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High Performance Control Valves
lean on statements of major oil companies and valve suppliers

Reliability Performance Criteria—Severe service conditions are
those which impact the valve's reliability. Severe service conditions

include the following:

Cauvitation or flashing
High pressure drop, where the pressure drop exceeds the critical pressure

Cavitating services, where more than a two stage let-down trim is

required to meet the noise limits without application of path treatment

Flashing services with downstream vapor content exceeding 10% weight
Two-phase flow services with downstream vapor content exceeding 10% weight

High piping vibration

Erosion, such as solids in the fluid, liquid particles in gas stream, and stream.
High valve outlet velocity (liquids > 5 m/sec; gas/steam > 0.3 mach,
Two phase flow, flashing > 60m/s (196 ft/s)

M Control valve Topic of Valve World
LOnirol yalve Converence Dec. 2005
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High Performance Control Valves

“Key” valves
This are valves with highest responsibility for production

targets like quality and quantity as well as plant safety and
economics.

Crude oil supply valves

Pump — and flow machine protection valves
Flare- valves

Feed water, cooling water and fire fighting valves.
Start up (process balance), shut down valves
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Severe service definitions (liquid applications) @ Ib%

SAMSON

Severe service operating conditions

e Cavitation noise with sound pressure levels
between 90 and 100 dB(A)

e Critical cavitation -> damage (plug, seat, body, pipe)
e Flashing -> damage (erosion) (plug, seat, body, pipe)
e Two phase medium at the valve inlet -> damage (erosion)

e Damage can be caused by:

e Mechanical Sources
e Hydrodynamic Sources

e Erosive and Corrosive Service
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Damage potential in case of cavitation and flashing @ Ib

SAMSON ol =
Ranking list of damage potential :
4) ldeal gas/air Cavitation and flashing convert liquid
3) Overheated vapor/steam to Wet vapor/steam
2) Saturated vapor/steam with the highest potential of damage !

1) Wet vapor/steam

Vapor velocity
Liquid velocity

[
—f)

i

\ Cavifation: Water, 20°C
pl = 6 bar, p2 = 2 bar
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Cavitation @ |b>,

SAMSON

e The static pressure decrease below the vapor pressure
forming vapor bubbles.

e Cavitation is the process where a (steam) bubble in a liquid
rapidly collapses because the pressure in the liquid will get
higher than the vapour pressure, producing a shock wave and

a micro jet.
\
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Classical cavitation damage

20160803/atmm - Evolution in control valves for severe services - 7



)

Flow measurement (liquid) @ Ibp

SAMSON

flashing

Q

| Sound and material damages

—

caused by cavitation by abrasion

\fA—p r—
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Cavitation sound level
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Damage due to vibration behaviour @ lis
V-Port- und Parabolic plug R ofcet

Parabolic plug
 symmetric
« outlet through ring gap

V-Port-plug
* asymmetric
« defined outlet
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CavitationToFlashing.mpg
file:///G:/DEMOS/curso repsol 2006/VideoFilm/ProjektVideoFilm.exe

Solutions in case of severe cavitation @ ib?)

SAMSON

Optimization of the plug and seat geometry to
reduce cavitation noise (increase of x,-value)

1 velocity profiles
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Higher X;,- values @ ; S |
ibp:i-

SAMSON

Increasing Xg,- value of about 0,15 can reduce the sound pressure level
in approx. 20-30 dB(A).
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Solutions in case of severe cavitation @ Ié%

SAMSON

CFD optimization pressure reduction in steps
A

+ valve inlet pressure

multi stage reduction

outlet pressure

Fluid Pressure

Vapor pressure

flashing

Distance along flowstream
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Anti cavitation trims @ : S

SAMSON

SOURCE OF FORCES CREATING
STEM BENDING FATIGUE DURING

LATERAL VIBRATION OF PLUG

AC1 AC 2 AC 3 ACS5
Max Ap = 25 bar Max Ap = 100 bar Max Ap = 200 bar
Globe valve X, for valve Xg, for valve Resistance to con- Vibration be-
type 75% load << 75% load tamination havior
Parabolic plug 0.25 to 0.35 clearly up to high poor for single-

