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Performance of flow coefficient of 8inch cryogenic globe valve

Jung Hun KIM

Department of Refrigeration and Air-conditioning Engineering,
The Graduate School,
Pukyong National University

Abstract

The cryogenic field’s used of LNG is increasing in scope gradually
yvet steadily in order to keep in step with global trends in the energy
industry. In this field, greater importance 1is being placed on
environment and safety, as represented by the International Maritime
Organization’s environmental regulations, heightened interest in
environmentally —friendly alternative sources of energy, and nuclear
phase-out plans. With growing demands for LNG, the cryogenic

equipment market is also anticipated to expand at the same time.

Technologies in the cryogenic field should be researched and
developed by utilizing data accumulated from a variety of experiments
performed in the cryogenic environment. However, there is plenty of
room for improvement in Korea's cryogenic technology development as
lack of relevant infrastructure in this field has limited experimental

research efforts to carrying out fluid analyses or experiments in



ambient temperature environments with alternative fluids only, rendering

research outcomes rather unreliable.

Among various items in the cryogenic field, cryogenic valves are a
core component used to shut off and control the flow of a working
fluid in extreme environments below - 163 C to ensure stable operation
of cryogenic plants/systems; however, Korea is relying mainly on
imports to secure this key equipment. As such, a cryogenic experiment
using LNG as the working fluid was carried out in this study in order
to understand the main factors as well as the performance

characteristics of cryogenic valves.

To perform the experiment in a cryogenic environment, the
performance evaluation system used at the LNG and cryogenic
equipment test and evaluation center in Gimhae, Gyeongnam Province,
was utilized. The evaluation was performed repetitively by changing
several conditions of the samples (valve opening rate, flow rate,
differential pressure, etc.) in accordance with prescribed, internationally
certified specifications. The value of flow coefficient C, was obtained
by adjusting the degree of valve opening per given flow rate, and the
resultant value was compared against the design value and outcomes

from other studies.

It was confirmed that the C, value per valve open rate had an error

T

of up to approximately 29% of the design value at a flow rate of 700

_iv_



m®/h. Comparison with prior research that used water as the working
fluid revealed that when the valve open rate increased, the C, value
also increased, linearly. In addition, when the C, value was measured at
the flow rate of 800 m*h by adjusting the valve open rate, the value
increased linearly in sections below 85% of the rate but remained more
or less identical above 85% of the rate regardless of rate adjustment.
Efficient valve design and fabrication can be expected when such

characteristics of cryogenic valves are taken into account.
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upstream pressure [kg/cir]
downstream pressure [kg/crr]
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Table. 1 Drawing value of 8inch test valve

H1 H L YWA | n-0h D @d

Spec Size (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)

Value | 8%(200A) | 875 1900 568 376 | 12-25 | 381 203.2

Table. 2 Design value of 8inch test valve

Description : 200A (8inch), CL 300, A-351 Gr.CF8, Flanged Per ANSI B16.5
Service conditions . . .

L Variable Units Maximum
Liquid-LNG
Volumetric Flow Rate Q m/h 1000.00
Inlet Pressure P1 kg/cn 11.23
Outlet Pressure P2 kg/cn 9.70
Inlet Temperature T1 °C -163.00
Specific Gravity Sg = 0.46
Kinematic Viscosity v centistokes 1.00
Vapor Pressure Py, kg/cnt 7
Critical Pressure Pq kg/cnt 225.35
Cv calculations
Liquid Pressure Recover

4 5 oy : 0.90
Factor
Liql.lid Critical Pressure FF B 0.94
Ratio
Liquid Choked Flow

¢ F, : 1.00
Factor
Valve Reynolds Number Rev - 1824511106.22
Reynolds Number Factor Fr - 1.00
Piping Geometry Factor 1.00
Valve Sizing Coefficient C, - 637.51
Valve velocity calculations
Body Inlet/Outlet

. dl_d2 mm 203.20
Diameter
Inlet Velocity, Liquid m/s 8.56
Outlet Velocity, Liquid m/s 8.56
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Table. 3 Specification for cryogenic valve performance test

system
Item Specification
1. Flow rate : 0 ~ 1,000 m’/h
2. Valve Diameter : 1 ~ 14 inch
Test scope 3. Pressure : 1.1 MPa
(Design : Max 3.0 MPa)
4. Temperature : -196 °C
) Flow  coefficient, Pneumatic pressure, Leakage,
Test item
Reliability test, and etc.
ANSI/ISA=75.02.01-2008(Control ~ Valve Capacity
Standards
Test - Procedures)

Table, 3¢ WB 45%7} Azgle] AF AF 2 FA0
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A\
o
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N
olr
ot

ME 7= 1 ~ 14 Qxoln H =S 1000 mYh, HAgaS 1.1 MP
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= ILN, 2%9¢ -196 C 744 Al&o] 7F53tet. A 124
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Aa 2 &7, FF5S o83 742 5 54 & 5 vk 1

f
rlo
oX,
2
>,
fr
=2
O(;){:,I'
)
v

KOLAS S5+ W

_14_



INGZFALAE S WMy ASygrt A2~8S KOLAS(Korea Laboratory

Accreditation Scheme)ell o]&] 2017\ 109 = AFAA A7 AAHS I
SRt KOLAS® Algd7]#e] #4 Al2dy Agsds Fadoz2 Q14

