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Abstract—In this paper, the shape design process is briefly The flow characteristic of valve can be predicted by

discussed emphasizing the use of topology optimization in ti@omputational Fluid Dynamics (CFD) analysis, the advantage
conceptual design stage. The basic idea is to view feasible domainscfpgaving the money and time.

sensitivity region concepts. In this method, the main process consistﬁ_IenCe obtimization for the performance and structural
of two steps: as the design moves further inside the feasible domain il ! f P f | . P hi
using Taguchi method, and thus becoming more successful topolsiPility of butterfly valve is conducted. In this study, we

optimization, the sensitivity region becomes larger. In designing @nduct topology optimization to reduce weight, pressure drop
double-eccentric butterfly valve, related to hydrodynamic performaneand torque in the initial model.
and disc structure, are discussed where the use of topology

optimization has proven to dramatically improve an existing design || MATHEMATIC MODEL AND NUMERICAL ANALYSIS
and significantly decrease the development time of a shape design.

Computational Fluid Dynamics (CFD) analysis results demonstrate A. Explanation of Valve Disc Model
the validity of this approach. Fig. 1 shows the double-eccentric butterfly valve made by
H-company. It consists of valve body, shaft, disc and bush for
Keywords—Double-eccentric butterfly valve, CFD, Topology blocking leakage. Fig. 2 depicts the flow domain and the
optimization computational grid system for the CFD analysis. Inlet and outlet
diameters are expanded to 10D and 20D where to increase the
|. INTRODUCTION convergence accuracy of the CFD analysis and also for the fully
UTTERFLY valves are widely used as control valves fodeveloped flow of fluid. In this paper, we create hexahedron and
industrial plants such as gas plant, generating plant atefrahedron meshes using ANSYS CFX-MESH v12.1. The
LNG ships. Butterfly valves are generally favored because thaymber of elements is 2.3>81at valve region and 1.6xi@t
are lower in cost to other valve designs as well as being lightgpe region.
in weight, meaning less support is required. Butterfly valve is a

guarter-turn rotational motion valve that is used to stop, regulate TABLE |
X . MAIN SPECIFICATIONS OFTHE DOUBLE-ECCENTRICBUTTERFLY VALUE
and start flow. Butterfly valve is two types; concentric butterfly -
Ive i d for opening and closing with a simple valve sha Type Face to face 1190 5752
vaive Is used pening : gw P S Operation conditions
and light weight. High torque is experienced at open or close Valve size 100A
position. Eccentric butterfly valve is used for flow control and Design pressure (kgr/cm?) 10
has the advantages of low fluid pressure and torque with heavy Operating temperaturéQ) 20
disc weight and complicated shape. Commonly, the disc shape Operating fluid Water
i ot h Material properties
of butterfly valve is important for th_e flow characteristics such Body and disc CFaM sieel
as pressure drop and hydrodynamic torque. Pressure drop isan Shaft and bush SUS 3161

important factor in the flow coefficient which is widely used for
the determination of valve specifications.

Sy
G =Q AP (1)

whereQ is the flow rate (Gal/min)S, is the fluid specific

weight andAP is the pressure drop (psi). Eq. (1) means that
when the pressure drop between measuring intervals is 1 psi, the
flow rate through them is 1 gallon.

Fig. 1 Overall structure of a double-eccentric butterfly valve
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Pressure drop is calculated between 2D and 6D &way
the valve disc by Korean Industrial Standard ane th
hydrodynamic torque is calculated at disc face fthmvalve
axis. Even though, Frictional coefficient for tuhint flow
depends on Reynolds number and relative roughrnesssume
smooth pipe for the CFD analysis. Generally, presglrop
occurs because of fluid flow through narrow fluédjion created
by disc opening angle. Pressure variation is thghaic
Outlet pressure in valve inlet changes to static pressukalve disc
T%p region and then change again to dynamic pressteepssing
w disc.Fig. 3 shows CFD result of initial shape. Vortexas in
the wake of valve due to the disc shape Therefauicing
vortex, pressure drop and hydrodynamic are requirgd
changing the disc shape.

We suggested two methods; Taguchi experimentalgdesi
and Topology optimization. The Taguchi method ie oif the
most efficient DOE methods. The signal-to-noisé\|Satio, a
measure that simultaneously considers the averag® a
variations of responses, is based on the analysi@rance
(ANOVA) technique.

