for 5 different positions of
valve disk which aré°, 30°, 45°, 60° and 75°. The dynamic analysis was also
conducted under 2 conditions of butterfly valvepeed, consisting in normally and
rapidly rotated condition. The experiment was donder the butterfly valve’s size of
150 millimeters diameter at the position 45°, 60° and75° of the valve. These
values will verify the results from the numericattinod. The characteristic of the loss
coefficient and torque behavior of the flow acrdss butterfly valve can be analyzed
from this study.



Chapter 2 Theory

2.1 Head Loss

Head loss is a measure of the reduction in thd tead of the fluid as it
moves through a fluid system. It can be explainedha energy equation for steady
incompressible flow

2 2
ﬂ+alv—1+lei+azv—2+22+hL (2.1)
4 29 4 29
P :
Where — is a pressure head
y
y is a specific weight
V2
— is a velocity head
29
Z IS an elevation head
h, is a head loss

Head loss is unavoidable in real fluids. It is pr@ed because of the friction
between the fluid and the walls of the pipe and ftigion between adjacent fluid
particles as they move relatively one to anothdctibnal loss is that part of the total
head loss that occurs as the fluid flows throughigtit pipes. However, most pipe
system consists of more than straight pipes. Therotomponents such as bends,
valves and gates etc. installed into the systemhadd losses to the overall head loss.
The head loss associated with flow through a vadveommonly known as minor
loss. In general, the head loss information for edimponents is given in
dimensionless form and based on experimental dasa@wn in table 2.1



Type pf Component K.

Tee Line flow, flanged 0.2
Line flow, threaded 0.9

Branch flow, flanged 1

Branch flow, threaded 2
Elbows Regular 90, flanged 0.3
Regular 90, threaded 1.5
Long radius 90, flanged 0.2

Long radius 90, threaded 0.7

Long radius 45, flanged 0.2

Regular 45, threaded 0.4

Valves Globe, fully open 10
Angle, fully open 2

Gate, fully open 0.15

Gate, % closed 0.26

Gate, % closed 2.1

Gate, ¥ closed 17

Table 2.1 : The examples of Loss coefficient fgggpcomponents

The most common method is to specify the loss @wefit, K, which is
defined as

Ceh o AP (2.2)
(V /29) lp\/2
2
It can be shown as
AP = KL%,OVZ (2.3)
Or
V2
h =K, — 2.4
=Ko (2.4)

2.2 The Previous Researches of the Butterfly Valve

The study of the flow past the butterfly valve lhe@gn done for long times. In
the early period, only experiments were carriedtoumvestigate the characteristics of
the flow through the butterfly valve. Due to linoit technology, the numerical method
was not popular yet. In 1988, Eom K. studied redearamed “ Performance of



Butterfly Valves as a Flow Controller ”. The studhwestigates the performance of
two different configurations of butterfly valve, msisting of perforated and solid

blade as shown in Fig 2.1. The total pressure lABsacross the valve is measured in
constant4” pipe diameter as shown in Fig 2.2 to investightedharacteristic of loss

coefficient of every 10 degrees from 0 to 90 degré@om experimental results, it
was found that the maximum loss coefficient of hdsdisk is a little larger than a

perforated disk when the valve approached the dlpssition. These results support
the suitability of a butterfly valve as a good flaeentroller.

AN
WA

A -
a ) solid Disk

_..L_ 08 mm Thick

Rod 48 mm dlﬂ Section A-A

0 o
o ©0(,.°

o |0
') O] o

0 o}
] o o
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o
b ) Perforated Disk

Figure 2.1 : The blade configuration
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Figure 2.2 : The flow across butterfly valve

The butterfly valve becomes very popular in vari&usds of piping system.

The valve may be installed in different conditiosisch as in incompressible and
compressible flows. It also can be set up by diffieitypes of the valve disk. Due to
effect of the flow conditions and the valve configtion, the flow past the butterfly
valve may be different. So Morris M. J. and DutthnC. have conducted research
named “ Compressible Flow field Characteristic afttBrfly Valves “ in 1989. Two
basic valve disk geometries, shown in Fig 2.3 .enesed: a generic biconvex circular
arc profile and the mid plane cross-section ofaqiype butterfly valve. The research
focused on the actual flow field within a butterfiialve and the influence of the
corresponding flow phenomena on the operating cheniatics of the valve. This
experiment was carried out with two-dimensionalveainodel, in a rectangular wind
tunnel test section. For these flow conditions,Regnolds number and Mach number

varied over the approximate rang@&8x10’ < Re< 52x10° and004<M < 064
respectively. The experimental results showed thatflow field through butterfly
valve was extremely complex and depended on thee\ditk geometry, the operating
pressure conditions and the disk angle. The fl@hdfimay consist of regions of strong
pressure gradients, shock waves, flow separatidmeattachment as show in Fig 2.4.



Qt 1/ [1

Circular Arc Disk I ; Flat Plate Disk * ?