0.8 guided plugs

Piston-balanced 0.25 to 0.35 up to 0.5 low good
plug with cage
V-port plug 0.25 to 0.35 up to 0.5 high excellent
Perforated plug 0.25 to 0.35 0.25 to 0.35 low good
AC Trim 0.35to0 0.5 clearly up to high good
System 0.85
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Cavitation damage research @ ib%-

SAMSON

Plug acceleration tests and calibration via pit density

Implosion energy, Optical registration of pit
density for calibration

Acceleration
sensor
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Cavitation damage research @ (S

Xriq Via acceleration measurement inside plug 1I0P: =
SAMSON
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Cavitation damage research @ b%

SAMSON

Cavitation damage in globe valves

33.4 = 35.2 bar
66.8 bar, p1 = 70.3 bar
01.6 bar, p1 = 105.5 bar
33.6 bar, pl1 = 140.6 bar

0000
T TTDO
I [ ||

DWNRF

diameter 150 um
jet velocity 400 km/h
55000 C

Cavitation intensity

* higher for xg->K_.(more bubbles)
* higher with Ap (kinetic energy)
e critical Ap
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Flashing test rig in SAMSON'’s development center @ Ibp

SAMSON

Problem:
* Volume and velocity increase in the mixture during the expansion
e The mixture has, in comparison to each single component, a lower sonic velocity

A wrong selection rapidly leads to unstable flow characteristics with high vibration and
mechanical loading.
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The mixture has, in comparison to @ : S
each single component, a lower sonic velocity e bP

In case of flashing, wet

vapor can reach sonic _ _ Po = 60 bar, saturated
velocity. Sonic Ve|OCIt¥ Temp = 275,6°C
water-water vapor mixtures

Recommended max. trim 1200 1,2

outlet velocity about 60 L 1149 m/s 574 mis

m/s (200 ft/S) with — 1000 1

choked flow. £ ] —~
© 800 0,8 =
2 S
< 600 06 ®
> Y
I .. 8
& I
2 0.4 ¢

400
Flashing liquids, or | \ /
liguid-vapor mixtures 200 0,2
have significantly lower | /

sonic velocities than 0 —_— 0
each single phase. 0 0,2 0.4 0,6 0,8 1
volumen fraction, o [ — ]
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Special requirement for HPI flashing applications @ ib%'

SAMSON
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2-phase flow at the valve outlet with 1250 _
n-components ool Ll e

Pressure, psia

1 - | {41 | 4! 1
%:ahﬂ ZSESE%

\:’-
s

wet T

50 —25 ]

Temperature, °F;

AN

4 T 1
A KT DATA
FOOL ) 1GT DATA

800 (%CH: %CaMe
1 £, 100.00

Recommendation: o120 % 73

s00| 4 O 8516 1484

4

/

5O 70.00 3000
s500] 6 O 5002 4998
7 (O 3002 69.98
400 s O 1458 8502

R ?C 500 9500
p|pe 300ho A 100.00
200 - g:lili:ul tocus A

ve

7~ Ap & p, << p, = angle valve
DN, .,.=DN

valve™

Pressure, psia

v
/
/
7

ANNERSE

&Q\\\\ b T

100 /, o

L =T |~ =

-260 -240 -220 -200 -180 ~160 ~140 ~120 ~100 -80 -60 —40 -20 0 20 40 60 80 100
Temperature °F.

20160803/atmm - Evolution in control valves for severe services - 20




In the case of flashing critical valve @ _ /S
outlet velocities needs attention SAMSON ibp-

DN3"”" => 16 m/s DN6" = 4.8 m/s

Single stage valves with reduced seat size to provide as much space as
possible to the flow at the valve outlet show a continuous and erosion free

operating behaviour.

The seat guided V-port plug avoids flow vibration and resonance oscillations
through it strong guiding and asymmetrical form.
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Long term reliability recommendations @ Ibp

SAMSON

Liquids:
Ap < Apcrit._cav. = 25 bar (Globe valves, single stage plug)
e < 5 m/s, if partial cavitation occurs: xFz < xF < Kc;

e < 3 m/s, if severe cavitation occurs: xF > Kc,
Ap > Apcrit._cav. = 25 bar (Globe valves, multi stage plug)
e < 3 m/s, if cavitation occurs: XF > xFz,

Corrosive liquids like acids:
° avoid cavitation: XF < xFz

if no risk of cavitation v< 6 m/s

General for non corrosive fluids,
free of cavitation PN <= class 600 v<8m/s
if flashing* occurs: xF>1; v< 60m/s

Gas and Steam, Vapors:
¢ < 0,3 Mach, general, but important with low noise devices

¢ 0,3 < Ma <0,6, short operation time

*see publication: Dr. Kiesbauer and Samson-Valve Sizing
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An Overview .... @ ib%

SAMSON

Even if the single process seems to be simple, a modern refinery is a complex
process plant, which requires a specific know-how.