Taguchi’s approach is a method for improving thaligyof a
product through minimizing the effect of variatiavithout
eliminating the causes. Reducing the variation b&the same
as increasing the S/N ratio. The S/N ratio can é#ndd as
) ) nominal-the-best, smaller-the-better or larger-thetter
. ‘ = | according to the characteristics of the problemc&ipressure
Total Pressure fatm] drop, hydrodynamic torque and volume in this pdpad the
smaller-the-better characteristics, the S/N ratidafined as

Detail A
Fig. 2 Flow domain and the computational grid syste

_ 1.2
i | 'f ; g Tonon NN S/Nsmatier= _10|09[E; Yi ] (2

wheren is the number of repetition angis the value of théh
data point [13]. Fig. 4 shows that optimization gedure
suggested in this paper for disc of a butterflywealThe first
step is to define a design space for the initiapghand then to
get design variables and objective. We conductdd &talysis
using orthogonal array.
208 [8.05 -2‘“’7 Fig. 5 shows selected design variable in butterlive; x;
double-eccentricx, angle between disc and shaft housixg,
disc thicknessx, shaft diameterss between shaft housing gap.
(b) Shape of disc and mounting structure affect toqunesdrop and

Fig. 3 CFD results of valve disc at 20° openingp@ssure, (0)  hydrodynamic torque. In Tabli , the levels of each design

velocity magnitude . . -
ymag variable are assumed to be equally space. In #pem initial
B. Numerical method disc value is level 3¢ x3 X5 are +15% between maximum and

The governing equations for analyzing turbulentwflo Minimum andk,, X, arex10% , +13% for each.
occurring in valve consist of continuity and Navitokes Table 11l shows design matrix of,4 orthogonal arrays and
equations. We use Shear Stress Transportation (@8ilent CFD result. Sensitivity analysis of design variaisleonducted
model [10,12] in ANSYS CFX. It usésw model near wall and using this result. Fig. 6 shows the main effed¢hefS/N ratio on
k-¢ model at free shear flow. We assume that the wgrikiid  the five design variables. Main effect of SN ratielps to get

for the analysis is water at ZDand the boundary conditions areimportant information about design direction ofidesvariable.

flow rate at inlet, atmospheric pressure at outled no-slip ::nxsr:veecdon?fiz Le;r?il fcl),rcf:lﬁfn Cif;arglfstgrtlsitéina;d ;gliur;nuigfe
conditions at wall. We conduct CFD analysis abdift &here P : ging by P

we expect that pressure drop and hydrodynamic ¢éohgue the ;/r?lvke perfo_rmanc_e fro dm th'ds resuljt. ;I'hedreIore,_ m¥mr (:iISC
most highest value. ickness is reviewed and need to determinate shape

improving degree of freedom in design.

Velocity [m s™1]
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Definition of a design space for the initial shape

<L

Selection of design variables and objective

<5

CFD analysis using orthogonal array

<L
Design sensitivity analysis using ANOVA (analysis of
variance) and SN (signal- to- noise) ratio

<5

Exploring the design domain for disc layout

<5

Topology optimization for sensitivity region of disc

<L
Determination of disc shape using pseudo density
distribution and element reactivate method

<5

Verification of the optimal shape using CFD analysis

Fig. 4 Flowchart of the valve disc optimization pedure

Section m-n
Fig. 5 Design variables of a double-eccentric bfijtealve

I1l.  TOPOLOGYOPTIMIZATION

The goal of topology optimization is to redistribuhaterials
to provide maximum stiffness for various mass crainat
conditions. The goal of topological optimizationtésfind the
best use of material for a body such that an obdriteria
takes out a maximum or minimum value subject toegiv
constraints [10]. In the case of maximum statiffretss design
subject to a volume constraint, which sometimesfixred to as
the standard formulation of layout problem, onekset®

2517-9950
No:6, 2012

TABLE Il
DESIGNVARIABLES AND THEIR LEVELS
De_s ‘9" Unit Levell Level2 Level3 Level4 Level5
variakle
X1 mm 0 1.25 25 3.75 5
Xo Deg. 80 76.5 73 69.5 66
X3 mm 5.5 7 8.5 10 11.5

Xq4 mm 14.5 155 16.5 175 18.5

Xs mm 51 42.5 34 25.5 17
TABLE Il
DOELAYOUT AND CFD RESULT FORL 25 ORTHOGONAL ARRAYS
S IEIEIUIN R - g =)
1 1 1 1 1 1 153 44.5 67702
2 2 2 2 2 2 158 45.8 81557
3 3 3 3 3 3 172 475 95679
4 4 4 4 4 4 213 54.0 110390
5 5 5 5 5 5 225 46.4 126640
6 1 2 3 4 5 190 51.1 100710
7 2 3 4 5 1 212 52.6 109410
8 3 4 5 1 2 240 50.7 114330
9 4 5 1 2 3 151 44.0 71998
10 5 1 2 3 4 153 44.8 86254
11 1 3 5 2 4 303 54.5 118020
12 2 4 1 3 5 142 39.7 76754
13 3 5 2 4 1 169 49.1 83506
14 4 1 3 5 2 183 51.2 96392
15 5 2 4 1 3 188 51.0 104780
6 1 4 2 5 3 174 46.9 89556
17 2 5 3 1 4 181 49.3 97552
18 3 1 4 2 5 189 51.0 109500
19 4 2 5 3 1 274 56.6 111720
20 5 3 1 4 2 147 42.9 75521
22 1 5 4 3 2 231 53.8 105710
22 2 1 5 4 3 298 56.4 116910
23 3 2 1 5 4 161 46.7 78530
24 4 3 2 1 5 162 47.1 87080
25 5 4 3 2 1 173 48.6 91113

