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Fuel flow simulation in globe valve considering variation of viscosity

Phil Kim’, Jeongbeom Heo', Haebeen Kim" and Eunseop Yeom'

Abstract Valves are devices used to control or stop the flow of fluids through pipelines. Among them,
globe valves with a movable disk or plug experience a significant pressure drop due to the changes
in fluid flow direction from horizontal to vertical and back to horizontal. This study analyzes the flow
characteristics and cavitation in a globe valve, focusing on the effects of varying fuel viscosity due
to changes in pressure and temperature. Simulations were conducted with IFO 380 fuel under constant
and variable viscosity conditions. The Realizable k-& model was applied, and cavitation was simulated
through multiphase flow conditions. Results showed that at a 50% valve opening, significant pressure
drops and cavitation occurred in narrow regions, while at 100%, pressure changes were more gradual.
The WLF-Barus model revealed that higher pressures increased fuel viscosity, reducing cavitation
compared to constant viscosity conditions. Flow coefficient (K,) calculations showed minor differences
between constant and variable viscosity, with the variable condition leading to a lower K, at full valve
opening. The study highlights the impact of viscosity changes on flow resistance and cavitation
behavior.

Key Words : Globe valve (2 2H. ®H) WLF-Barus model (WLF-Barus 5.2), Viscosity (FX),
Flow coefficient (& 715%), CFD Simulation (Z14H+#]<33}

1. M2 Ul el 59 BEoR Bolzlth 22

BoEpE o)ud 4] BE9 Wa u]

BB elzeiels Sal FAlC S8 2 a4 4 E2e Aethd 197

2AsAY Fsked AMEEE R olth 1 gie] wmu ) A e W g8 Bys

T SRE OUEE HolE UL BE FE Adgsie Ao 48d AAE 96 Fasit

19k o] g ks Rk Harel e, wAl e BE MU Exss dge drl 34 AR

of 74 EFelM 4 FF EFoR v F, gix) ko oy Lxo] w7 WE

olr) @ 5 ol & T o 5= O 390 &

T School of Mechanical Engineering, Pusan National ;z\:; stZ Ej;é} }:]i; f ETET]P t‘ii - m;ﬁﬂ /]%g

University (PNU), Associate Professor ;/:} go Z @:oﬂ o ; o %’J_’_E;% e o

. E-mail: esyeom@pusan.ac.kr 7;/\% o ;qg A ) )
School of Mechanical Engineering, PNU, = C‘j e e o _

MS Student A B8 A W), gE A3l Ad=




Ao M HslE e 28 WY Yi /5 AlEdeld 55

A aks] olafslal t)gels AL WH o FHA 22 X5 EE
TS B Sl HaAelrt o]&
ga), My Ee] SE ENS wuE BAle Fluent 2022 R1 (ANSYS, Inc., USA)S &
W, AE Wbl mebd Y B¥ R fEg Ol RN UM URE S=E AR(FO
F5 A4S gol detak ot 3 Ay B0 T sk Adge e fEow
o old &AL H4dlEy] 98 AR A Realizable k-& ‘i 295 AH8-3}3ITh Reynolds
T3l sk stressesOll et i sEo By} dA et
54 54 Aoks TS E AQhe mHlo]
2. i7L ap o} B &k no-slip 2A1S 28313}
&% AZHL Coupled 2715 483191
21 2EB W8 oHEy on, FEANE BAEY] 98 oY e =
1] A& At}
Fig 1> A Alg5 2218 WH9 {& 2 G0 Ars) Q3 2 AL 72°C, 15
3t s HelEth ek 7l 92 pare] 9 1.661 Pass o] AHEE AT Smet
el AL 25 mmolth F7= W71 £ gheo] fAl9) Hmel nX)= BeHQ dge
o] A&Hem, oll= 20, 40 bar =11 ZF A 3l7] 9] WLF-Barus 2 2lo] #|<kE] 9]
3t o] A8tk 100, 70, 50% ¥ E = th A=) v e A S sdRde 1835k
o] mdle] FAtk 50% Mul 2= A 259} gteo] vhyol wel HEm)e] WskE
T 2wl A wHe AV1E s

sk Aol T 838ttt ol& f1@iA 1.0 mm
0.4 7HA] BRH7FE A E TRl A1 9] R (7

Izm A w7 bAEA E= L] 1;] ;e n @[(,M>((ﬁo+ﬁ1(rfr,ﬂf))(137pmf))] (1)
Hl &kt 0.5 mm oAl = =85 rey et (7~
keIl & Aol A AHE-gh w4
1= 04 mm=, W] G= BE AT q =1.801 Pass, Ter = 30°CO] 3L, Prop = 0 bard
2x10°7) o] & FHakTh o], &= B ekl wel depA = s
23 2t} (¢ = 3.95, ¢, = 96[°C], Po = 3.06x10°

oo

oy,
o
o

2 ol 4y ool oft A fo Y i oR
ol
N EP

100% opening 50% opening

Mesh

Fig. 1. Schematic diagram of globe valve. Two different opening degrees (50 and 100%) were analyzed.
Mesh around corner was magnified



56 24 sh - 4

[1/bar], Bi= 3.4x10°[1/bar-°C]]).”) B4 ()
2o oteof wel WEh, o] & ALlslr] 9
&l Murnaghan 25 AR8-33itt

el 55 om0
1714

];0(0, T) =ayt+a (T = Tref) + az(T = Tre[ )2 (3)

Ke(T) = Kzexp (=A(T = Tyy ) )

Polynomial 2]21 (0, T)= th7]tell A 54 =
Zof vAHE Tk, qp = 1.0087 em’/g, @) =
7.5%x10™* cm’/g°C, a, = 1.1x10° em’/g-°C* o]t}
k.= empirical A2 940|t}. K& &%= w}

GEF4] = bulk modulusE XA} = 0 bar,
Ter = 30°C A ZEO 2 0.07x10* baro|t} A:
7.4x107°Cto)th, Wale Aot U=E auds)

of A3

75

-
&

1.0 mm

0.7 mm

2
w

0.5 mm 0.4 mm

Reynolds number
~3
S

71

70

i 2 3 P s s

Number of elements % 10°
Fig. 2. Variation of Re at outlet depending on
element size

13 3= 4E o] 20, 40 bar 7oA EebA|
F2H WH T e SR oY B
35 BoErh 7M1

i Ae
b
1o
rE

Inlet pressure condition

20 bar

40 bar

Velocity Pressure

Velocity Pressure

50 %
bar
S .
0 20
} I
100 %
bar bar
[ | [ |
0 20 0 40

Fig. 3. Comparison of velocity and pressure fields according to inlet pressure and opening degree.
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Fig. 4. Variations in velocity and pressure fields according to constant and variable viscosity.
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