Figure 2.3 : The schematic of the two-dimensionaldiunnel test section used in the
butterfly valve flowfield studies

a) By /By =075

c) By /R, =075 d) Py /R, =033

Figure 2.4 : The schlieren photographs of the flield at o = 45° for the flat plate
valve disk : (a p,/PR,, = 075, (b ) P, /P,, = 025and for the circular arc valve disk :

(¢c)P,/P, =075, (d)P,/P, = 033



Torque is another standard parameter of the blytteaifve. To investigate the
torque characteristics, In 1989, Morris M. J. angtbn J. C. studied “ Aerodynamic
Torque characteristics of Butterfly Valves in Coessible Flow “. This study
focused on an experimental investigation of th@adamamic torque characteristics of
three-dimensional and two-dimensional valve at eldoland unchoked operating
points. The experiment, as shown in Fig 2.5, runtviy types of disk consisting of
flat plate type and circular arc profile type, slalnvn Fig 2.6. The valve disk angle
was varied in a range from fully opened,=0° to nearly closed positiony = 70°,
under condition of Mach number004<M < 06%nd Reynolds number
1.3x10° < Re< 52x10°. The experimental results showed that a threeusineal
valve flow field is different from a two-dimensidmaodel flow field. The differences
occur such as the separated and reattachment gbmnt$She torque characteristic of
butterfly valve is strongly related to the sepamatand reattachment characteristics of
the flow. However, at both valve disk angles cquoewling to a fully opened and
fully closed positions, the influence of disk shdpevalves is minimum due to the
balance of aerodynamic forces.

2 VDI Standard
Control Measurement Section

Valve =T= :

)
L=<
>

5
B
¥
—_—
W
"'“\P
‘o
I

Figure 2.5 : The schematic of experimental apparat nomenclature for model
valve experiments
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Figure 2.6 : The blade configurations

In reality, the butterfly valve will be involved thi many types of device in the
piping system. Elbow is one of them. In 1991, NoiM. J. and Dutton J. C. have
done research named “An Experimental InvestigadioButterfly Valve Performance
Downstream of an Elbow *“. This investigation foodiseon the operating
characteristics of three butterfly valve modelseTpipe Reynolds numbers were

approximately3x10* to 7x10°. The angles of valve disk were positioned in range
from O deg( fully opened ) to 70 deg( nearly clo¥e@ihe operating characteristics of
interest comprised the dimensionless static pressuap, mass flow-rate capacity and

aerodynamic torque, reported as a dimensionlesgieoIC, Eﬁ, where

1 2
T is the aerodynamic torque aridl is the valve diameter. The valves and the elbow
were spaced at the distances of 2, 4 and 8 pipeediéa. This investigation used air as
the working fluid through the system which was petis shown in Fig 2.7. The
results show that the operating characteristica tutterfly valve can be changed
dramatically by valve/elbow interaction. When thewe is located 2 pipe diameters
downstream of the elbow, the operating characiesigire immediately affected by
the relation valve/elbow orientation. However, aspacing of 8 pipe diameters the
effect of the elbow on the valve operating chamgstie is small. An example of
experimental results is shown in Fig 2.8.



Valve/Elbow Crientation: A

Valve model

Flow Direction

Valve/Elbow Orientation: B

Flow Direction

Valve/Elbow Crientation: C

Valve model

Flow Direction

Figure 2.7 : The three valve orientations relatovéhe upstream mitered elbow
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Figure 2.8 : The typical results from a water flaeross the butterfly valve

After the numerical method becomes famous, manytiged engineering
works as well as the flow past the butterfly valwvere solved to investigate the
characteristic of the flow-field. In 1996, Huang &d Kim R. H. did a research
named “Three-dimensional Analysis of Partially Oggartiterfly Valve Flows “. This
study focused on fluid flows through a circularkdia a circular pipe as shown in
Fig2.9. The main parameters which were used werie diameteD = 25.4 mm,
and a defined as valve disk angle from O to 90 degWg.was velocity inlet, which

was 0.9144 m/s. The water was used as an opefatidgThe inlet turbulent kinetic
energy was 1351x10°m?/s* and kinetic energy dissipation was

9.176x10°m?/s®. These two parameters were used with a two equsatbk — &
model. From numerical results, it was found tha tomputational investigation
agrees with the results from the experiment. Tkalte such as velocity vector profile
shown in Fig 2.10 pointed out that the flow fielatdugh the butterfly valve was very
complex and depended upon the valve disk angle.

10



h ¢ Valve Disk

\ Disk Control Axis
e

Figure 2.9 : The simplified model and coordinatstegn

T 8 e g W 0 T B S e . e B R, b e S, %

Figure 2.10 : The velocity vector on a Y-Z plané&hwhe valve disk angle ( a20°, (
b)30°,(c)60° and (d)70°

In 1999, Solliec C. and Danbon F. have carried mgearch named “

Aerodynamic Torque Acting on a butterfly valve. Gmarison and choice of a Torque
Coefficient “. In reality, when the valve is closddwnstream of an elbow, the valve

11



pressure drop is not well defined. So this studyuéed on the investigation of the
characteristics of torque coefficier@, instead of the pressure drop. These tests were
conducted in an opened air circuit as shown inZFld.. The valve disk angle was

set from the fully opened positiomy =0° to the closurea =90°. The inlet duct
Reynolds number was set from the rarfiel0* < Re<10° through two different
types of elbows as illustrated in Fig 2.12. Frora thRsults as shown in Fig 2.13, it
was found that the results were very sensitivéaéomethod of torque coefficient. The
classical approach, which consists on the methquexdsure drop, is only suitable in

a straight pipe. When a hydraulic singularity isled closed to the valve, the use of
torque coefficient is preferable.