minimize the energy of the structural static comptie for a
given load case subject to a given volume reduction
Minimizing the compliance is equivalent to maximigi the
global structural static stiffness. In this cases bptimization
problem is formulated as shown in Eq. (3).

L 1
Minimize v =EZ[’7i v }

subjectto 0O<s, <1 (i=12;--n)
Ul <ul<U! (j=1,2,m)
V<V, sV @)
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Fig. 7 (a) Design domain and boundary conditionsfor the disc, (b)-(e) density distributions for volume reduction (V,) at topology optimization
result. The material constants are E=196 GPa, v =0.29 and the pressure is p=1 MPa
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Fig. 8 Representative drawings for sketch tasks using topology optimization

where 7, is the pseudo density and v, the volume of element i.

The pseudo density for each element varies from 0 to 1;
where 7, =0 represents material to be removed; and 7, =1

represents material that should be kept. Total volumeV of the
structure is pseudo density in element of unit volume. Target

volume is initial volume ( V, ) minus reduced amount of

volume ( V"). Design variable is the pseudo density of the
element which variesform O (material isremoved) to 1 (material
is preserved). Determining the layout of the structureis applied
in concept design for disc of butterfly valve from Eq. (3). If the
present model isexcessively designed, it isused for reducing the
volume without making the performance worse.

We modify complicated section in the initial model and then
make the primitive model to determine disc layout.

Fig. 7(a) shows the design region and boundary condition in
topology optimization of disc using ANSYS APDL[16]. We
aim to reduce or preserve part of disc. Elastic modulus and
Poisson’ sratio isapplied in mechanical properties of CF8M and
the design pressure of disc is 1 MPa. Fig. 7(b)-(e) shows the
density distribution for volume decrement 10% to 50% in disc
design region. The region where the density distribution is zero
can be removed and the region where the density distribution is
one must be maintained.

Fig. 8 shows the process of disc sketch using density of
topology optimization. We draw profile to reduce low density
section and disc depth. Surface is added for decreasing stress
Concentration of edge of back of the disc.
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Fig. 9 Convergence history of the compliance objectivecfiom
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Fig. 10 Comparison of disc shape between (a) tialidesign and (b)
the modified design

Processing problem is expected we remove hollowrigbe
disc center. Fig. 9 shows convergence of topolqginzation
for the element deactivation process. Optimal Gatmethod is
used in optimization algorithm [16-17]. The compla
gradient is converged in a regular interval duritige
redistribution of a material in a design region.

In this paper, we use a convergence limit of 2.5%46d it is
converged after 25 times. The optimized disc slmpempared
with the initial shape in Fig. 10. Disc depth igntrer and the
curvature at front of disc is changed to simpleigtesin the
initial model of Fig. 11, the vortex flow occurgdlugh the disc.
This interrupts the fluid flow and increases thegsure drop.
Table IV shows the comparison of the fluid charasties for
the initial and optimized model based on CFD ariglyBy
suitably selecting design variables for the modifikesign and
performing an optimization will be our future work.

IV. CONCLUSION

This paper presents topology optimization of a deub
eccentric butterfly valve disc. We determine thapsh of the
disc using topology optimization. We compared théiall
design with the optimal design. It is found tha gressure drop
decreases by 8% and torque reduces by 5% in théfieabd

design compared to the initial design. Also, thecdiolume is
reduced by 10% by using a modified design.

Velocity

Fig. 11 CFD result of velocity magnitude for vallisc at 20 opening;
(a) initial design (b) optimal design

TABLE IV
INITIAL DESIGN VS OPTIMAL DESIGN
AP Torque Volume
Step [kPa] (N-m] [mm]
Initial design 172 47.5 95679
Optimal design 159 45.2 85507

The main result can be summarized as follows.

(1) Reducing pressure drop, hydrodynamic torque and
volume are affected by disc thickness more thaarotariables
for double-eccentric butterfly valve from ANOVA rds by
design of experiment and sensitivity analysis.

(2) Disc design needs fast and accurate shapendesigess
for efficient design satisfied in valve performance
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