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Nomenclature

cross section area [m?]

critical pressure ratio

flow coefficient

specific heat capacity at constant pressure [J/(kg - K)]
specific heat capacity at constant volume [J/(kg - K)]
valve capacity coefficient [gal/min]
specific heat capacity at constant pressure [J/(kg - K)]
sonic velocity [m/s]
SST k—w turbulence model constant

first SST blending function

second SST blending function

mass flow rate [kg/s]
gravitational acceleration [m/s?]
eddy kinetic energy [N - m]

mach number
pressure [Pal, [bar]
term of generating eddy Kkinetic energy [N - m]

coefficient of fitting curve equation

volumetric flow [m®/s], [m®/h]
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Qt h

out

thermal energy [N - m]

gas constant

effective cross—sectional area [m?]

specific gravity

temperature [T]
velocity [m/s]
velocity [m/s]
external work [N - m]
gradient

Z axis position

Greek symbols

SST k—w turbulence model constant

angle

specific heat ratio

dynamic viscosity [m?/s]
kinematic turbulence model constant

density [kg/m®]
SST k—w turbulence model constant

stress [N/m?]

turbulence frequency
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\V/ dell operator

Subscripts

1 upstream

2 downstream
i tensor 1

j tensor ]

k tensor k

l liquid

cr critical

max maximum

N notch-less cone
U U notch cone

1% V notch cone
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The development of optimum shape of cone for globe valve

used of compressible fluid

Woo-Young Chung

Department of Mechanical System Engineering,

The Graduate School Pukyong National University

Abstract

Fluid power is a technique that deals with the generation, control, and
transmission of compressed  fluid. In most industries, fluid power
technology is being used, for example cars, tractors and aircraft. Fluid
power technology has various advantages such as ease of control, high
accuracy, and simplicity. However, since there is also a drawback such
as a leakage problem corresponding to the leakage, the stability of the
system can be guaranteed by properly designing the fluid to prevent
leakage.

In order to overcome the shortcomings of the components of fluid
power technology, there are many fluild power parts like a fluid power
source, a control valve, an actuator, and other accessory devices but of
these parts, control valve is the most important device commonly used.
The control valve is a device for controlling the force and the control
valve 1s classified into pressure control valve, flow control valve,
direction control valve and proportional control valve according to the

usage purpose.
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Since various kinds of valves are required to be designed and
manufactured, there is a lot of time and effort required to create or
develop the valves desired by the user. There is a limitation in the work
of directly measuring the flow characteristics by experiment or by using
a large number of equations. It is inefficient to obtain all the data
experimentally, it is possible to obtain a lot of data which is difficult to
measure in the experiment by using Computational Fluid Dynamics (CFD)
analysis technique.

In this study, after designing the globe valve, the CFD analysis and the
verification of the experimental measurement are performed by
theoretically calculating the incompressible fluid characteristic of the
selected valve. In order to improve the flow characteristics of the valve
using the glove valve CFD model which has been verified, we propose a
theoretical calculation method of the compressible fluid characteristic. In
the process of compressible fluid design, function modules are designed
with three notches, notch-less cone, U notch-shaped cone, and V
notch—-shaped cone. The flow characteristics of each notch shape cone
are confirmed by the flow analysis. In addition, the development of the
globe valve is completed by examining the characteristics of the
compressible fluid such as the flow velocity and the flow rate according
to the opening rate and the outlet pressure of the globe valve through
numerical analysis and selecting the optimum cone shape.

This paper is composed of 4 chapters, and the summary of each
chapter is as follows.

In Chapter 2, "Verification of Globe Valve Model", the flow rate
obtained from the CFD analysis of the globe wvalve CFD model for

numerical analytical development and the experimentally obtained flow



rate were compared with the flow rate through the theoretical calculation
to verify the modeling.