Pipe with elbow  AIR

on Cross

|
I 4 stetic prossure (aps
=

w4 wactnic molor and
2D 10D fraquancy vanator

Figure 2.11 : The schematic view of the test bearahnomenclature

Figure 2.12 : The cross section of the 9@ elbows

12



CT1and KT

04 T

0,35 ’ ——
o . —a—CT
ﬂla —.‘-::::1—;':—-—.: | vl
0,25 = :
0,2 1 - I
0,15 T— | .
0.1 7 . *—ea—o o
o ) e [ [ ) ST

0 | '
1.0E+05 2,0E+05 3,0E+05 4,0E+05 50E+05 6,0E+05 7.0E+05

Reynolds number

Figure 2.13 : The relation between the mean toopaéficient and The loss
coefficient

The study of the flow through the butterfly valveear the elbow was
furthered in 2000. Solliec C. and Danbon F. havenedagesearch named
Aerodynamic Torque of a butterfly Valve- Influenckan Elbow on the Time-Mean
and Instantaneous Aerodynamic Torque “. The olgéthis research was to analyze
the fluctuations of the instantaneous torque agéogrtb the valve/elbow spacing, of
the aperture of the valve and to make recommentafar the installation of this kind
of flow control unit. A method of direct measurerhbg torque-meter and an indirect
method by integration of the pressure force onféites of the valve gave access to
the time-mean and instantaneous torque on the shiai. The experiment as shown
in Fig 2.14 was carried out with valve disk angieni 0°-90° . With air as working
fluid, the test was conducted by the inlet duct iégs number5x10" < Re<10°.
The pressure distribution on surface of disk wassueed by 27 pressure taps as
shown in Fig 2.15. From the experimental resuttgyas found that the mean torque
coefficient C,,, calculated by pressure integration and measuyetbtogue-meter
showed a good agreement as shown in Fig 2.16. Wpleiely opened position, the
elbow induces harmful fluctuations. However thefects would disappear beyond a
distance from 8 to 10 times of the diameter ofgipe.

13



Elementary surface
- for integration

- Static pressure tap
(¢=0.8 mm)

cross-section
Ly

Figure 2.15 : The pressure taps location and @estson of the valve
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0,40

—

50 60 70 80 o

Figure 2.16 : The comparison between time-mearutoogefficientsC,, andC,,
for different opening angles in the straight pipaftguration
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Due to the advance of the numerical method, mariyutent models were
created to reach a specific problem. The comparisetmveen different turbulent
models was made by Leutwyler Z. and Dalton C. i@&0rhey carried out research
named “ A compressible Flow on a Butterfly Valvesbin Mid-stoke Position “. The
research focused on the prediction of the aerodimtormue and lift and drag forces
on a 2-dimensional model of butterfly valve usingmputational fluid dynamics
package, FLUENT. The investigation was conducteat tive disk position 30, 45 and
60 degrees( where 0 degree is the fully closedtipas) as shown in Fig 2.17. The
comparison of disk pressure profile and disk positvas made by several turbulent
model consisting ok — ¢, Spalart-Allmaras, and — « model as shown in Fig 2.18.
From the computational results as shown in Fig,dtd®as found that the flowfield is
highly dependent on the different pressure betwgzstream and downstream of the
valve. The vortex characteristic behaves diffesemtlterms of the expansion of the
fluid and the angle of the disk. The pressure fefon the disk were compared to test
data in parameters of the lift, drag forces anddgaramic torque. They compared all
reasonably.

t Disc Throat

Downsiream
Disc Face
Flow
Upstream
Disc Face

Disc Throat 3

Figure 2.17 : The setup model of numerical simatati

15
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Figure 2.19 : The numerical results of the flowtf@dd as ( a ) the mach number vector
plot shows the vortex formations caused by the edipg supersonic flow ( b ) the
pressure distribution around the butterfly valve.
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Chapter 3 Research procedure and methods

3.1 CFD model setup

Nowadays, numerical method becomes powerful teciengaand commonly
utilized to solve a wide variety of flow problenie differential equations that
govern a flow of Newtonian fluids based on the aBtokes equation. It can be
compactly expressed in vector notation as

p(%—\t/ +V DDVJ:—Dp+pg+,uD2V (3.2)

Along with the continuity equation
Onv=0 (3.2)

In turbulent flow condition, the fluctuations ofetiflow particles arise at a
small scale and a high frequency. They are too coatipnally expensive to be
modeled directly in practical engineering calcdai. The instantaneous governing
equations can be time-averaged, ensemble-averagedtherwise manipulated to
remove the small scales, resulting in a modified e& equations that are
computationally less expensive to solve. t8e@ commercial fluid dynamics software
FLUENT provides several turbulent model to solve spedliffcpractical problems,
shown below

The k — ¢ turbulence model has become useful in many pdaticgineering
flow calculations. Economy, robust and reasonabtii@cy of this turbulence model
explain its popularity in industrial flow and he@ansfer simulations. It is a semi-
empirical model and the derivation of the model amns relies on
phenomenological considerations and empiricism.

The standark —& Model is a semi-empirical model based on modeisjpart
equations for the turbulence kinetic enerdy() and its dissipation rate£ ). The
model transport equation fde is derived from the exact equation, while the niode
transport equation fore was obtained using physical reasoning and beéts i
resemblance to its mathematically exact counterparthe derivation of thek — ¢
Model, it was assumed that the flow is fully tudmit, and the effects of molecular
viscosity are negligible. The standakd-& Model is therefore valid only for fully
turbulent flows.

Transport Equationsfor the Standard k —& Model

The turbulence kinetic energ¥ and its rate of dissipatiorg are obtained
from the following transport equations:

%(pk)+ai(pkui> :i{(wi)ﬁ}c;k +G, - pE-Y, +S, (3.3)
Xi ox; o, 0X

J J
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and

9
0X;

0 U . 0 £ £?
(poeu;) = _{(,U +-) } +C, —(G, +C,,G,)-C,.0—+S5,(3.4)
0X; g, 0, k k

0
E(pf)"‘
In these equations, represents the generation of turbulence kinetergn

due to the mean velocity gradien, is the generation of turbulence kinetic energy
due to buoyancy. The quantity,, represents the contribution of the fluctuating
dilatation incompressible turbulence to the ovedilisipation rate.C,.,C,, and
C,.are constantsg, and o, are the turbulent Prandtl number fér and &,
respectively.S, and S, are user-defined source terms.