A AR AAAGVIRe] ANddds wAlH a8s 7 71
AEAPE AFHF+= Aotk Fig. 82 AdAE7F =471 MRA &
Zol™ 15 7] ILACUFd = 85, 7Fd717 89) APLAC(Z7Fd= 23, 7k
719+ 37) 1 ¢ TAAC, EA, SADCAS] 7|# o= o] Fo] x4 it}

2 AT AlE 834 22X MBS KOLAS IABAIA7I#S LNG=

T

A2AE B A e 7 AlL" S o]-§8ko] ANSIISA 75.02.01-2008 1t 4

of we o Be SR/ NG dvke FAA

A

=lLAC : international Laboratory Accreditation Cooperation =EA : European co-operation for Accreditation
=APLAC : Asia Pacific Laboratory Accreditation Cooperation  s$ADCA : Southem African Accreditation Cooperation
=|AAC : Inter-American Accreditation Cooperation

Fig. 8 International MRA status
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TFAANA QFste FEFASY 2 T AHY AL TEe HAA =9
5 kel +2 % o, vhHE F4 32 05 % ©]th Photo. 12 LNGH A
=AY 7 Bad EAle] wAg A4y Ao r wAH AR EE 7iE 717
b AAl 274 Wl g 004 ~ 009 %, WM SHRe 003 ~ 0 %F U
el A4S WA St

32 YE : BEGC-0208-17031
2425
Calibration Results % o] A : (2)/&(2)
) 7] 7] B Description) » 03| f 2% a4
0 A2 AL 2 @A (Manufacturer & Model) : Micromotion Inc. & CMFHCAMBLINABIEZZR( Tr.:2700R12BBIEZCE)
O 7| 7 o Serial Moo £ 12129398(Tr:3346750)
A=Al 53 7] =43t iy Aslddias =34
s & Ah ek A Ak [(Y/N—1)s100] SAH 31 HEE (g, ) Bake (i)
[ kg/min) X (kg) ¥ {kg) (%) (%) (%) (%)
14 896.7 61 574.9 1 636 0.10
15 151.9 2 630.3 62 681 0.08 £.09 0.005 0.19
14 338.9 13355 61302 0.09
11 463.2 9 744.4 9752 0.08
I1 5992 0N861.7 9 867 0.05 007 0.007 o1e
11 580.0 g 8442 9 851 0.07
B 8845 g 9424 9449 0.07
B 406.5 10 088.9 10 096 0,07 (.07 0001 0:19
8 307.8 g 070.1 49877 0.07
5 (199.6 10 1994 10 206 0.06
5126.2 10 253.8 10 260 0.07 (.08 0.009 0.19
4 999.8 9 999.8 10 008 0.09
1 782.1 D 712.6 8716 .04
1 7802 9 702.5 9 706 0.04 004 0.002 0.19
1 837.0 10 011.7 10 016 .04
A 4 = 80
G 5 15 151.9 1 780.2 [kg/min
5 4 0.10 0.04[%
SAEEE 0.19 0.19|%
Photo. 1 Mass flowmeter Calibration Results
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Photo. 2 Temperature & Pressure gauge Calibration Results
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Fig. 13 Valve opening ratio according to input current
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Fig. 15 Variation of flow rate according to opening ratio

Table. 4 Test results to Inlet pressure(P;), Outlet pressure(P; Flow
rate(Q)

Tag PIS03 P1504 FIC502
Time Stamps 7|= Py P, Q

chol MPa MPa kag/s
2017-07-27 13:5043 No.l 0.693 0.605 90.34
2017-07-27 13:50:44 No.2 0.694 0.602 90.45
2017-07-27 13:50:45 No.3 0.693 0.599 90.35
2017-07-27 13:50:46 No.4 0.684 0.600 00.27
2017-07-27 13:50.47 No.5 0.691 0.598 90.22
2017-07-27 13:50.48 No.6 0.692 0.600 90.07
2017-07-27 13:50:49 No.7 0.691 0.597 90.04
2017-07-27 13:50:50 No.8 0.692 0.602 0012
2017-07-27 13:50:51 No.9 0.693 0.602 90.16
2017-07-27 13:50:52 No.10 0.692 0.603 90.20
2017-07-27 13:50:53 No.1l 0.688 0.599 90.33
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Table. 4 Numerical constants

Flow Coefficient C Formulae Units
Constant
Ky Cy Q" P, AP, P, ™ T d,. D v
LNy 1.00x 10" 8.65x 107 m/h kPa kg/m® i = =
1.00 865x 107 m'/h bar kg/m® — — —
1.00 apm psia Ibmift® — —
N2 1.60x10% 214 x1p? = = s mm =
8.90 x 10° —_ — —_ in -
N 7.07x 107 7.60 x 107 mh — = . mis
1.73x 10° gpm - = — — cS

A (4= SI w9 = WEaly] 98 Table. 52 H#

2 5 =Fskdh

P

Q Po
= = ] =T
G N, AP

C, : TEAT-]

fr % [m?/h]

N, ¢ el 34 (0.0865)( -]

p ¢+ FAE E[kg/m’]

2wzl
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AP : = 2HPal

AT NE A (5)d et

g A4k

ot
NE
=
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Fig. 17 Test results according to flow rate 700 m'/h
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Fig. 18 Test results according to flow rate 800 m’/h
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Fig. 19 Comparison with former study - water
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Fig. 20 Test results according to Flow rate 800 m'/h
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