In Chapter 3, "Development of cone shape model," a method for
calculating the characteristics of a compressible fluid, which is actually
used fluid of a valve, is presented first. In order to develop the wvalve,
the shape of the cone, which is one of the components of the operating
module, was modeled as three types and the CFD analysis was carried
out by establishing the governing equations and the turbulence model.
The flow progress of the compressible fluid was confirmed by the flow
analysis and the flow rate according to the opening rate and outlet
pressure of the valve was confirmed by numerical analysis. Among them,
the notch shaped cone with the best flow characteristics was selected
and the results were analyzed through analysis of the flow characteristics
of each shape.

Chapter 4, "Conclusions" summarizes the overall conclusions in this

paper.
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(b) Main component description of developed globe valve

Fig. 2-2 Modeling and description of developed globe valve
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Table 2-1 Parameter for calculate of flow rate

Name Parameter Unit
C, Flow coefficient 0.6 -
A Cross section area 1984 « 1073 m?
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(b) Flow area for flow analysis

Fig. 2-3 Flow area modeling for flow analysis

Table 2-2 Dimension of flow area

No Item Size Unit
A Diameter of inlet and outlet 50 mm
B Length of inlet pipe 200 mm
C Length of outlet pipe 300 mm

CFDAN S 9 E 2 ARSel At 9% A4 5ol (domain)el
Aol 4% §Al, ¢F L Gde Bgo] Wasth Table 2-3& Aol
448 AAZDE Y §A% A 2589 Ca 34L 98 156
A%

2 AdAsglon Wi Rde gA TIPS k—w SST
o]

o
-
&ttt =3 dde 2de FT2(isothermal) &8 A7 3o
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Table 2-3 Domain conditions

Domain Name
Working fluid Incompressible fluid
Turbulence model k—w SST
Heat transfer Isothermal

otz Table 2-4= AH-E&%¥ ZAA(boundary)Z71S Yyehdyg. 44 =&
156[C] % BSlbarl= AAstHiL, WE 7|E Aol wep WBE kg o
100[%] el wo] A4 4D 02[barlE APE AME-3t7] 93] 4.8[bar]
2 Ay, 3 FuEe] U, v, W, uuol desidE 4 No slip)

A0 AR

Table 2-4 Boundary conditions

Parameter Value Unit
Inlet temperature, 7; 15.6 T
Inlet pressure, 0.5 MPa
Outlet pressure, £, 0.48 MPa
Pressure difference, AP 0.02 MPa
Wall condition No slip wall

_’|4_
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(d) Flow measuring field and equipment

Fig. 2-6 Test process for capacity factor experiment
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Table 2-5 Boundary conditions for capacity factor experiment

Parameter Value Unit
Fluid name Water
Fluid temperature, 7' 15.6 T
Inlet pressure, P, 0.1139 ~ 0.1144 MPa
Outlet pressure, £, 0.0394 ~ 0.0395 MPa

g Q % Oy ot Table 2-63 #Zt}.

Table 2-6 Flow test result

No P, (MPa) P,(MPa) Q(m*/h) Cy(gal/min)
1 0.1144 0.0395 28.6 50.132
2 0.1145 0.0395 28.6 50.031
3 0.1143 0.0394 28.5 49.956
4 0.1139 0.0394 28.6 50.536
5 0.1140 0.0395 28.6 50.536
Ave 0.1142 0.0394 28.5 50.238

9 AAzA wel Wr frgo] 100[%]1Y W @ 285[m*/hl, Cp=
77t 50.238[gal/minle] ASH Ak ASAR 75L A% A 21 L A
247 ARAG CF 0535 AHEs] ALE Q= ofdll A (2-13)3 %
o}
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1
— 1.17 o 29994 hd m
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(c) Vector distribution(V notch cone)

Fig. 3-4 Vector distribution with notch shape for globe valve
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(a) Pressure distribution(notch-less cone)
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(b) Pressure distribution(U notch cone)
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(c) Pressure distribution(V notch cone)

Fig. 3-6 Pressure distribution with notch shape for globe valve
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A. Assembly drawing of globe valve