Modeling the Turbulent Viscosity

The turbulent viscosityy, is computed by combining and ¢ as follows :

M = [K:,uk? (3.5)

where C, is a constant.

Model Constants

The model constant€,,,C,,,C,,0, and o, have the following default
values

C, = 144,C,, =192,C, = 0090, =10,0, =13

These default values have been determined fromriexgets with air and
water for fundamental turbulent shear flows inchgdhomogeneous shear flows and
decaying isotropic grid turbulence. They have bemmd to work fairly well for a
wide range of wall-bounded and free shear flowsweieer, the numerical method
was used follow the procedure below.

3.1.1 Physical model

A commercial CFD software package, Fluent, wagl usesimulate the flow
passing butterfly valves. These valve, have siZ#s dnd 300 mm in diameter that
shown in Fig. 3.1 have normally used in any pipgygtem. Not only the model of
butterfly valve as shown in Fig 3.2 but also thedelof water in the pipe through the
valve which is shown in Fig. 3.3 were created ustApD package, Solidworks. In
order to get enough entry length and to avoid afnby developed flow, an upstream
and a downstream length were set to be severas tohthe pipe diameter. In reality,
the economic reason becomes an important factoesafarch and development. The
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symmetric model as shown in Fig. 3.4 was creatéobander this fact. The size of
domain is therefore decreased thus increasingatbedsof the numerical simulation.

Figure 3.1 : The valves size 150 and 300 mm

Figure 3.2 : The model of butterfly valve creatimgSolidworks
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Figure 3.3 : The model of water in the pipe throtighvalve

Figure 3.4 : The symmetric model of water in theepihrough the valve

In order to simulate the flow of water over a &t butterfly valve, an
unstructured tetrahedral mesh was created usingneoomrl package, GAMBIT. It
consists of the number of the element around 11@800400000 cells in each case of
study. And also the skewness factor of element seago be not more than 0.97 as
shown in Fig. 3.5.
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Figure 3.5 : an unstructured tetrahedral mesh emtbdel of water in the pipe
through the valve

The three dimensional analysis would yield a reabte qualitative result if
the effective model were set. The flow was takebhd@D-symmetry incompressible
and turbulent. It was solved by standard kiodel. The fluid, passing through the
valve was water, with density = 999 kg/mi. The dynamic viscosity was 0.001
kg/ms.

3.1.2 Static Analysis

This study was carried on for 5 positions of valNgk as shown in Fig. 3.6 to
investigate the flow-field, loss coefficient anddoe characteristic in static condition.
The simulation was done under 3 conditions of jridensisting of velocity of 1, 2 and
3 m/s in each position. Finally the boundary candg, using in this study was set to
be as in table 3.1 and Fig. 3.7
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(b)

(d)

(e)

Figure 3.6 : The model of water at @), (b) 30°, (c) 45°, (d) 60° and (e)75° disk

Table 3.1:

position

Surface Domains

Boundary Conditions

Inlet Velocity Inlet
Outlet Pressure Outlet
Symmetry Symmetry
Valve Disk Wall
Pipe Surface Wall

The boundary condition of each doméaistatic analysis
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Pipe Swiface

Sviumetry

Figure 3.7 : The boundary condition of each donmdistatic analysis
3.1.3 Dynamic Analysis

A dynamic analysis was done to investigate the fli@ld, loss coefficient and
torque characteristic in every position of buttedhlve from 0° to 180° . The study
conducted under 2 conditions of butterfly valveiead, consisting of 0.038d/s (

The butterfly valve would completely close in 4Ckeeds ) and 1.5%&d/s ( The

butterfly valve would suddenly close in 1 secondslQwever, the inlet domain was
set under 1 condition, 1 m/s. The boundary conaitiaising in this study were set to
be as in table 3.2 and Fig. 3.8

Surface Domains | Boundary Conditions
Inlet Velocity Inlet
Outlet Pressure Outlet
Symmetry Symmetry
Valve Disk Wall
Interior Interface
Other Surfaces Wall

Table 3.2 : The boundary condition of each doméidiynamic analysis
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Figure 3.8 : The boundary condition of each donwdidynamic analysis
3.2 The test configuration and experimental method.

The investigation focuses on the operation of tip@stions of butterfly valve
consisting of 45, 60 and 75 degrees. The circdstr $ection is 0.15 m in diameter.
The tests were carried out in an open water cirdunten by a 14.7 KW centrifugal
water pump. The water pump, showing in Fig. 3.9 &asoperating performance
curve as shown in Fig. 3.10. A schematic view ef élperimental facility is depicted
in Fig. 3.11

Figure 3.9 : The 14.7 KW centrifugal water pump
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Figure 3.10 : The performance chart of centrifugater pump
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Figure 3.11 : A schematic view of the experimefdallity

The volume flow-meter as shown in Fig. 3.12 ana dlee pressure tap as
illustrated in Fig. 3.13 were placed at 14 D dowemtn and 1 D upstream from
butterfly valve. However, the flow rate must be @ted in suitable level due to the
technical safety in piping system. Three statefoof rate in each position of the disk
were illustrated in table 3.3; they were used tcasnee pressure at inlet and the
required torque for changing the disk position.. Adl4 shows torque-meter which
has a range from 0-2000 Nm, is located over theeklyt valve.
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Figure 3.12 : The flow rate meter at 14 D upstréamm butterfly valve

