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Discharge Evaluation Program Development of Anti-surge Valve for FPSO Fuel Gas
Compressor System

1o 1 1 2,

1 gEs’, olsgl -’-‘-%EHZ@

Hyung Wook Park’, Seung Min Lee' and Jong Rae Cho™"

1 staslYnistn 7| A 3 &1} (Department of Mechanical Engineering, Korea Maritime Univ.)

2 shASHUC st 7|A - ol K| A|AE ZSHE (Division of Mechanical and Energy Systems Engineering, Korea Maritime Univ.)
P Corresponding author: cjr@hhu.ac.kr, Tel: 051-410-4298

Manuscript received: 2011.7.26 / Accepted: 2011.9.2

In this study, to avoid surging in the system as a way to ensure the proper discharge requires the
design of the valve capacity rating objective is to develop a program. Approximation algorithm for
the capacity evaluation is suggested. Loss coefficients obtained by the algorithm is calculated put
in the governing equation for the valve flow coefficient and capacity. Calculated values were
compared with numerical analysis results for the verifying their validity. The proven formula is
created using Excel and it can be easily available the valve design engineers. Creation of
analysis models were using a version of Unigraphics NX 4.0, numerical analysis were using a
flow analysis commercial program ANSYS CFX 12.0 version. Equations were referenced
'Handbook of Hydraulic Resistance - 3rd Edition’.
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7|zMd9H D,, = cross-section diameter of plug
L = length of plug

Re = Reynolds number [ = ratio of length (//dy)

®( = velocity of orifice outlet /= length of orifice

dy = cross-section diameter of orifice d, = hydraulic diameter

v = kinematic viscosity V = velocity

A = coefficient of friction resistance of the segment of AP = overall pressure difference

length / y = specific weight

f = arearatio of a orifice (Fo/F,) K = loss factor

Fy = cross-section areas of fluid in contact with the plug T = coefficient of effect of pipe walls

F, = cross-section area of total orifice Q = discharge

N = number of orifices A = cross-section areas of pipe
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Fig. 1 Calculation algorithm for discharge

Values of A = 0.02

j=4 g

di £ 002 004 006 008 0.10 0.15 020 0.25
0 1.35 6915 1676 716 394 244 995 51.4 30.0
0.2 1.22 6613 1602 684 976 233 95.0 49.0 28.6
0.4 1.10 6227 1533 655 360 223 91.0 470 274

0.6 0.84 5708 1382 591 324 201 819 423 246
0.8 042 4695 1137 486 266 165 67.2 346 20.2
1.0 024 4268 1033 441 242 150 61.0 31.4 18.3
1.4 0.10 3948 956 408 224 139 564 29.1 17.0
2.0 002 3783 916 39! 215 133 54.1 279 163

Fig. 2 Values of K at A (=0.02)

3. &R|alA

31 i 2
WE o frEaAe] doA i REe A
TOF JHAste] Agele k—g o] @Ol A
Ha gth HZolE= Menter(1994)" o & 7i

¥ k—o SST(shear stress transport) B3-S o] A}
g3ku e, k-0 SST 29 FAS vl
A AFE GRFEd 43 k-o 293 3

froEol AT k- RS EgE 2oy,
001 s }

FF8200)22004)° 52 At Aol g F
2R 9B =3 YR 3 Y F5% g ¥
T d@d UAE 8 WEEEe] Wre §%5%F
3] 41> ol A %2%19} A HAEso FA8 Adse
229 EYS PR Fra Wbl g F53
A7 MEEEe] MHA FE A4S 4 F



BI2HYURSHS|X| K| 28 H 125 pp. 1411-1418

December 2011 / 1414

UE AR H=za A4S AEsted dREY
) k—g 2d ARG iAME AR, HdF
(2008)* 5o s A& LNG #
AZ g 3 A9 £ ?‘sﬁfﬂ’ﬂw k-g2dE o
3kt