_64_



B. Massflow rate by opening rate and outlet pressure

B.1 Notchless

PP Opening rate(%)
5 10 20 30 40 50 60 70 80 90 100
096 |0 0 0 0 0.016 | 0.064 | 0.124 | 0.176 | 0.233 | 0.282 | 0.323
08 |0 0 0 0 0 0.102 | 0.193 | 0.382 | 0516 | 0.634 | 0.716
06 |0 0 0 0 0 0.157 | 0242 | 0493 | 0.698 | 0.858 | 0.961
04 |0 0 0 0 0 0219 | 0328 | 0582 | 0.788 | 095 | 1.061
02 |0 0 0 0 0 0.322 | 0445 | 0665 | 0.828 | 1.017 | 1.091
0.1 1.105
0.05 Py/P, (004~0.1) : ALY A A 1.105
0.04 1.105
B.2 U notch
PP, Opening rate(%)
5 10 20 30 40 50 60 70 80 90 100

096 |0 0 0.026 | 0.042 | 0.062 | 0.094 | 0.144 | 0.193 | 0251 | 0.298 | 0.33

08 |0 0 0.03 0061 | 0099 | 0.115 | 0251 | 0425 | 0558 | 0.651 | 0.734
06 |0 0 0.043 | 0.117 | 0.143 | 0.186 | 0.335 | 0538 | 0.725 | 0.88 | 0.965
04 |0 0 0.064 | 0.142 | 0.172 | 0216 | 0.418 | 0.641 | 0.827 | 0.968 | 1.069
02 |0 0 0.094 | 0.171 | 0213 | 0.302 | 0513 | 0.701 | 0.898 | 1.023 | 1.109
0.1 1.142
0.05 Py/P; (0.04~0.1) : 9AG=HH] AA 1.142
0.04 1.142
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B.3 V notch

PP, Opening rate(%)

5 10 20 30 40 50 60 70 80 90 100
09 |0 0 0.035 | 0.059 | 0.08 | 0125 | 0.175 | 0.223 | 0276 | 0.323 | 0.336
0.8 0 0 0.048 | 0074 | 0111 | 0.198 | 0.366 | 0.498 | 0.625 | 0.695 | 0.756
0.6 0 0 0.082 | 0129 | 0.188 | 0.301 | 0472 | 0.652 | 0.817 | 0.927 | 1.001
0.4 0 0 0105 | 015 | 0.211 | 0331 | 0551 | 0.759 | 0.924 | 1.023 | 1.094
0.2 0 0 0.136 | 0177 | 0.265 | 0.438 | 0.633 | 0.817 | 0977 | 1.058 | 1.132
0.1 1.155
0.05 P/P; (0.04~0.1) : 9AEHH] A% 1.155
0.04 1.155
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C. Matlab code

C.1 Actual value(CFD) of massflow rate

function fittingcompare = fitting(x,y,z notchless,z unotch,z vnotch)

oe

% Graph for massflow rate

oe

'"AIRCFD 11-17 fitting.mat' is the massflow rate according to piston

% displacement and outlet pressure

Massflow rate Notchless cone
addpath('D:\GRADUATEiFLOWANALYSIS')
load('AIR IDEALZ.mat')

o

[X, Y]=meshgrid(x,vVy);

figure

surf (X,Y,z notchless ideal)

title('Massflow for displacement and outlet pressure')
xlabel ('Piston displacement (mm) ")

ylabel ('Outlet pressure (bar) ") % outlet pressure, bar

zlabel ('Massflow (kg/s) ") % massflow, kg/s

o)