Figure 3.13 : The pressure tab at 1 D upstream botterfly valve

Position Volume Flow Rate( L/s)

(Degree) | Statel State 2 State 3

45 13.289 19.657 25.753
60 13.418 19.796 25.51
75 10.147 13.504 16.675

Table 3.3 : The values of volume flow rate in eatdte
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Figure 3.14 : The torque-meter above the butteswdlye
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Chapter 4 Results

After the experiments and the simulations wer@@arout in many conditions
of the flow through a butterfly valve, the charaistics of the flow-fields, the
characteristics of head loss coefficient and torguee analyzed. The topics in this
chapter consist of pressure distributions, velodistributions, characteristic of head
loss coefficient, torque characteristics and theeeixnental results as shown below.

4.1. The Pressure Distributions

For the butterfly valve of 150 mm in diameter, thienulation for static
analysis was done at 5 positions, consisting°af30° , 45°, 60° and75°, and for 3
different values of flow-rate: 1, 2 and 3 m/s irckegosition. From investigation of
the flow over this valve, it was found that the gmeare is the function of both the
value of flow-rate and the position of the butterffalve. Because the flow is
incompressible, the pressure flow-field, shownim41-4.5 will be changed in order
the value of velocity at the inlet. In each floweraondition, the0° position of the
butterfly valve causes the lowest stagnation valuoeits surface therefore it can
provide the largest flow rate in this position tktvalve. Conversely, the almost
closed position(75° ) causes the highest value of stagnation panthe valve
surface.

fa) (b

I D Mgy

Figure 4.1 : The pressure distribution of the flawd° position of the 150 mm valve
at velocity inlet of (a Lm/s, (b)) 2nys, (c¢)3m/s and (d )3m/s( large view )

(c) (d3
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Figure 4.2 : The pressure distribution of the flaB0° position of the 150 mm valve
at velocity inlet of (a Lmy/s, (b)2nys, (c¢)3nys and (d )3nyYs( large view )
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Figure 4.3 : The pressure distribution of the flawl5° position of the 150 mm valve
at velocity inlet of (a Lm/s, (b ) 2nys, (c¢)3m/s and (d )3nys( large view )
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Figure 4.4 : The pressure distribution of the flaw60° position of the 150 mm valve
at velocity inlet of (a Lm/s, (b ) 2nys, (c¢)3m/s and (d )3nys( large view )
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Figure 4.5 : The pressure distribution of the flawr5° position of the 150 mm valve
at velocity inlet of (a Lm/s, (b ) 2nys, (c¢)3nmy/s and (d )3nys( large view )
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Fig 4.6-4.10 show the pressure distribution of fleev past the 300 mm
butterfly valve. Similar to the butterfly valve d50 mm, the valve of 300 mm in
diameter was simulated under 5 positions and 3sladdlow rate. It was found that
the pressure profile of this geometry is very samtb the one obtained for the valve
of 150 mm in diameter. However, pressure valuegegater in the case 300 mm due
to the bigger size of the valve. The minimum vadfistagnation point also appears at
0° position, causing the lowest pressure loss Héosvever, the exact value of the
pressure can be read from color chart on the faftepicture..

(a) (b

(c) (d)

Figure 4.6 : The pressure distribution of the flawd° position of the 300 mm valve
at velocity inlet of (a Lnys, (b)2my/s, (¢)3m/s and ( d )3m/s( large view )
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Figure 4.7 : The pressure distribution of the flawB80° position of the 300 mm valve
at velocity inlet of (a Lmy/s, (b)2nys, (c¢)3m/s and (d )3nys( large view )
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Figure 4.8 : The pressure distribution of the fla5° position of the 300 mm valve
at velocity inlet of (a Lmys, (b) 2nys, (c¢)3nys and (d )3nyYs( large view )
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Figure 4.9 : The pressure distribution of the flawb0° position of the 300 mm valve
at velocity inlet of (a Lm/s, (b ) 2nys, (c¢)3m/s and (d )3nys( large view )
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Figure 4.10 : The pressure distribution of the flaw5° position of the 300 mm
valve at velocity inlet of (a}m/s, (b)2nys, (¢)3nys and (d )3m/s( large

view )
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4.2. The Velocity Distribution

The velocity distributions, in this part will bepresented by velocity vectors.
This help to display the velocity value and direntbf the fluid around the valve. Fig
4.11-4.15 show the velocity distribution of fluidoand the butterfly valve for
diameter of 150 mm. They were found that the v&yoealues are proportional to the
mass flow rate. The high gradient of fluid velocdappears around the tip of the
butterfly valve due to the change of valve curvésoAin almost closed position, the
velocity value becomes high between the pipe sertawd the butterfly valve. The
velocity will be increased if the flow area is steals shown below.

(a) (b)

(e} (d)

Figure 4.11 : The velocity distribution of the fla 0° position of the 150 mm valve
at velocity inlet of (a Lnys, (b)2m/s, (¢)3m/s and ( d )3m/s( large view )
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Figure 4.12 : The velocity distribution of the flaw30° position of the 150 mm valve
at velocity inlet of (a Lm/s, (b ) 2nys, (c¢)3m/s and (d )3nys( large view )
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Figure 4.13 : The velocity distribution of the flat 45°
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Figure 4.14 : The velocity distribution of the flaw60° position of the 150 mm valve
at velocity inlet of (a Lmy/s, (b)2nys, (c¢)3nys and (d )3nyYs( large view )
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Figure 4.15 : The velocity distribution of the flaw 75° position of the 150 mm valve
at velocity inlet of (a Lmys, (b) 2nys, (c¢)3ny/s and (d )3nyYs( large view )
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For butterfly valve of 300 mm in diameter, the fldids are slightly
different than for the valve of 150 mm in diameteig 4.16-4.20 show the value and
direction of velocity vector of the flow at 5 pasits of the valve under 3 flow-rates.
It was found that the flow did not follow and stuttie valve’s surface at position
of45° . It caused a small bubble behind the valve’k disl became bigger in position
of60° . It's also found that the flow around the valweposition of75°, showed high
turbulent condition behind the butterfly valve diwethe smaller section area of the
flow.