:

20160803/atmm - Evolution in control valves for severe services - 23



Simplified HPI Units

Refining process

Makeup
hydrogen

Feed  Dilution

Fuel oil

Mixed C,s

E
Pyrolysis :
gasoline Gt

Process gas

Light naphtha
| Heavy naphtha
Kerosine

Diesel

gas
comp-
ression

Sour gas
removal

Ethylene

Peropylene Ethane
recycle recycle

valve A

valve B
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Detail engineering-sources for plant-and valve @ _ @és B
designers dried out ! Byl ibpi

= Valve specification sheets are often from low quality:
operating points are missing or not logical sorted to
gmax, gnorm, gmin.

= Important property data, worst case conditions like
start up conditions, control loop information,
"identification of key valves” - etc. are missing.

= The specification volume including increasing
paperwork of standards, special regulations, and
tailored customer requirements have more than
doubled.

= Time for huge project offers is more than halved.
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Detail engineering-sources for plant-and valve @ @és B
designers dried out!

= Plant- and valve designers need time to select control
valves, sound level and economic aspects. Serious control
valve selection requires detail engineering with
competence.

=  Control valve engineers need long-term experience and
high skills in measurement and control, mechanical
engineering and thermodynamics.

= No time for detail engineering will increase the risk of
“quick and dirty” sizing.
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Total Cost of Ownership TCO @ i (s

SAMSON

This slide shows some work done on control valve
Total Cost of Ownership by a team from Heritage Amoco

1998
% of TCO

Spend profile over lifetime Cost element

e

*

« 13% of the cost of the valve is related to the initial purchase,
+ 14% relates to the engineering and installation and the remainder,
« 73% relates to the maintenance and the ongoing valve operations.
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Total cost of ownership @ b?)

SAMSON

Dow Chemical Presentation
(Valve World Conference 2004)

Valve
World

Diagnostic and Reliability of Automated Valves

General Observations

» Costs related to control valves:
- initial cost + installation = 10-20% of total life cycle cost
- valve wetted parts count for 80+% of valve revision cost
- every year = 7% of installed base in "revised"
- average revision cost per valve £ $1500

"There is a real potential for digital devices"

CM, 11.11.2004
“ﬂ""‘ " Be not only smart but also clever” Page 5
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TCO comparison @ : s —

SAMSON

Life Cycle Costs for BASF
(approx. 50,000 Samson Control Valves)

Total Cost of Ownership (TCO):
Life Cycle Costs in Process Automation

Estimation of Average Life Cycle Costs over 15 years:

Severe Service Valves
ABK from 1990 (IT Technology)

USV-Plants

— ABK#ill1990
Field Devices: Radar, MID, Coriolj \\ PNK till 1990

PNKill 1990

| Field Devices: T, p, L Life Costs

‘ | Investition
NS-Motors
Circuits
Vibration limit switches

Inve stitions sic herheit von Einrichtungen Guido Menzel, BASF
NAMUR der Proze ssk itte chnik 0/14
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TCO comparison @ ; S .
| bp S,

SAMSON

Maintenance and repairs costs vs. initial purchase price

Users of competitors valves

Purchase Price Maintenance
DOW 100% 567%
AMOCO 100% 450%
SAMSON User
BASF - 50,000 Valves
Standard Applications 100% 30%

Severe Service 100% 200%
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Muito obrigado pela sua atencao @ S

SAMSON

. SAMSON

MESS- UND REGEITECHNIK

/A AIR TORQUE

CERA SYSTEW Elektronik

v/ more than ceramics

LEUSCH Pfeiffer
% SAMSOMATIC GMBH ﬁ'ﬂy@% ?/

&STARLUNe WVETEC
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