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Control Valve Selection Process
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Control Valve Selection Process
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What is Cavitation
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[ J Reasons For Cavitation

Flow To Open
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What is Cavitation
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Cavitation Common Problems

Pipe vibration Trim & body wear
Noise Lost production
Poor control High maintenance
System shutdown I;))?F;:n::;;aomn




Liquid flow through valves

Energy Profile (Liquid)
Cavitation Damage

Vena Contracta

Vapour Pressure

Critical pressure

Liquid pressure recovery factor
Cavitation Index

Choke Flow

How to avoid cavitation

Flashing




] Vena Contracta
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Phase diagrams of liquid, gaseous, and solid states
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[°C] |[kPa], [100*bar]| [atm] | [psi]
100 101.42 1.001 | 14.71
110 143.38 1.42 | 20.796
120 198.67 1.96 | 28.815
130 270.28 267 | 39.201
140 361.54 3.57 | 52.437
150 476.16 4.7 69
160 618.23 6.1 | 89.667
180 1002.8 99 | 145.44
200 1554.9 15.35 | 22552
220 23196 22.89 | 336.43
240 3346.9 33.03 | 485.43
260 4692.3 46.31 | 680.56
280 6416.6 63.33 | 930.65
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Phase diagrams of liquid, gaseous, and solid states

Phase Diagram for Water
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] Predicting Cavitation

FL = P1 - P2
P1-Pvc
(P; = Py)
O =

(P,-P,)




Liquid pressure recovery factor

(ANSI/ISA-S75.01, 1985

-p2

Pvc
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] Liquid pressure recovery factor

Fluid Static Pressure
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] Cavitation Index
ISA_RP75.23-1995

(P1 _ Pv)

O =
(P,-P,)

O cavitation index,

P1 =inlet pressure Barg

P2 =outlet pressureBarg
Pv = water vapor pressure




] Cavitation Index example
ISA_RP75.23-1995

Fluid: Water T =32.2 °C
Pv =0.0481 Bara
P1=11.034 Barg

P2 = 4.034 Barg o (P, - Py)
DP = 7.00 Barg O =

Gf = 0.995 (P, -P,)
q=90.85 m3/h

O =(11.034 -0.0481)/7.00 = 1.7142




] Acceptance Criteria

O >/= O,, -—-- Acceptable
O < O, - Not Acceptable

(P, - Py)
O =

P,-P,)




CAVITATION Cavitation Evaluation

Inlet
Reqd Shutoff Pressurs | Minimum | Nomal |Maximum | Other Cases 5to 8 =

bar g
Design Pressure flowrate |50 90.85 89.85 Im3h |
13.034 |barg inletpressure  |11.034  |[11.034  |[11.034 lbar g |
Max Design Temp outlet pressure (~ #1034 4034 4.034 —
deg . pressure drop (& |7 7 7 bar
Min Design Temp e 2 322 322 |degC ~|
B0 deacC vaporpressure | 0481 0481 0481 bara
critical pressure 221 221 221 bara
G < G viscosty | 7439 7439 7433 T
V liqud G |1 1 1
Velocity Imfs -
H — CQUTPUT  Cavitation Evaluation
Sigma Valve =2.4156
Sigma Service =1.7142 Sigma Valve = 24156

Sigma Valve and Piping = 24174

FL=0.7901 ( Sigma Service = 17142

flowing com

Critical FL _0 7637 — | Evaluation : Sigma (valve] = Sigmajservice} * 1.1

oversize re  Cavitation level exceeds manufacturers recommended limit.
sound leve

et
PED =

Result 12} Copy data to clipboard 7
Category critic .
valve vel es | Mo | utlet [Blody
) ﬂﬂbllurg- I i | i

Butterfly Valve

full open flow rate m3h




CAVITATION Cavitation Evaluation

Inlet
Reqd Shutoff Pressure | Minimum | NMomal | Maximum Other Cases 5to 8 -»

Design Pressure flowrate |50 30.85 89.85 Im3/h -]
barg inletpressure 11034 ({11034 |[11.034 lbar g ]
Max Design Temp outlet pressure ¢~ (4034 i4.034 4.034 bar g
deg c pressure drop (& |7 # 7 bar
Min Design Temp 2 2 322 322 |deaC ~|
B0 JdeaC vaporpressure  [4B1 0481 0481 bara

critical pressure (221 221 221 bar a

G G viscosty (S 7439 7439 certipoise
< V liquid Gf 1 1 1

Velocity Irnfs -
OUTPUT  Cavitation Evaluation

Sigma Valve =2.0546

H H — Sigma Valve = 2.0546
Slgma Ser\”ce 1'7142 Sigma Walve and Piping = 2.0559
FL_ 0 80( Sigma Service =1.7142
- . ———
i C?m Evaluation: Sigma (valve] = Sigma(service] * 1.1
oy _ require
Crltlcal FL _0'7637 oversize re  Cavitation level exceeds manufacturers recommended limit.
sound leve
%t
PED c
Result LZ} Copy data to clipboard 7