(a} (b)

(c) (d)

Figure 4.16 : The velocity distribution of the flat 0° position of the 300 mm valve
at velocity inlet of (a Lnys, (b)) 2m/s, (¢ )3m/s and ( d )3m/s( large view )
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Figure 4.17 : The velocity distribution of the flaw30° position of the 300 mm valve
at velocity inlet of (a Lmy/s, (b)2nys, (c¢)3nmy/s and (d )3nyYs( large view )
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Figure 4.18 : The velocity distribution of the flaw 45° position of the 300 mm valve
at velocity inlet of (a Lm/s, (b ) 2nys, (c¢)3m/s and (d )3nys( large view )
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Figure 4.19 : The velocity distribution of the flaw60° position of the 300 mm valve
at velocity inlet of (a Lm/s, (b ) 2nys, (c¢)3m/s and (d )3nys( large view )
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Figure 4.20 : The velocity distribution of the flaw 75° position of the 300 mm valve
at velocity inlet of (a Lm/s, (b ) 2nys, (¢ ) 3nmy/s and (d )3nys( large view )
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The top views of the water flow in horizontal plaaee shown in Fig 4.21.
They show that when the water flows past the vatvdifferent positions, the flow
characteristics change. The vortex was found rteaddft-right tips of the butterfly
valve which was caused by the holes of the motaftsBy increasing the angle of the
valve, the vortex became bigger in every degreeénofeasing. For the position
of 75°, it was found that the vortex was the biggest thie velocity value was low in
the horizontal plane.
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4.3. Characteristic of Loss Coefficient
4.3.1 Loss Coefficient of Static Analysis

The values of pressure drop across the buttedlyevwere investigated using
commercial fluid dynamics software FLUENT. They weralculated in order to
compute the dimensionless value of loss coeffici&nt The table 4.1 and 4.2 show
the value of loss coefficient of the 150 and 300 butterfly valve, respectively. They
were found that th&k values are independent of flow rate but that theyaffected
by changing position of the valve’s disk. By insem valve disk’s angle, the value
of loss coefficient becomes greater.

Position | Velocity(my/s) | P,(Pa) | P, (Pa) | AP(Pa) K
1 291.125 163.443 127.682 0.255364
0° 2 1046.423 565.492 480.931 0.2404655
3 2223.419 1173.931 1049.488 0.233219556
1 1155.322 199.092 956.23 1.91246
30° 2 4470.506 709.659 3760.847 1.8804235
3 9903.753 1485.919 8417.834 1.870629778
1 4168.2026 201.481 3966.7216 7.9334432
45° 2 16462.705 702.004 15760.701 7.8803505
3 36753.918 | 1463.191 35290.727 7.842383778
1 19038.566 186.983 18851.583 37.703166
60° 2 75754.367 644.659 75109.708 37.554854
3 169902.03 | 1335.313 168566.717 37.45927044
342717.81 | 192.15337 | 342909.9634 | 685.8199267
75° 2 1365400 -939.139 | 1366339.139 | 683.1695695
3 3064062.8 | -2195.345 | 3066258.145 | 681.3906989

Table 4.1 : The values of pressure drop and thedosfficient of the flow past the
150 mm butterfly valve in 5 positions under/s, 2m/s and3m/s inlet conditions

41



Position | Velocity(mys) | P, (Pa) | P, (Pa) | AP(Pa) K
1 252.52713 | 109.20542 143.32171 0.28664342
0° 2 913.25879 | 381.87393 531.38486 0.26569243
3 1940.7196 | 797.73444 1142.98516 0.253996702
1 1068.0927 | 135.1205 932.9722 1.8659444
30° 2 4142.7285 | 471.34937 | 3671.37913 1.835689565
3 9053.3037 | 996.25732 | 8057.04638 1.790454751
1 4266.8779 | 133.56094 | 4133.31696 8.26663392
45° 2 16912.287 | 472.07385 | 16440.21315 | 8.220106575
3 37889.979 | 987.18365 | 36902.79535 | 8.200621189
1 19021.906 | 128.36682 | 18893.53918 | 37.78707836
60° 2 75804.75 | 449.65567 | 75355.09433 | 37.67754717
3 170266.64 | 939.26953 | 169327.3705 | 37.62830455
1 337277.53 | 45.769901 | 337231.7601 | 674.4635202
75° 2 1346350.9 | 98.651268 | 1346252.249 | 673.1261244
3 3023281.8 | 119.77937 | 3023162.021 | 671.8137824

Table 4.2 : The values of pressure drop and thedosfficient of the flow past the
300 mm butterfly valve in 5 positions undery's, 2my/s and 3my/s inlet conditions

The values in Table 4.1 and 4.2 can obviously shovinear graph pattern.