Bardian(1997)° 5€  “Turbulanc
Validation’©] 2= ATl A AAF

pe=NieN

Modeling
3 7E el

HE 3 FE5S e e AAEd k-0
SST Eele 2831931, Menter(2001)"® 52 gt
gz 93 fmuky S o ==

AHgERl o, 2 #]-8(2006)"
oAl At B Y U o
e =ol=d k-w SST

5
. w3 w)7)8H2008) o F
i) 7]0}6‘]—7(—10 53/\OL

T o

O]

o

o 30,

40A1m
o

offt
Jlm r
oX,
m]o

g
F Al R

A8 A& k—w SST

!
i)
o
_|>L
oo o
ol
32
£

re
re
-4
é
rlr
ru[u
E
5
i 1o
=
_1

+5941e)
H GHFed Y fFAE

Reynolds -average Nav1er—Stokes
ALREY T YRR aHA

9g AT A5

Al A, B e

i
ki
9

s
i

g
Z
N2
Mo
ol
o |
2
_|>~
m]o

1>
lo
e
|
e
&
— ok
[o%

(K L
ozi
p‘ﬂ
%l
o
ﬂ
4
e
:(,>1:
1
o
do
o,

of 44 AME FAGL FEPY HEFE
AE(fully coupling3h™ Tl A E 9alA
DAYE TP AgEE Tz,

—+—(puj):0 (10)

Al
2

0)& &P, A (1)
v} +

(e}
o]t}. Navier-Stokes 7321 A7t
RANS A2 & goliss §2o
=—pui;| o MAZS FHHoR xFe)
Hr}h o] RANS WA2 & ?75*1717] Skl
ol Zadd 4 (12)° ek Hl#HA
o A3

%

1> ol

/WE 2>

i

Ol g Xl o off

D oc D, +D, (12)

®E k-0 SST RHlola, @& k-¢
ol @, = k-o Edoltl 4 (13)2
(F)E o438t k- 299 k-0 R2s
g FdHE k-0 ZH K& wotal k-¢
o (1I-F)& e 4 133 2e Fe=

EAR IR

oL

Lol PN o

¢

TS oy e

stem
bonnet
| __— plug
S —> body

Fig. 3 Schematic diagram of anti-surge valve
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Fig. 4 Grid generation for analysis

Pressure measurement locations

Inlet

Fig. 5 Symmetry and boundary condition

Table 1 Grid density check for analysis
Grid density | Inlet Outlet AP Q
(million) (MPa) | (MPa) | (MPa) | (m%s)
Calculated 3.18 1.51 1.67 8.97

0.85 3.18 1.43 1.75 7.58
1.70 3.19 1.42 1.77 8.23
2.50 3.19 1.41 1.78 8.34
4.00 3.20 1.41 1.79 8.34
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Table 2 A= WHIF 100% S-S #We FF Table 4 Discharge results of 50% opening  [m’/s
Apol& HluEh Aoz Al 7px WME B 10% 7 ANSI valve type
b K= 922 HFs HF oX Opening rate (%)
L’] ]’ 1+E]'A)\—L- ]’ S S ]’ 300 600 900
T 6.0% =S & 5 ok
Table 3 A= MEEo] 75%Y W] & x}o] Theses 5.15 4.80 10.36
N _ 50
£ Uehdisd B A7 100% d%HE PJ/} Analysis | 6.04 578 12.64
AL 43%= & ol =S 100%2
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o2t AR B4 DA Rk 4
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R Bt 4 Fo|t}, ANSI valve type
a7) Opening rate (%)
300 600 900
Table 2 Discharge results of 100% opening  [m’/s]
Theses 1.79 231 4.43
) ANSI valve type 25
Opening rate (%) Analysis 2.45 3.01 6.45
300 600 900
Error rate (%) 27 23 27
100 Theses 9.77 8.71 16.55
Analysis 8.90 8.11 16.15 Table 4 = W17} 509 AHS we] o= L}
Error rate (%) o 7 2 W Pt LAk 16.7%2 gk Table 5 =
AEgol 5% el A3t AN F3F
Table 3 Discharge results of 75% opening ~ [m’/s] o A3 Aytoln] HF A= 257%% ALEE
ANSI valve type o] A A el
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A= = 9 I3 ]
Theses | 821 | 876 | 1655 S wal NEEA me dsEE 100%d W
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Fig. 6 Construction of FGCS package 55 Excel 2 e T2IS UER Zlojt
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Fig. 8 Pressure analysis result of anti-surge valve

100%

xerg 3141593 112 136 67 84 4
F1 2610035}
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F—fo/fl 0161772}
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Dh
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EEET N
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|gp G L L e MLl
167 9.8 2215 56 4.1 3141592654 100!
V282 | 2508984
v 8% 5008978}
Qxmez | 0393404

8713903

Fig. 9 Excel program for design engineer

5. 48

FPSO <

B7hs 5 A

2 B NEEAA HEE] 100%Y HHL
ANSI ¥WH & ZF(300, 600, 900) ATHE 0.87
m’/s, 0.6 m*/s, 0.4 m¥/s & FrEFo] A& Hdow, 7
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