% Massflow rate U notch:cone
addpath ('D:\GRADUATE FLOWANALYSIS')
load('AIR IDEAL2.mat')
[X, Y]=meshgrid(x,vy);
figure
surf (X,Y,z Unotch ideal)
title('Massflow for displacement and outlet pressure')
xlabel ('Piston displacement (mm) ")
ylabel ('Outlet pressure (bar) ')
zlabel ('Massflow(kg/s) ")
% Massflow rate V notch cone
addpath('D:\GRADUATEiFLOWANALYSIS')
load('AIR IDEALZ.mat')
[X, Y]=meshgrid(x,vy);
figure
surf (X,Y,z Vnotch ideal)
title('Massflow for displacement and outlet pressure')

xlabel ('Piston displacement (mm) ")
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ylabel ('Outlet pressure (bar) ")
zlabel ('Massflow (kg/s) ")

o

oe
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C.2 Fitting function for massflow rate

%% Coefficient of fitting function (linear model polynomial 4X3)

% Coefficient of Notchless cone

pn00 = -0.06333;
pnl0 = 0.0006284;
pn0l = 0.6687;
pn20 = 3.574e-06;
pnll = -0.03773;
pn02 = -1.212;
pn30 = 5.435e-06;
pn2l = -4.08e-05;
pnl2 = 0.074;
pn03 = 0.5574;
pnd40 = -4.344e-08;
pn3l = 3.04e-06;
pn22 = -0.000457;
pnl3 = -0.02659;

% Coefficient of U notch cone

pul0 = -0.154;
pull = 0.01905;
pull = 0.6305;
pu20 = -0.0004572;
pull = -0.04298;
pul2 = -1.135;
pu30 = 9.323e-06;
pu2l = 0.0001506;
pul2 = 0.06903;
pul3 = 0.5773;
pud40 = -5.316e-08;
pu3l = 1.447e-06;
pu22 = -0.0003762;
pul3 = -0.02881;

_69_



o
°

P
P
P
P
P
P
P
P
P
P
P
P
P

oe

oe

oe

Coefficient of V notch cone

v00 = -0.1058;
v10 = 0.01133;
v0l = 0.5614;
v20 = -0.0001149;
vll = -0.0345;
v02 = -1.139;
v30 = 5.131e-06;
v21l = 6.53e-06;
v12 = 0.06465;
v03 = 0.6472;
v40 = -3.824e-08;
v3l = 2.1e-06;
v22 = -0.0003065;
v13 = -0.03201;

Notchless cone fitting function
N fitting equ = pn00 + pnl0*X + pn0l*Y + pn20* (X.”2) + pnll* (X.*Y)
+ pn02* (Y.”2) + pn30*(X.73) + pn2l*(X."2).*Y + pnl2*X.*(Y."2)
+ pn03* (Y."3) + pnd40*(X.”4) + pn31*(X."3).*Y + pn22* (X."2) .*(Y."2)
+ pnl3*X.*(Y."3);

U notch cone fitting-function
U fitting equ = pul0 + pul0*X + pull*Y + pu20*(X.”2) + pull* (X.*Y)
+ pul2*(Y."2) + pul30* (X."3) + pu2l*(X."2).*Y + pul2*X.*(Y."2)
+ pul03*(Y."3) + pud0* (X."4) + pu3l*(X."3).*Y + pu22* (X."2).*(Y."2)
+ pul3*X.*(Y."3);

V notch cone fitting function
V_fitting equ = pv00 + pv10*X + pv01l*Y + pv20* (X."2) + pvll* (X.*Y)
+ pv02* (Y."2) + pv30*(X."3) + pv2l*(X."2).*Y + pv12*X.*(Y."2)
+ pv03*(Y."3) + pv40*(X."4) + pv31*(X."3).*Y + pv22* (X."2).*(Y."2)
+ pv13*X.*(Y."3);

error is relative error

assume 'z' by ANSIS is true value and fitting value is approximate value
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°

Error between massflow of notchless cone and notchless cone fitting
error n = abs(N_fitting equ - z notchless ideal)./z notchless ideal*100;
Error between massflow of U notch cone and U notch cone fitting

error u = abs (U _fitting equ - z Unotch ideal)./z Unotch ideal*100;