Category critic |
valve vel fes | Mo | utiet [Blody

%% flasimng,

GlObe Va Ive full open flow rate m%h




CAVITATION Cavitation Evaluation

Cv wvs. Trave
100
90 #
50
70 va /A_
60 .
-~ o oA )
40 — %Cv
30 — FL
O < GV 20 /
10
. 0
Sigma Valve =2.0546 0 10 20 3040 50 6070 30 90100
Sigma Service =1.7142 Travel %
FL=0.80
Critical FL =0.7637
Plot |
*travel 0| 200 30| 4 s e 70| 80 90| 100
%Cv 3 5 6 10 18 30 46 66 86 100
_M_ FL 53 55 63 72 B B B B B B
Globe Valve FL= 0.80




CAVITATION Cavitation Evaluation

Inlet
Reqd Shutoff Pressure | Minimum | Normal |Maximum | Other  Cases5tod-

FJoaro

Design Pressure flowrate |50 90.85 89.85 Im3/h |
bar g rletpressre  |11.034  |[11.034  |[11.034 lbar g |
Max Design Temp outlet pressure 4 034 4034 4034 bar g
deg - pressure drop (& |7 7 7 bar
Min Design Temp temperature  |32.2 32.2 32.2 |degC ~|
deg c Vapor pressure 0431 0481 0481 bar a
critical pressure 221 221 221 bar a
viscosity 7433 74353 7439 centipoise
liquid GF |1 1 1

Sigma Valve =1.0109 Veocty [ms -]
. . OUTPUT  Cavitation Evaluation

Sigma Service =1.7142

F|_= 093 ( sigma Valve =1.0109

Sigma Valve and Piping = 1.0213

Critical FI_ =0_7637 Sigma Service = 1.7147

flowing condition
g Evaluation : acceptable cavitation

required Cv
‘”1_" e /-:/ oversize req Cv x1
- Nde” sound level, [EC 4 (+5/-5)
£ {’ % travel l
¢ S p PED 9% Cy |
Resutt ©2) FL Copy data to clipboard 7 |

Category critical FL |
valve velocity Yes | Mo | - [nlet [O]utlet [Blody

% flashing

GlObe Va IVe full open flow rate m3'h
Multi-Hole




B o

O >/= O,, - Acceptable

Sigma Valve =1.0109 (P —Py)
Sigma Service=1.7142 (P, - P,)




[ CAVITATION J Control Valve Noise

1.Mechanical vibration of components
2.Hydrodynamic noise (

3.Aerodynamic noise

Pipe vibration

MNoise




FLASHING Flowing Condition Flashing

Inl
Heq:'lShutoﬁ Pressure |“rirrun | Normal |Maxnrun | Other Cases 5to 8 >
5 lbarg

Design Pressure flowrate |50 90.85 89.85 Im3/h |
11.034 |barg inlet pressure |11.034 11.034 11.034 lbar g |
Max Design Temp outlet pressure — (034 4.034 .04 barg
LelE pressure drop (& |7 7 7 bar
Min Design Temp Femicime | 165 165 165 |degC ~|
B0 JdescC vaporpressure 7013 7.013 7.013 bara
critical pressure 221 221 221 bara
viscosty | 1702 1702 1702 s
liquid Gf 9025 9025 9025

Velocty |m/s -

Flashing will occur if the outlet pressure < vapor pressure

FIaShing flowing cendition  Flashing Flashing Fla=hing
required Cv 31.3 5117 507
oversize req Cv 31.3 517 0.7 Cvx1
_ sound level, [EC|< 70 =70 <70 dBA (+#5/-5)
Outlet Pressure = 4.034 < 7.013 el @ aml am
FL= 0.823 PED— % Cv 43.43 71.06 70.41
’ . Resutt 02 FL 7383 8246 823
Valve velocity =54.1[Out] m/s Categoy [ critical FL 0 0 0
valve velocity|  30.1[0)] 54.7[0]  54.1[0] mis [[nlet [O]utlet [Blody
% flashing 2,853 2,863 2,883
full open flow rate 1323 1323 1323 mi'h
u Nt ninfan 7y avthw.1 A
(j1'x) "7 MIVIOSNL NTIIN.2




Chocking

Erosion

High Velocities




How to avoid cavitation

[°C] |[kPa], [100*bar]| [atm] | [psi] P

100 101.42 1.001 | 14.71

110 14338 142 | 20.79

120 198.67 1.96 | 28.815

130 270.28 267 | 39.201

140 361.54 3.57 | 52.437

150 47616 47 69

160 618.23 6.1 89.667 - P>
180 1002.8 99 | 145.44

200 1554.9 15.35 | 22552 o — \/

220 2319.6 2289 | 336.43

240 3346.9 33.03 | 485.43 | :

260 46923 46.31 | 680.56 0% 100%
280 6416.6 63.33 | 930.65 Letdown Path
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] How to Curb the cavitation
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Control Valve Closing against the pressure




How to avoid cavitation

Flow To Closed

O >/= GV

Sigma Valve =1.0109
Sigma Service =1.7142
FL=0.93 <«

Critical FL =0.7637

e >

sl

Globe Valve
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Avoid the cavitation

CAVITATION
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