Fig 4.22 and Fig 4.23 show tKe values of the valve of 150 and 300 mm,
respectively which vary fro®® to75°. It was also found that the loss coefficient is
independent on the condition at the inlet but ddpeh on the geometry of the

butterfly valve.
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Figure 4.22 : The characteristic of the loss caeddfit in 5 positions of the 150 mm
butterfly valve undeflinys, 2nmy/s and3nv/s inlet conditions
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Figure 4.23 : The characteristic of the loss caedfit in 5 positions of the 300 mm
butterfly valve undeflm/s, 2m/s and 3my/s inlet conditions
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4.3.2 Loss Coefficient of Dynamic Analysis

Fig 4.24 shows the value of loss coefficient fr@h to 90° position of 150
mm valve disk in dynamic analysis. When the veloaitthe inlet of the flow is equal
to 1 m/s, it was found that thK value is proportional to the disk’s position. By
increasing the angle of the disk, tKe value becomes greater until it reaches 262.8 at
825° . Due to “no-flow” condition, the value of lossetficient is infinity at 90°
position( completely closed )
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Figure 4.24 : The characteristic of loss coeffitigom 0° to 90° position of the 150
mm butterfly valve undetny's inlet condition.

The values of loss coefficient fror80° to 180° position of 150 mm valve
disk in dynamic analysis are shown in Fig 4.25wdis found that when the valve is
opened, theK value remains constant around 26210% ( from completely closed
position ). Also, it was found that & or 180° the lost coefficient is minimum so that
the flow rate is maximum.
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Figure 4.25 : The characteristic of loss coeffitieom 90° t0180° position of the
150 mm butterfly valve undeémy's inlet condition.

For 300 mm valve disk, the comparison was made dmtwiormally closed(
40 seconds for closing ) and rapidly closed( 1 sdsdor closing ) conditions. Fig
4.26 shows that values of K present slightly défértrend for the 2 conditions. The
K value becomes bigger when the degree of valve idislkeases. The maximum
value of loss coefficient is 265.77 @7 position for rapidly closed condition. It is
not different with normally closed condition, whittas the maximum value of loss
coefficient of 261.3 at87.13° position. Similar to 150 mm valve, thé values
remain constant when the valve is almost closedl Ameaches infinity when the
valve is completely closed. Same as the closing tine normally and rapidly opened
conditions are slightly different as shown in Fi@ZZ The maximum value oK
occurs at the same point, tB&.72° valve position. The values are 262.25 and 278.12
for normally and rapidly opened conditions, respety.
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Figure 4.26 : The comparison between the charatitedf loss coefficient of
normally and rapidly closed condition fro@3 to 90° position of the 300 mm
butterfly valve undefnys inlet condition.
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Figure 4.27 : The comparison of the charactertdtioss coefficient between
normally and rapidly opened condition frd®@° to180C° position of the 300 mm
butterfly valve undefnys inlet condition.
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4.4. The Characteristic of Torque
4.4.1 Torque Characteristic of Static Analysis

The characteristic of torque, used to rotate theevdisk was investigated in 5
positions of the valve, consisting@f, 30° , 45°, 60° and75° . The velocity inlet was
set to value equal to 1, 2 andi3. We compare the torque characteristic between the
valve of 150 and 300 mm; results are shown in E&B4It was found that torque
value of 300 mm valve is greater than 150 mm bex#uws fluid force distributes on
the bigger integral area of the butterfly valve. iBgreasing the velocity at the inlet,
torque value, used to move the disk position besohigger. And it's also bigger
when the area of the flow is decreased. The valubeotorque can be read directly
below.
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Figure 4.28 : The comparison of torque charactersttween the 150 and 300 mm
butterfly valve of (a 0°, (b)30°, (c)45°,(d)60° and ( e J5° position
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4.4.2 Torque Characteristic of Dynamic Analysis

The torque behavior was measured fr6fnto 180° of 150 mm valve disk at
velocity of 1nys. It was found that the maximum torque in the cigsiurn is 2.5
Nm, which occurs at3.4° . For the opening turn the maximum torque iS82\&n,
which is slightly greater than the closed turn Beven in Fig 4.29; this maximum
value is reached 3a0° However, the value of torque arou8® of valve position is
not valid due to the limit of the commercial progra

Torque(Nm)

The position of the valve( Degree )

Figure 4.29 : The torque characteristic fr@hto 180° position of the 150 mm
butterfly valve undef.m/s inlet condition.

When the comparison between normally rotated (etrsds for90° ) and
rapidly rotated( 1 seconds f&0° ) was made, it is found that the torque valwes f
the two cases are no much different as illustratdelg 4.30. The maximum values of
torque in the closing turn are 19.3 and 21.2 Nmiclwloccurs at69° andr3°, for
normally and rapidly closed conditions, respectiveéfor opening condition, the
maximum torque values are 22.5 and 23.3 Nn1,0& and106’ , for normally and
rapidly closed conditions, respectively. The vabigorque aroundd0° is also not
valid in this case. The exact value can be reaovbel
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Figure 4.30 : The comparison of the characteradtioss coefficient between
normally and rapidly rotated condition fro@3 to 18C° position of the 300 mm
butterfly valve undef.m/s inlet condition.