Errot between massflow of V notch cone and V notch cone fitting

error v = abs(V_fitting equ - z Vnotch ideal)./z Vnotch ideal*100;

As a result of error calculation, V notch cone fitting has an error of

8.16%, U notch cone fitting has 12% and Notchless cone fitting has 7.16%

Notchless cone
addpath ('D:\GRADUATE -FLOWANALYSIS")
load('AIR IDEALZ.mat')
[X, Y]=meshgrid(x,y);
figure
surf (X,Y,z notchless ideal)
hold on
surf (X,Y,N fitting equ)
title('Massflow according to outlet pressure and piston displacement')
xlabel ('Piston displacement (mm) ")
ylabel ('Outlet. pressure (bar) ")
zlabel ('Massflow(kg/s)")

U notch cone
addpath ('D:\GRADUATE FLOWANALYSIS')
load('AIR IDEAL2.mat')
[X, Y]=meshgrid(x,vy);
figure
surf (X,Y,z Unotch ideal)
hold on
surf (X,Y,U fitting equ)
title('Massflow according to outlet pressure and piston displacement')
xlabel ('Piston displacement (mm) ')
ylabel ('Outlet pressure (bar) ')
zlabel ('Massflow (kg/s) ")

V notch cone

addpath ('D:\GRADUATE FLOWANALYSIS')
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load ('AIR IDEALZ2.mat'")

[X, Y]=meshgrid(x,vy);

figure

surf (X,Y,z Vnotch ideal)

hold on

surf (X,Y,V _fitting equ)

title('Massflow according to outlet pressure and piston displacement')
xlabel ('Piston displacement (mm) ')

ylabel ('Outlet pressure (bar) ')

zlabel ('Massflow (kg/s) ")
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C.3 linearity of massflow for each cone shape

% partial differential equation of Notchless cone fitting function
nabla zn = - (1641116800126859*X."3)/9444732965739290427392
+ (21533991161885583*X."2.*Y)/2361183241434822606848 ...
+ (9624773187898695*X.72)/590295810358705651712
- (8430162041685265*X.*Y."2)/9223372036854775808 ...
- (3010508632829399*X.*Y) /36893488147419103232
+ (1054858613111007*X) /147573952589676412928 - (2659*Y.73) /100000 ...
+ (37*Y.”72) /500 - (3773*Y) /100000 + 5795966987959541/9223372036854775808;
% partial differential equation of U notch cone fitting-function
nabla zu = - (8033312071339211*X."3)/37778931862957161709568
+ (20499792902137131*X."2.*Y)/4722366482869645213696 ...
+ (16509983519922639*X.72)/590295810358705651712 ...
- (6939665120529533*X.*Y."2)/9223372036854775808 ...
+ (5556159315001317*X.*Y) /18446744073709551616 ...
- (8433851390500007*X) /9223372036854775808 - (2881*Y.~3)/100000 ...
+ (6903*Y.72) /100000 - (2149*Y) /50000 + 381/20000;
% partial differential equation of V notch cone fitting function
nabla zv = - (5778665417757927*X.73)/37778931862957161709568
+ (14875454421039381*X."2.%Y) /2361183241434822606848 ...
+ (18172846817703111*X.72)/1180591620717411303424 ...
- (2826963529295989*X.*Y."2)/4611686018427387904 ...
+ (963657910410587*X.*Y) /73786976294838206464
- (4239061788138455*X) /18446744073709551616 ...
- (3201*Y.73)/100000 + (1293*Y.72)/20000 - (69*Y) /2000 + 1133/100000;

I===== ===== = = B ————— =

% Graph of V notch cone function slope
figure
surf (X, Y, nabla zn)
hold on

oe

Graph of U notch cone function slope

surf(X,Y,nabla_zu)
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xlabel ('Piston displacement (mm) ')

title('Massflow change rate')
ylabel ('Outlet pressure (bar) ')
zlabel ('Flow rate slope')

surf (X,Y,nabla zv)

hold on

% Graph of notchless cone function slope

end
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