4.5. The Experimental Results

From the experiment of the 150 mm butterfly vaiveyas found that the loss
coefficient is around 6.1 in average 4&° , 33.97 for60° and 1225.6 forf75° as
shown in Table 4.3. And the torque values alsohrélhe maximum at5° . The errors
occur in the experimental results K1 and torque values. For the loss coefficient, it
was found thatk is not constant in each position of the butteviyve. The cause of
these errors may be due to the flow in the pipéithhighly turbulent, thus inducing
strong pressure fluctuations. Also, measuremerds ghat the torque o60° valve
position is smaller than the torque 4%° valve position while it should be greater.
The cause of this problem was clearly known by dbeice. The range of torque-
meter is 0-2000 Nm, which is huge for the rangeooflue values measured in this
experiment so that errors can be large.
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Sate VL/s)

Position K Torque(N [m)
1 13.2888 3.996953394 0.412
45° 2 19.656 6.60786 0.698
3 25.753 7.697278107 1.148
1 13.418 34.38040657 0.0512
60° 2 19.796 37.1388 0.3892
3 25.51 30.37814911 0.91
1 10.147 1245.764168 2.3241
75° 2 13.5 1232.120502 2.532
3 16.675 1198.889024 3.0777

Table 4.3 : The experimental results of the flowtghe butter valve a45° ,
60° and75° under 3 inlet conditions

The K results between experimental and numerical stules compared at
45°,60° and75° under 3 load states as shown in Fig 4.31. Inydead conditions,
the loss coefficient values computed by numericathod are constant at the same
valve position. The most differences between expenial and numerical results are
estimated t®60 %and20 % for 45° and0° , respectively. Conversely, the minimum
differences show only85 %andl1.7 % for 45° and0°, respectively. However, there
is a big error in the comparison of tii& valve position. It may be caused by both
experimental and numerical part. Because the floside the pipe a¥5° is really

complex, the calculation by numerical method magtveneous.

10000 -

1000

X 100

10

2
State

—a— 45 degrees-Exp
—-#-- 45 degrees-Num
60 degrees-Exp
60 degrees-Num
—4— 75 degrees-Exp
—-a-- 75 degrees-Num

Figure 4.31 : The comparison of the loss coeffickmtiween the experimental and

numerical method a45° , 60° and75° position under 3 inlet conditions
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The torque value was also measured by the expetainand the numerical
methods. Fig 4.32 shows the differences betweenexperimental and numerical
results. It was found that results are the clo&esthe 45° position and they become
significantly different if the valve angle increas&he closest results are found&t
and 1m/s. It is 14%. However, there are errors in this cangon because the large

scale of torque-meter in the experiment.
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g i 60 degree-Num
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2 .=

1 -w T

0 :

1 2 3
State

Figure 4.32 : The comparison of the torque charestie between the experimental
and numerical method 4&t5° , 60° and75° positions under 3 inlet conditions
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Chapter 5 Conclusion and Discussion

The investigation of the flow through a butterflalve was done in both
numerical and experimental method to reach theachernistic of loss coefficient and
torque behavior. The numerical simulation was dargatic and dynamic analysis in
2 different valve sizes, 150 and 300 mm in diameséng commercial fluid dynamics
software FLUENT. In static analysis, the numericethod was solved at, 30°,
45°, 60° and 75° position of the disk under 3 inlet conditions responding to
1mys, 2m/s and 3m/s. It was found that a bubble occurred behind tHeevdisk at

45° and became bigger when the degree of valveipositas increased. On the top
view of the flow, wakes, caused by the holes ofrtiwor shaft, can be seen; it was
observed that there were bigger if the angle waased. The loss coefficient can be
reduced by decreasing a size of these 2 holes. |d$se coefficient is directly
dependent on the position of the valve. By incregshe angle of the valve disk, the
value of loss coefficient increases. When the ildatl was changed, the value of loss
coefficient remains constant. So the loss coefiicie a function of the valve shape.
When the investigation of torque characteristic $tatic analysis was done, it was
found that torque value of 300 mm valve is gre#it@an 150 mm because the fluid
force distributes on the bigger integral area ef lbtterfly valve. The torque value is
bigger if the angle of the valve disk and the valtigelocity inlet increase.

In dynamic analysis, the simulation was carried ou2 different angular
velocities of the valve disk, which are 0.038/s( normally rotated condition ) and
1.57rad/s( rapidly rotated condition ). The velocity inleaw/set to a value dfiy's.
From this investigation, it was found that the nmaxm value of the torque appears
around70°-80° position of the butterfly valve. The torque \aalig decreased in the
range of 80°-100° position because the force distribution on thé/er surface is
balanced itself. After that, by unbalancing forcetbe valve surface, the torque value
increases until it reaches a maximum aroundl@Ge-11C position. It was also
found that torque characteristic and value of tleemally rotated condition are
slightly different with the rapidly rotated conditi.

The experiment was carried out under 3 load camtiand 3 different
positions of the valve disk, consistingd&’ , 60° and75° position in static analysis.
It was found that, when the value of velocity inlstchanged, the value of loss
coefficient is not constant at the same positiothefdisk. These may be due to highly
turbulent condition of the water flow in the pig@ome errors occur &0° position.
The torque values, measured at this position averithan the value at5° position.
The cause of this error certainly comes from thegeaof the torque-meter, too huge
for this study. When the comparison between theeexyental and numerical results
was made, it was found that the loss coefficierd trque values a#i5° and 60°
position are acceptable. The mass flow-rate obdaifrem experimental and
numerical method is exactly the same. The numenesllts show that they are
acceptable and realistic. The trend of characteridtthe loss coefficient and torque
values can be seen.

Finally, both experimental and numerical results ds@ improved in the
future. By changing the turbulent model, the nuo@riesults will be more accurate.
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To have a better description of the physics offtbe past the butterfly valve, the
RNG k- model can be used. The Reynolds stress model( R3Mich can give the
most accuracy results is another interested modei & it will take a long time for
calculation. For the experimental part, the torqueter has to be changed for a
smaller range of measurements. The appropriateerahmeasurements of the device
is necessary for any experiments. All of these gkanwill lead to the more
reasonable results.
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